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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

Facility - Calvert Cliffs Nuclear Power Plant

Licensee - Calvert Cliffs Nuclear Power Plant, Inc.

REGULATORY LIMITS

A. Fission and Activation Gases

1. The instantaneous release rate of noble gases in gaseous effluents shall not result in a
site boundary dose rate greater than 500 mRem/year to the whole body or greater than
3000 mRemlyear to the skin (Offsite Dose Calculation Manual (ODCM) 3.11.2.1).

2. Gaseous Radwaste Treatment System and the Ventilation Exhaust Treatment System
shall be used to reduce gaseous emissions when the calculated gamma-air dose due to
gaseous effluents exceeds 1.20 mRad or the calculated beta-air dose due to gaseous
effluents exceeds 2.40 mRad at the site boundary in a 92 day period
(ODCM 3.11.2.4).

3. The air dose at the site boundary due to noble gases released in gaseous effluents shall
not exceed (ODCM 3.11.2.2):

10 mRad/qtr, gamma-air
20 mRad/qtr, beta-air
20 mRadlyear, gamma-air
40 mRadlyear, beta-air

4. All of the above parameters are calculated according to the methodology specified in
the ODCM.

B. Iodines and Particulates with Half Lives Greater than Eight Days

1. The instantaneous release rate of iodines and particulates in gaseous effluents shall not
result in a site boundary dose-rate in excess of 1500 mRem/year to any organ
(ODCM 3.11.2.1).

2. The Gaseous Radwaste Treatment System and the Ventilation Exhaust Treatment
System shall be used to reduce radioactive materials in gaseous effluents when
calculated doses exceed 1.8 mRem to any organ in a 92 day period at or beyond the
site boundary (ODCM 3.11.2.4).

3. The dose to a member of the public at or beyond the site boundary from iodine-131
and particulates with half lives greater than eight days in gaseous effluents shall not
exceed (ODCM 3.11.2.3):

15 mRemlqtr, any organ
30 mRem/year, any organ
less than 0.1% of the above limits as a result of burning contaminated oil.

4. All of the above parameters are calculated according to the methodology specified in
the ODCM.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

C. Liquid Effluents

1. The concentrations of radionuclides in liquid effluents from the plant shall not exceed
the values specified in 10 CFR Part 20, Appendix B, Table II, Column 2 for
unrestricted areas (ODCM 3.11.1.1).

2. The liquid radwaste treatment system shall be used to reduce the concentration of
radionuclides in liquid effluents from the plant when the calculated dose to
unrestricted areas exceeds 0.36 mRem to the whole body, or 1.20 mRem to any organ
in a 92 day period (ODCM 3.11.1.3).

3. The dose to a member of the public in unrestricted areas shall not exceed
(ODCM 3.11.1.2):

3 mRemlqtr, total body
10 mRem/qtr, any organ
6 mRem/year, total body

20 mRem/year, any organ

4. All of the liquid dose parameters are calculated according to the methodology
specified in the ODCM.

II. MAXIMUM PERMISSIBLE CONCENTRATIONS

A. Fission and Activation Gases

Prior to the batch release of gaseous effluents, a sample of the source is collected and
analyzed by gamma spectroscopy for the principal gamma emitting radionuclides. The
identified radionuclide concentrations are evaluated and an acceptable release rate is
determined to ensure that the dose rate limits of ODCM 3.11.2.1 are not exceeded.

B. Iodines and Particulates with Half Lives Greater than Eight Days

Compliance with the dose rate limitations for iodines and particulates is demonstrated by
analysis of the charcoal and particulate samples of the station main vents. The charcoal
samples are analyzed by gamma spectroscopy for quantification of radioiodines. The
particulate samples are analyzed by gamma spectroscopy for quantification of particulate
radioactive material. All of the above parameters are calculated according to the
methodology specified in the ODCM.

C. Liquid Effluents

The Maximum Permissible Concentrations (MPCs) used for radioactive materials released in
liquid effluents are in accordance with ODCM 3.11.1.1 and the values from 10 CFR Part 20,
Appendix B, Table II, Column 2 including applicable table notes. In all cases, the more
restrictive (lower) MPC found for each radionuclide is used regardless of solubility.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

m. TECHNICAL SPECIFICATION REPORTING REQUIREMENTS

A. Calvert Cliffs Nuclear Power Plant (CCNPP), Technical Specification 5.6.3

1 . 2002 Dose Assessment Summary

Actual Percent of ODCM
Value | ODCM limit Limit

Liquid Waste:
Maximum Annual Organ Dose (mRem)' 0.20 1.0% | 20
Maximum Whole Body Dose (mRem)' 0.006 0.10% 6

Gaseous Waste:
Noble Gases:

Maximum Quarterly Gamma Air Dose (nmRad) 0.001 0.0 1% 10
Maximum Quarterly Beta Air Dose (mRad) 0.006 0.03% 20

Iodines and Particulates:
Maximum Annual Organ Dose (mRem) 2 0.017 0.06% 30

The controlling pathway was the fish and shellfish pathway with adult as the controlling age group and the
gastrointestinal tract representing the organ with the highest calculated dose during the calendar year of
2002.

2 The controlling pathway was the child-infant-thyroid pathway representing the organ with the highest
calculated dose during the calendar year of 2002. There is currently no known milk pathway in existence.

2. 40 CFR 190 Total Dose Compliance

Based upon the calendar year 2002 and the ODCM calculations, the maximum
exposed individual would receive less than 1% of the allowable dose. During the
calendar year 2002, there were no on-site sources of direct radiation that would have
contributed to a significant or measurable off-site dose. The direct radiation
contribution is measured by both on-site and off-site thermoluminescent dosimeters
(TLDs). The results of these measurements did not indicate any statistical increase in
the off-site radiation doses attributable to on-site sources. Therefore, no increase in
the calculated offsite dose is attributed to the direct exposure from on-site sources. A
more detailed evaluation will be reported in the Annual Radiological Environmental
Operating Report.

3. Solid Waste Report Requirements

During 2002, the types of radioactive solid waste shipped from Calvert Cliffs were
dry compressible waste, filters, and dewatered resins which were shipped in High
Integrity Containers (HICs) within NRC approved casks, Sealand containers, and steel
boxes. Appendix A provides a detailed breakdown of the waste shipments for 2002
per the categories specified in Technical Specification 5.6.3. At CCNPP, methods of
waste and materials segregation are used to reduce the volume of solid waste shipped
offsite for processing, volume reduction and burial.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

4. Offsite Dose Calculation Manual (ODCM) and Process Control Program (PCP)
Changes

The ODCM was revised on 23-Mar-2002. A copy is attached. There were no
changes to the PCP in 2002.

B. Radioactive Effluent Monitoring Instrumentation

There were no effluent pathways unmonitored for more than 30 consecutive days in 2002.

C. Independent Spent Fuel Storage Installation (ISFSI), ISFSI Technical Specification 6.1

There were four (4) casks of spent fuel transferred to the ISFSI during 2002. No quantity of
radionuclides was released to the environment during the ISFSI operation in 2002.
Additional information regarding the ISFSI radiation-monitoring program is included in the
Annual Radiological Environmental Operation Report.

IV. AVERAGE ENERGY

Not Applicable.

V. MEASUREMENTS AND APPROXIMATIONS AND TOTAL RADIOACTIVITY

A. Fission and Activation Gases

1. Batch Releases

Prior to each batch release of gas from a pressurized waste gas decay tank or
containment, a sample is collected and analyzed by gamma spectroscopy using a
Germanium (Ge) detector for the principal gamma emitting noble gas radionuclides.
The total activity released is based on the pressure/volume relationship (gas laws).

2. Continuous Releases

A gas sample is collected at least weekly from the main vents and analyzed by gamma
spectroscopy using a Ge detector for the principal gamma emitting noble gas
radionuclides. The total activity released for the week is based on the total sample
activity decay corrected to the sample time multiplied by the main vent flow for the
week.

Prior to and after each containment purge, a gas sample is collected and analyzed by
gamma spectroscopy using a Ge detector for the principal gamma emitting noble gas
radionuclides. The total activity released is based on containment volume and purge
rate. Alternatively, total activity released is based on continuous radiation monitor
response, grab samples and purge flow rate.

A monthly composite sample is collected from the main vents and analyzed by liquid
scintillation for tritium. The total tritium release for the month is based on the sample
analysis and the main vent flow.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

B. Iodine and Particulates

1. Batch Releases

The total activities of radioiodines and particulates released from pressurized waste
gas decay tanks, containment purges, and containment vents are accounted for by the
continuous samplers on the main vent.

2. Continuous Releases

During the release of gas from the main vents, samples of iodines and particulates are
collected using a charcoal and particulate filter, respectively. The filters are removed
weekly and are analyzed by gamma spectroscopy using a Ge detector for significant
gamma emitting radionuclides. The total activity released for the week is based on the
total sample activity decay corrected to the midpoint of the sample period multiplied
by the main vent flow for the week. The weekly particulate filters are then
composited to form monthly and quarterly composites for the gross alpha and
strontium-89 and strontium-90 analyses.

C. Liquid Effluents

I1. Batch Releases

Prior to the release of liquid from a waste tank, a sample is collected and analyzed by
gamma spectroscopy for the principal gamma emitting radionuclides. To demonstrate
compliance with the requirements addressed in Section I.C. 1 above, the measured
radionuclide concentrations are compared with the allowable M[PCs; dilution in the
discharge conduit is considered, and an allowable release rate is verified.

The total activity released in each batch is determined by multiplying the volume
released by the concentration of each radionuclide. The actual volume released is
based on the difference in tank levels prior to and after the release. A proportional
composite sample is also withdrawn from each release, this is used in turn to prepare
monthly tritium and quarterly gross alpha, iron-55, strontium-89, and strontium-90
samples for analysis.

2. Continuous Releases

To account for activity from continuous releases, a sample is collected and analyzed
by gamma spectroscopy for the principal gamma emitting radionuclides. The
measured radionuclide concentrations are compared with the allowable MPC
concentrations in the discharge conduit, and an allowable release rate is verified.

When steam generator blowdown is discharged to the circulating water conduits, it is
sampled and gamma isotopic analysis is performed at a minimum of three times per
week and these samples are used in turn to prepare a weekly blowdown composite
sample based on each day's blowdown. These results are multiplied by the actual
quantity of blowdown to determine the total activity released. The weekly composite
is also used to prepare monthly composites for tritium analysis.

During periods of primary-to-secondary leakage, the secondary system becomes
contaminated and subsequently, contaminates the turbine building sumps. The low-
level activity water (predominantly tritium) contained in the turbine building sumps is
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

discharged to the circulating water conduits. This water is sampled weekly and
composited. The composite sample is analyzed at least monthly for tritium and
principal gamma emitting radionuclides. The results are multiplied by the actual
quantity of liquid released to determine the total activity released.

D. Estimation of Total Error

Total error for all releases was estimated using, as a minimum, the random counting error
associated with typical releases. In addition to this random error, the following systematic
errors were also examined:

1. Liquid

a. Error in volume of liquid released prior to dilution during batch releases.
b. Error in volume of liquid released via steam generator blowdown.
c. Error in amount of dilution water used during the reporting period.

2. Gases

a. Error in main vent release flow.
b. Error in sample flow rate.
c. Error in containment purge release flow.
d. Error in gas decay tank pressure.

Where errors could be estimated they are usually considered additive.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

VI. BATCH RELEASES

A. Liquid

1. Number of batch releases

2. Total time period for batch
releases (min)

3. Maximum time period for a
batch release (min)

4. Average time period for
batch releases (min)

5. Minimum time period for a
batch release (min)

6. Average stream flow during
periods of effluent into a
flowing stream (liters/min of
dilution water)

B. Gaseous

1. Number of batch releases

2. Total time period for batch
releases (min)

3. Maximum time period for a
batch release (min)

4. Average time period for
batch release (min)

5. Minimum time period for a
batch release (min)

IST
QUARTER

2.OOE+01

5.63E+04

3.03E+04

2.81E+03

3.OOE+01

2002

2ND 3RD
QUARTER QUARTER

1.50E+01 1.50E+01

6.71E+03 6.18E+03

1.62E+03 6.07E+02

4.47E+02 4.12E+02

2.70E+01 2.OOE+01

4TH
QUARTER

1.90E+01

8.33E+03

5.77E+02

4.18E+02

2.70E+01

3.01E+06 4.66E+06 4.59E+06 4.66E+06

3.OOE+00

3.95E+02

1.80E+02

1.32E+02

8.50E+01

7.OOE+00

8.57E+03

4.57E+03

1.22E+03

5.90E+01

2.OOE+00

8.65E+02

7.45E+02

4.32E+02

I1.20E3+02

1.40E+01

3.65E+03

1.80E+03

2.61E+02

5.00E-01
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

SUPPLEMENTAL INFORMATION

VII. ABNORMAL RELEASES

2002

1ST 2ND 3RD 4TH
QUARTER QUARTER QUARTER QUARTER

A. Liquid

1. Number of releases -0- -0- -0- -0-

2. Total activity released
(Curies) -0- -0- -0- -0-

B. Gaseous

1. Number of releases -0- -0- -0- -0-

2. Total activity releases
(Curies) -0- -0- -0- -0-
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APPENDIX A

CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE IA - REG GUIDE 1.21
GASEOUS EFFLUENTS - SUMMATION OF ALL RELEASES

1ST 2ND EST. TOTAL
A. FISSION AND ACTIVATION GASES UNITS QUARTER QUARTER ERROR, %

1. Total Release Ci 5.89E+01 1.10E+01 ±1.20E+01
2. Average release rate for period pCi/sec 7.65E+00 1.41E+00
3. Percent of Tech. Spec. limit (1) % 7.90E-04 3.25E-05
4. Percent of Tech. Spec. limit (2) 5.62E-04 1.32E-04
5. Percent of Tech. Spec. limit (3) ___ 1.13E-02 4.67E-04
6. Percent of Tech. Spec. limit (4) _ 5.65E-03 2.33E-04
7. Percent of Tech. Spec. limit (5) _ 2.86E-02 7.01E-03
8. Percent of Tech. Spec. limit (6) % 1.43E-02 3.5 1E-03

B. IODINES
1. Total Iodine - 131 Ci 2.17E-04 5.OOE-05 ±6.50E+00
2. Average release rate for period pCi/sec 2.82E-05 6.44E-06
3. Percent of Tech. Spec. limit (7) % 6.71E-05 1.53E-05
4. Percent of Tech. Spec. limit (8) %_ 1.63E-03 3.77E-04
5. Percent of Tech. Spec. limit (9) J 8.17E-04 1.88E-04

C. PARTICULATES
1. Particulates with half lives greater than

8 days Ci (10) (10) N/A
2. Average release rate for period giCi/sec (10) (10)
3. Percent of Tech. Spec. limit (7) (10) (10)
4. Percent of Tech. Spec. limit (8) (10) (10)
5. Percent of Tech. Spec. limit (9) % (10) (10)
6. Gross alpha radioactivity Ci (10) (10) N/A

3RD 4TH EST. TOTAL
A. FISSION AND ACTIVATION GASES UNITS QUARTER QUARTER ERROR, %

1. Total Release Ci 7.31E+00 1.96E+01 il.20E+01
2. Average release rate for period ipCi/sec 9.29E-01 2.50E+00
3. Percent of Tech. Spec. limit (1) % 1. 17E-04 3.89E-04
4. Percent of Tech. Spec. limit (2) % 6.64E-05 1.74E-04
5. Percent of Tech. Spec. limit (3) % 1.70E-03 5.62E-03
6. Percent of Tech. Spec. limit (4) % 8.49E-04 2.81E-03
7. Percent of Tech. Spec. limit (5) /o 3.35E-03 8.35E-03
8. Percent of Tech. Spec. lmit (6) % 1.68E-03 4.18E-03

B. IODINES
1. Total Iodine - 131 Ci 2.04E-04 1.04E-04 ±6.50E+00
2. Average release rate for period pCi/sec 2.60E-05 1.33E-05
3. Percent of Tech. Spec. limit (7) % 6.18E-05 3.15E-05
4. Percent of Tech. Spec. Iimit (8) % 1.54E-03 7.86E-04
5. Percent of Tech. Spec. limit (9) % 7.70E-04 3.93E-04

C. PARTICULATES
1. Particulates with half lives greater than

8 days Ci (10) (10) N/A
2. Average release rate for period piCi/sec (10) (10)
3. Percent of Tech. Spec. limit (7) (10) (10)
4. Percent of Tech. Spec. limit (8) _ (10) (10)
5. Percent of Tech. Spec. limit (9) _____ (10) (10)
6. Gross alpha radioactivity Ci (10) (10) N/A
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APPENDIX A

CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 1A - REG GUIDE 1.21
GASEOUS EFFLUENTS - SUMMATION OF ALL RELEASES

1ST 2ND EST.TOTAL
D. TRMTIUM UNITS QUARTER QUARTER ERROR,%

1. Total Release Ci 1.19E+00 3.00E+00 ±i.32E+01
2. Average release rate for period pCi/sec 1.55E-01 3.86E-01

3RD 4TH EST. TOTAL
D. TRff ___ UNITS QUARTER QUARTER ERROR, %

1. Total Release Ci 1.97E+00 1.17E+00 ±1.32E+01
2. Average release rate for period JpCi/sec 2.50E-01 1.49E-01

NOTES TO TABLE IA

(1) Percent of I.A.I whole body dose rate limit (500 mRem/year)

(2) Percent of I.A.1 skin dose rate limit (3000 mRemlyear)

(3) Percent of I.A.3 quarterly gamma-air dose limit (10 mRad)

(4) Percent of I.A.3 yearly gamma-air dose limit (20 mRad)

(5) Percent of I.A.3 quarterly beta-air dose limit (20 mRad)

(6) Percent of I.A.3 yearly beta-air dose limit (40 mRad)

(7) Percent of I.B.I organ dose rate limit (1500 mRemlyear)

(8) Percent of I.B.3 quarterly organ dose limit (15 mRem)

(9) Percent of I.B.3 yearly organ dose limit (30 mRem)

(10) Less than minimum detectable activity which meets the lower limit of detection (LLD)
requirements of ODCM Surveillance Requirement 4.11.2.1.2.
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APPENDIX A

CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 1C - REG GUIDE 1.21
GASEOUS EFFLUENTS - GROUND LEVEL RELEASES

CONTINUOUS MODE BATCH MODE
1ST 2ND 1ST 2ND

UNITS QUARTER QUARTER QUARTER QUARTER
1. FISSION AND ACTIVATION GASESS

Argon -41 Ci (2) (2) (2) (2)
Krypton -85 Ci 1.76E+01 (2) 2A5E+00 9.55E+00
Krypton -85m Ci 1.74E-02 (2) (2) (2)
Krypton -87 Ci (2) (2) (2) (2)
Krypton -88 Ci (2) (2) (2) (2)
Xenon -131m Ci 1.OOE-01 (2) (2) (2)
Xenon -133 Ci 3.70E+01 1.05E+00 4.49E-02 3.61E-01
Xenon -133m Ci 2.65E-01 (2) (2) 6.56E-03
Xenon -135 Ci 1.40E+00 (2). 2.54E-04 1.94E-03
Xenon -135m Ci (2) (2) (2) (2)
Xenon -138 Ci (2) (2) (2) (2)
Total for Period Ci 5.64E+01 1.05E+00 2.50E+00 9.92E+oo

2. HALOGENS
Iodine -131 Ci 2.17E-04 5.OOE-05 (1) (1)
Iodine -133 Ci 1.52E-04 3.64E-04 (1) (1)
Bromine -82 Ci (2) (2) (1) (1)
Total for Period Ci 3.70E-04 4.14E-04 (1) (1)

CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 1 4TH

UNITS QUARTER QUARTER QUARTER QUARTER
1. FISSION AND ACTIVATION GASES

Argon -41 Ci (2) (2) 7.29E-04 9.87E-03
Krypton -85 Ci (2) (2) 1.72E+00 2.OOE+00
Krypton -85m Ci (2) (2) 6.47E-06 4.43E-04
Krypton -87 Ci (2) (2) (2) 3.09E-04
Krypton -88 Ci (2) (2) (2) 6.65E-04
Xenon -131m Ci (2) (2) (2) 3.44E-04
Xenon -133 Ci 5.30E+00 1.64E+01 6.26E-03 1.08E-01
Xenon -133m Ci 1.21E-02 1.34E-04 6.98E-04
Xenon -135 Ci 2.73E-01 1.07E+00 2.64E-04 7.82E-03
Xenon -135m Ci (2) (2) (2) 6.12E-04
Xenon -138 Ci (2) (2) (2) 1.34E-04
Total for Period Ci 5.58E+00 1.75E+01 1.73E+00 2.12E+00

2. HALOGENS
Iodine -131 Ci | 2.04E-04 | 1.04E-04 | (1) (1)
Iodine -133 Ci 1.91E-03 5.36E-04 | (1) (1)
Bromine -82 Ci (2) (2) (1) (1)
Total For Period Ci J 2.1 1E-03 6.41E-04 J (1) (1)
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APPENDIX A

CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 1C - REG GUIDE 1.21
GASEOUS EFFLUENTS - GROUND LEVEL RELEASES

CONTINUOUS MODE BATCH MODE
1ST 2ND IST 2ND

UNITS QUARTER QUARTER QUARTER QUARTER
3. PARTICULATES

Manganese -54 Ci (2) (2) (1) (1)
Iron -59 Ci (2) (2) (1) (1)
Cobalt -58 Ci (2) (2) (1) (1)
Cobalt -60 Ci (2) (2) (1) (1)
Zinc -65 Ci (2) (2) (1) (1)
Strontium -89 Ci (2) (2) (1) (1)
Strontium -90 Ci (2) (2) (1) (1)
Molybdenum -99 Ci (2) (2) (1) (1)
Cesium -134 Ci (2) (2) (1) (1)
Cesium -137 Ci (2) (2) (1) (1)
Cerium -141 Ci (2) (2) (1) (1)
Cerium -144 Ci (2) (2) (1) (1)
Gross Alpha Radioactivity Ci (2) (2) (1) (1)
Total For Period Ci (2) (2) (1) (1)

CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 4TH

UNITS QUARTER QUARTER QUARTERI QUARTER
3. PARTICULATES

Manganese -54 Ci (2) (2) (1) (1)
Iron -59 Ci (2) (2) (1) (1)
Cobalt -58 Ci (2) (2) (1) (1)
Cobalt -60 Ci (2) (2) (1) (1)
Zinc -65 Ci (2) (2) (1) (1)
Strontium -89 Ci (2) (2) (1) (1)
Strontium -90 Ci (2) (2) (1) (1)
Molybdenum -99 Ci (2) (2) (1) (1)
Cesium -134 Ci (2) (2) (1) (1)
Cesium -137 Ci (2) (2) (1) (1)
Cerium -141 Ci (2) (2) (1) (1)
Cerium -144 Ci (2) (2) (1) (1)
Gross Alpha Radioactivity Ci (2) (2) (1) (1)
Total For Period Ci (2) (2) (1) (1)

NOTES TO TABLE 1C

(1) Iodines and particulates in batch releases are accounted for with the main vent continuous samplers
when the release is made through the plant main vent.

(2) Less than minimum detectable activity which meets the LLD requirements of ODCM Surveillance
Requirement 4.11.2.1.2.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 2A - REG GUIDE 1.21
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

IST ~2ND EST. TOTAL
QUARTER QUARTER ERROR, NUNITS I1ST2TOA

A. FISSION AND ACTIVATION PRODUCTS
1. Total Release (not including tritium, gases,

alpha) Ci 1.44E-01 4.81E-02 ±1.03E+01
2. Average diluted concentration during period pCi/ml 2.39E-10 7.89E-1 1
3. Percent of Tech. Spec. limit (1) % 5.35E-01 3.54E-01
4. Percent of Tech. Spec. limit (2) % 2.68E-01 1.77E-01
5. Percent of Tech. Spec. limit (3) % 9.93E-02 3.83E-02
6. Percent of Tech. Spec. limit (4) % 4.97E-02 1.92E-02

B. TRITIUM
1. Total Release Ci 2.54E+02 1.14E+02 ±1.03E+01
2. Average diluted concentration during period i±Cilml 4.22E-07 1.87E-07
3. Percent of applicable limit (5) % 1.41E-02 6.23E-03d

C. DISSOLVED AND ENTRAINED GASES
1. Total Release Ci l1.OOE-01 2.90E-04 | 1.03E+O1
2. Average diluted concentration during period i Ci/ml | 1.66E-10 4.75E-13 I

I l 3RD | 4TH EST. TOTAL
UNITS QUARTER QUARTER ERROR, %

A. FISSION AND ACTIVATION PRODUCTS
I. Total Release (not including tritium, gases,

alpha) Ci 5.61E-02 2.64E-02 i1.03E+01
2. Average diluted concentration during period piCi/ml 9.09E-11 4.29E-l 1
3. Percent of Tech. Spec. limit (1) % 7.38E-01 l.75E-01
4. Percent of Tech. Spec. limit (2) % 3.69E-1O 8.74E-02
5. Percent of Tech. Spec. limit (3) % 3.15E-02 2.39E-02
6. Percent of Tech. Spec. limit (4) _ 1.58E-02 1.19E-02

B. TRITIUM
1. Total Release Ci 3.01E+02 4.59E+02 | ±l.03E+01
2. Average diluted concentration during period pCi/ml 4.87E-07 7.44E-07
3. Percent of applicable limit (S) j 1.62E-02 2.48E-02d

C. DISSOLVED AND ENTRAINED GASES
1. Total Release Ci 2.56E-03 1.84E-02 ±l.03E+01

I 2. Average diluted concentration during period I pCi/ml I 4.15E-12 2.98E-11 I
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APPENDIX A

CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 2A - REG GUIDE 1.21
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

l IST | 2ND |EST. TOTAL
| UNITS I QUARTER QUARTER | ERROR

D. GROSS ALPHA RADIOACTIVITY
I. Total Release Ci 5.33E-05 (6) ±5.40E+01

E. VOLUME OF WASTE RELEASED
(prior to dilution) liters 5.58E+07 I.04E+08 ±1.30E+0O

F. VOLUME OF DILUTION WATER USED
DURING PERIOD (7) liters 6.03E+11 6.l0E+l I ±1.64E+01

I 1 3RD 4TH EST. TOTAL
|_UNITS_| QUARTER QUARTER ERROR, %

D. GROSS ALPHA RADIOACTIVITY
1. Total Release Ci 9.16E-06 (6) ±_.40E+01

E. VOLUME OF WASTE RELEASED
(prior to dilution) Liters 7.33E+07 1.06E+08 ±I.30E+00

F. VOLUME OF DILUTION WATER USED
DURING PERIOD (7) Liters 6.17E+1 1 6.17E+1 1 ±1 .64E+01

(1)

(2)

(3)

(4)

(5)

(6)

(7)

NOTES TO TABLE 2A

Percent of I.C.3 Quarterly Organ Dose Limit (10 mRem) to maximum exposed organ

Percent of I.C.3 Yearly Organ Dose Limit (20 mRem) to maximum exposed organ

Percent of I.C.3 Quarterly Whole Body Dose Limit (3 mRem)

Percent of I.C.3 Yearly Whole Body Dose Limit (6 mRem)

Limit used is 3 x 10-3 pCi/ml

Less than minimum detectable activity which meets the LLD requirements of ODCM Surveillance
Requirement 4.11.1.1. 1.
Includes dilution water used during continuous discharges.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 2B - REG GUIDE 1.21
LIQUID EFFLUENTS

CONTINUOUS MODE BATCH MODE
1ST 2ND IST 2ND

NUCLIDES RELEASED Units QUARTER QUARTER QUARTER QUARTER
Beryllium - 7 Ci (1) (1) (1) (1)
Sodium -24 Ci (1) (1) (1) (1)
Chromium - 51 Ci (1) (1) 1.25E-03 3.48E-03
Manganese - 54 Ci (1) (1) 1.95E-03 5.36E-04
Iron- 55 Ci (2) (2) 8.26E-02 2.01E-02
Cobalt - 57 Ci (1) (1) 2.63E-04 2.50E-05
Cobalt - 58 Ci (1) (1) 1.95E-02 8.22E-03
Iron - 59 Ci (1) (1) 7.50E-04 1.08E-03
Cobalt - 60 Ci (1) (1) 1.OOE-02 2.04E-03
Zinc - 65 Ci (1) (1) (1) (1)
Strontium - 89 Ci (1) (1) 7.77E-06 1.74E-06
Strontium - 90 Ci (1) (1) (1) (1)
Strontium - 92 Ci (1) (1) (1) (1)
Niobium - 95 Ci (1) (1) 4.69E-03 4.65E-03
Zirconium - 95 Ci (1) (1) 2.46E-03 2.59E-03
Niobium - 97 Ci (1) (1) (1) (1)
Zirconium - 97 Ci (1) (1) (1) (1)
Molybdenum - 99 Ci (1) (1) (1) (1)
Technetium - 99m Ci (1) (1) (1) (1)
Ruthenium- 103 Ci (1) (1) (1) 7.10E-05
Rhodium - 105 Ci (1) (1) (1) (1)
Ruthenium- 105 Ci (1) (1) (1) (1)
Silver- IlOm_ Ci (1) (1) 8.98E-03 2.18E-03
Tin- 113 Ci (1) (1) 5.02E-04 9.98E-04
Tin- 117m Ci (1) (1) 8.87E-05 1.47E-04
Antimony- 122 Ci (1) (1) (1) (1)
Antimony - 124 Ci (1) (1) (1) 6.43E-05
Antimony- 125 Ci (1) (1) 1.O1E-02 1.89E-03
Tellurium- 125m Ci (1) (1) (1) (1)
Tellurium- 132 Ci (1) (1) 1.44E-04 (1)
Iodine- 131 Ci (1) (1) 7.91E-05 9.72E-06
Iodine - 132 Ci (1) (1) 2.40E-04 (1)
Iodine- 133 Ci (1) (1) 1.04E-05 (1)
Iodine- 135 Ci (1) (1) (1) (1)
Cesium - 134 Ci (1) (1) 9.68E-05 3.49E-05
Cesium- 136 Ci (1) (1) (1) (1)
Cesium - 137 Ci (1) (1) 2.OOE-04 3.13E-05
Barium- 140 Ci (1) (1) 2.88E-05 (1)
Lanthanum- 140 Ci (1) (1) 2.86E-05 (1)
Cerium- 144 Ci (1) (1) (1) (1)
Europium- 154 Ci (1) (1) 3.32E-04 (1)
Europium - 155 Ci (1) (1) 2.20E-04 (1)
Tungsten- 187 Ci (1) (1) (1) (1)
Total For Period Ci (1) (1) 1.44E-01 4.81E-02
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 2B - REG GUIDE 121
LIQUID EFFLUENTS

| CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 4TH

NUCLIDES RELEASED Units QUARTER QUARTER QUARTER QUARTER
Beryllium - 7 Ci (1) (1) (1) 3.94E-04
Sodium-24 Ci (1) (1) (1) (1)
Chromium - 51 Ci (1) (1) 4.16E-03 2.02E-03
Manganese - 54 Ci (1) (1) 1.14E-03 1.03E-03
Iron - 55 Ci (2) (2) 1.188E-02 4.82E-03
Cobalt - 57 Ci (1) (1) l.91E-05 4.32E-05
Cobalt - 58 Ci (1) (1) 9.30E-03 5.86E-03
Iron - 59 Ci (1) (1) 3.74E-04 4.65E-05
Cobalt - 60 Ci (1) (1) 3.45E-03 3.93E-03
Zinc - 65 Ci (1) (1) (1) (1)
Strontium - 89 Ci (1) (1) (1) (1)
Strontium - 90 Ci (1) (1) (1) (1)
Strontium - 92 Ci (1) (1) (1) (1)
Niobium - 95 Ci (1) (1) 9.94E-03 2.30E-03
Zirconium - 95 Ci (1) (1) 4.98E-03 l.19E-03
Niobium - 97 Ci (1) (1) (1) (1)
Zirconium - 97 Ci (1) (1) (1) (1)
Molybdenum - 99 Ci (1) (1) (1) (1)
Technetium - 99m Ci (1) (1) (1) (1)
Ruthenium - 103 Ci (1) (1) (1) (1)
Rhodium - 105 Ci (1) (1) (1) (1)
Ruthenium - 105 Ci (1) (1) (1) (1)
Silver - 11Dm Ci (1) (1) 7.55E-03 1.54E-03
Tin - 113 Ci (1) (1) 6.79E-04 (1)
Tin- 117m Ci (1) (1) 1.27E-04 2.37E-05
Antimony- 122 Ci (1) (1) (1) (1)
Antimony- 124 Ci (1) (1) (1) (1)
Antimony - 125 Ci (1) (1) 2.22E-03 2.82E-03
Tellurium-125m Ci (1) (1) (1) (1)
Tellurium- 132 Ci (1) (1) (1) (1)
Iodine- 131 Ci (1) (1) 1.21E-04 1.41E-04
Iodine - 132 Ci (1) (1) (1) (1)
Iodine - 133 Ci (1) (1) 3.20E-05 7.06E-06
Iodine - 135 Ci (1) (1) (1) (1)
Cesium - 134 Ci (1) (1) 4.89E-05 5.40E-05
Cesium- 136 Ci (1) (1) (1) (1)
Cesium - 137 Ci (1) (1) 1.01E-04 1.12E-04
Barium- 140 Ci (1) (1) (1) (1)
Lanthanum- 140 Ci (1) (1) (1) 6.83E-05
Cerium- 144 Ci (1) (1) (1) (1)
Europium - 154 Ci (1) (1) (1) (1)
Europium- 155 Ci (1) (1) (1) 4.29E-05
Tungsten- 187 Ci (1) (1) 7.15E-06 (1)
Total For Period Ci (1) (1) 5.61E-02 2.64E-02
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 2B - REG GUIDE 1.21
LIQUI) EFFLUENTS

CONTINUOUS MODE BATCH MODE
1ST 2ND 1ST 2ND

NUCLIDES RELEASED Units QUARTER QUARTER QUARTER QUARTER
Krypton- 85 Ci (1) (1) 1.63E-02 (1)
Xenon- 131m Ci (1) (1) 3.22E-03 (1)
Xenon - 133 Ci (1) (1) 8.03E-02 2.90E-04
Xenon- 133m Ci (1) (1) 3.81E-04 (1)
Xenon-135 Ci (1) (1) (1) (1)
Total For Period Ci (1) (1) 1.OOE-01 2.90E-04

| CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 4TH

NUCLIDES RELEASED Units QUARTER QUARTER QUARTER QUARTER
Krypton- 85 Ci (1) (1) (1) (1)
Xenon-131m Ci (1) (1) (1) (1)
Xenon - 133 Ci (1) (1) 2.56E-03 1.82E-02
Xenon - 133m Ci (1) (1) (1) 7.58E-05
Xenon - 135 Ci (1) (1) (1) 8.54E-05
Total For Period Ci (1) (1) 2.56E-03 1.84E-02

NOTES TO TABLE 2B

(1) Less than minimum detectable activity which meets the LLD requirements of ODCM Surveillance
Requirement 4.1 1.1.1.1.

(2) Continuous mode effluents are not analyzed for Fe-55.
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

TABLE 3A
CALVERT CLIFFS NUCLEAR POWER PLANT

EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT
2002

SOLID WASTE AND IRRADIATED FUEL SHIPMENTS
A. SOLID WASTE SHIPPED OFFS1TE FOR BURIAL OR DISPOSAL (NOT IRRADIATED

FUEL)

1. Type of Waste Units 12-Month Period Est. Total Error %
a) Dewatered spent resin m' 5.58E+00 2.OOE+01

Ci 1.14E+02
b) Dry compressible waste, me 5.21E+02 5.00E+01

contaminated equipment, Ci 6.OOE-01
etc.

c) Irradiated components, m' 0.00E+00 N/A
control rods, etc. Ci 0.OOE+00

d) Other (Cartridge Filters) mI 0.00E+00 N/A
Ci 0.00E+00

(b.) Volume shipped represents waste generated prior to offsite volume reduction.

2. Estimate of Major Nuclides (By Type of Waste - Only nuclides >1 % are reported)

a) Mn-54
Fe-55
Co-58
Co-60
Ni-63
Cs-134
Cs-137

b) Cr-51
Mn-54
Fe-55
Co-58
Co-60
Ni-63
Nb-95
Zr-95
Cs-137

1.71E+00%
8.42E+00%
4.63E+01%
4.47E+00%
8.12E+00%
9.97E+00%
1.74E+01%

1.06E+01%
2.02E+00%
2.59E+01%
2.95E+01%
7.56E+00%
6.17E+00%
8.1 lE+00%
5.29E+00%
1.26E+00%

c) N/A

d) N/A
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CALVERT CLIFFS NUCLEAR POWER PLANT
EFFLUENT AND WASTE DISPOSAL 2002 ANNUAL REPORT

3. Solid Waste Disposition

Number of Shipments Mode of Transportation Destination

2 Motor Surface Transit Chem. Nuclear Systems, Inc.
Barnwell, SC

3 Motor Surface Transit Duratek
Oak Ridge, TN

11 Motor Surface Transit Envirocare
Clive, Utah

TYPE WASTE: DAW
10 CFR PART 61 WASTE CLASS: A
SOURCE OF WASTE: Radiologically Controlled Areas
SHIPPING CONTAINER: 20' or 40'Sealand Containers, B-25 Metal Boxes, and 55-Gallon Drums
TOTAL CURIE QUANTITY: 0.6 Ci

HOW DETERMINED: Dose to curie analysis, conversion by volume based on generic
distribution and scaling factors

TOTAL SHIPPED WASTE VOLUME: 18,411 ft3

HOW DETERMINED: Container volume and number of containers shipped
SOLIDIFICATION AGENT OR ABSORBENT: None

TYPE WASTE: Dewatered Resin
10 CFR PART 61 WASTE CLASS: A (S), and B
SOURCE OF WASTE: Liquid Waste Processing Systems
SHIPPING CONTAINER: 8-120 High Integrity Container shipped in a 8-120A or 8-120B Shipping
Cask
TOTAL CURIE QUANTITY: 114 Ci

HOW DETERMINED: Gamma scan analysis using resin sample, conversion by weight based
on radionuclide distribution and scaling factors. Also, dose - curie
relationship assuming resin radionuclide distribution

TOTAL SHIPPED WASTE VOLUME: 197 ft3
HOW DETERMINED: Waste volume determined by mass and assumed density of dewatered

resin
SOLIDIFICATION AGENT OR ABSORBENT: None

4. N/A
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S PART 1.0: PURPOSE AND APPLICABILITYISCOPE

PURPOSE

A. The ODCM lists the radiological effluent controls established at Calvert Cliffs Nuclear
Power Plant (CCNPP) for the purpose of ensuring the amount of radioactive materials
released to the environment are as low as reasonably achievable.

B. The ODCM defines parameters and methodologies for calculating projected doses and
dose rates resulting from the release of radioactive materials in liquid and gaseous
effluents.

C. The ODCM defines parameters and methodologies for calculating alarm and fixed
setpoints for Technical Specification related radiation effluent monitoring systems.

D. The ODCM defines and establishes controls for the Radiological Environmental
Monitoring Program.

APPLICABIUTYISCOPE

A. The informatIon presented in this manual is applicable to any division, department,
section, or unit within the Calvert Cliffs Nuclear Power Plant (CCNPPI) which Is either
wholly or partly responsible for perfonning any of the activities listed in the PURPOSES
section of this procedure. Responsible organizations include, but are not limited to, the
following:

1. CCNPPI, CHEMISTRY SECTION

2. BGE, Fossil Energy Division, Technical Services Section, Chemistry Unit

3. CCNPPI, Electrical and Controls (E&C) Section

4. CCNPPI, Operations Section

5. CCNPPi, 0adaion Safety Section

B. This manual Is applicable to the determination of alarm and fixed setpoints for the
following radioactive gaseous effluent monitoring instrumentation:

1. O-RE-2191

2. 112-RE-5415

3. 112-RE-5416

C. This manual is applicable to the determination of alarm and fixed setpoints for the
following radioactive liquid effluent monitoring instrumentation:

1. O-RE-2201

2. 112-RE-4014

3. 1/2-RE4095
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D. This manual Is eppricable to the determination of the offslte doses and/or offste, dose
rates due to the following:

I1. Radioactive material In gaseous waste discharged from CCNPP

.2. Radioactive material In liquid waste discharged from CCNPP

3. Radioactive material contained In outside storage tanks at CCNPP

E. This manual Is applicable to the determination of the radiological effects on the
environment due to the presence of Calvert Cliffs Nuclear Power Plant.

F. The ODCM Is based on Technical Specifications, CCNPP's Interpretation of Industry
standards end practices, and recommendations made by Combustion Engineering.

0
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* PART 2.0: DEFINITIONS AND REFERENCES

DEFINITIONS

The defined terms of this section appear In capitalized type and are applicable throughout these Controls.

ABNORMAL AND/OR UNANTiCIPATED RADIOACTIVE RELEASE:
Any unplanned or uncontrolled release of radioactive material from the SiTE BOUNDARY.

ACTION:

That part of a control which prescribes remedial measures required under designated conditions.

BATCH RELEASE:

A BATCH RELEASE Is the discharge of liquid (or gaseous) waste of a discrete volume. (NUREG-0133,
page 14)

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 sensor and
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 detennination shall Include, where possible, .compauison 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. An analog 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
andfor trip functions.

b. A bistable CHANNEL FUNCTIONAL TEST shall be injection of a simulated signal Into the
channel sensor to verify OPERABILITY Including alarm and/or trip functions.

COMPOSITE SAMPLE:

A COMPOSITE SAMPLE Is a combination of Individual samples obtained at intervals that are very short
(e.g., hourly) in relation to the composing time interval (e.g., monthly) to assure obtaining a
representative sample. The sample volume should be proportionate to the volume of fluid, either liquid or
gas, flowing through the system.

CONTINUOUS RELEASE

A CONTINUOUS RELEASE Is the discharge of liquid (or gaseous) wastes of a nondiscrete volume; e.g., from a
volume or system that has an Inputflow during the CONTINUOUS RELEASE. (NUREG-0133, P. 14.)
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CONTINUOUS SAMPLING FREQUENCY
A CONTINUOUS SAMPLING FREQUENCY Is a sampling arrangement that provides for uninterrupted
sampling flow under normal operating conditions. During periods of sampling Interruption, the
requirement for continuous sampling Is considered to be met, provided the Interruption is less than one
hour AND plant conditions are such that no adverse trend In effluents would be present during the period
of Interruption. Interruptions in continuous sampling during changing plant conditIons OR Interruptions In
continuous sampling for greater than one hour must be evaluated to determine If an ODCM violation has
occurred.
DOSE EQUIVALENT IODINE-131:
DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (microcuries per gram) which alone would
produce the same thyroid dose as the quantity and Isotopic mixture of 1-131. 1-132, 1-133,1-134, and 1-135
actually present The thyroid dose conversion factors used for this calculation shall be those listed in Table
111 of TID-14844, mCalculation of Distance Factors for Power and Test Reactor Sites."
FREQUENCY NOTATION:
The frequency notation specified for te performance of Surveillance Requirements shall correspond to
the intervals defined In the folowing Table.

Freguentf Notation Table
NOTATION FREQUENCY

S At least once per 12 hours

D At least once per 24 hours

W At least once per 7 days

M ~AtJeast once per 31 days

Q At least once per 92 days

SA At least once per 6 months

R Atleast once per 18 months

SU Prior to each reactor startup

P Completed prior to each release

NAe Not applicable

Refueling Interval At least once per 24 months
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. GAMMA ISOTOPIC ANALYSIS:
A GAMMA ISOTOPIC ANALYSIS is a analytical method of measurement used for the identification and
quantification of gamma-emitting radionuclides.

GASEOUS RADWASTE PROCESSING SYSTEM:

A GASEOUS RADWASTE PROCESSING SYSTEM Is any system designed and installed to reduce
radioactive gaseous effluents by collecting primary coolant system offgases from the primary system and
providing for delay or holdup for the purpose of reducing the total radioactivity prior to release to the
environment.

GSC:

GSC stands for General Supervisor Chemistry.

LIQUID RADWASTE PROCESSING SYSTEM:

A LIQUID RADWASTE PROCESSING SYSTEM is the system Installed and designed to reduce
radioactive liquid effluents. The minimum components necessary for reducing liquid radioactive effluents
is either 13 or 14 Reactor Coolant Waste Ion Exchange; however, other equipment In the system may be
used in the maintenance of ALARA for liquid radioactive effluents.

LOWER LIMIT OF DETECTION:
The LLD is the smallest concentration of radioactive material In a sample that win yield a net count, above
system background, that will be detected with 95% probability with only 5% probability of falsely
concluding that a blank observation represents a "real signal.

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

OFFSITE DOSE CALCULATION MANUAL:

The OFFSITE DOSE CALCULATION MANUAL (ODCM) shall contain the methodology and parameters used
In the calculation of offsite doses resulting from radloactive gaseous and liquid effluents, in the calculation of
gaseous and liquid effluent monitoring alarm and fixed setpoints, and In the conduct of the Environmental
Radiological Monitoring Program. The ODCM shall also contain the radioactive effluent controls, radiological
environmental monitoring activities, and descriptions of the Information that should be Included in the Annual
Radiological Environmental Operating and Radioactive Effluent Release Reports required by Technical
Specification 6.6.2 (improved Technical Specification 5.62) and 6.6.3 (improved Technical Specification 5.6.3).

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, normal and emergency electrical power sources, cooling or seal water,
lubrication or other required auxiliary equipment Ihat are required for the system, subcomponent or device to
perform its function(s) are also capable of performing their related support function(s).

OPERAllONAL MODE:

An OPERATIONAL MODE shall correspond to any one inclusive combination of core reacthdty condition,
power level and average reactor coolant temperature specified In below.
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Operational Modes
% RATED

REACTIVITY THERMAL AVERAGE COOLANT
MODE CONDITION, KeLr POWER* TEMPERATURE

POWER OPERATION a-0Q99 >5% i300 'F

STARTUP x0.99 -s% 300 *eF

HOT STANDBY <0.99 0 a00 *F

HOTSHUTDOWN <0.99 0 300 F>Taw 200 F

COLD SHUTDOWN <0.99 0 z200 'F

REFUELING** 0.95 0 s140 'F
Excluding dea heat
Reactor vess head usbolted or removed and In the vessel.

PROCESS CONTROL PROGRAM:

PROCESS CONTROL PROGRAM shall contain the current formula, sampling, analyses, tests, and
determinations to be made to ensure that the processing and packaging of solid radioactive wastes based
on demonstrated processing of actual or simulated wet solid wastes will be accomplished In such a way
as to assure compflance with 10 CFR Part 20, 10 CFR Part 71 and Federal and State and Local
regulations governing the disposal of the radioactive waste. C

PROJECTED DOSE:
0

A reasonable estimate of dose expected as a result of future radioactive releases.

PURGE OR PURGING:

PURGE or PURGING is the controlled process of discharging air or gas from a confinement to maintain
temperature, humidity, concentration, or other operating condition, in such a manner that replacement air
or gas Is required to purify the confinement.

RATED THERMAL POWER:

RATED THERMAL POWER shall be a total reactor core heat transfer rate to the reactor coolant of 2700
MWL

SIMULTANEOUS RELEASES:
Simultaneous liquid releases are discharges of liquid radwaste which occur at the same time.
Simultaneous gaseous releases are discharges of gaseous radwaste which occur at the same time
excluding main vent discharges.

SITE BOUNDARY:

The SITE BOUNDARY shall be that line beyond which the land is neither owned, nor leased, nor
otherwIse controlled by the licensee.
(The SITE BOUNDARY is depicted on Attachment 18, "Environmental Monitoring Sites')

SOURCE CHECK:

A SOURCE CHECK shall be the qualitative assessment of channel response when the channel sensor Is
exposed to a source of Increased radioactivity.

THERMAL POWER:

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

TYPICAL RADWASTE RELEASES (OR TYPICAL RADWASTE EFFLUENTS):

TYPICAL RADWASTE RELEASES are defined as (1) all releases conducted during any calendar quarter
while either Unit i or Unit 2 Is In mode 1, and also includes (2) all releases conducted during any calendar
quarter following mode I operation of either Unit 1 or Unit 2.
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UNRESTRICTED AREA:
An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY access to which Is not
controlled by the licenses for purposes of protection of Individuals from exposure to radiation and
radioactive materiats, or any area within the SITE BOUNDARY used for residential quarters of/for
Industrial, commercial, institutional, and/or recreational purposes.

VENTILATION EXHAUST PROCESSING SYSTEM:
A VENTILATION EXHAUST PROCESSING SYSTEM is any system designed and installed to reduce
gaseous radiciodine or radioactive material in particulate form in effluents by passing ventilation or vent
exhaust gases through charcoal adsorbers and/or High Efficiency Particulate Air (HEPA) filters for the
purpose of removing lodines or particulates from the gaseous exhaust stream prior to the release to the
environment. Such a system is not considered to have any effect on noble gas effluents. Engineered
Safety Feature (ES F) atmospheric cleanup systems are not considered to be VENTILATION EXHAUST
TREATMENT SYSTEM components.

VENTING:

VENTING Is the controlled process of discharging air or gas from a confinement to maintain temperature,
pressure, humidity, concentration or other operating condition, In such a manner that replacement air or
gas is not provided or required during VENTING. Vent, used in system names, does not imply a
VENTING process.

WASTE GAS HOLDUP SYSTEM:

See GASEOUS RADWASTE PROCESSING SYSTEM.

0
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PART 3.014.0: CONTROLS AND SURVEILLANCE REQUIREMENTS

CONTROLS

3.0.1 Compliance with the Controls contained in the succeeding controls is required during the
OPERATIONAL MODES or other conditions specified therein; except that upon failure to meet
the Control, the associated ACTION requirements shall be met.

3.0.2 Noncompliance with a Control shall exist when the requirements of the Control and
associated ACTION requirements are not met within the specified time intervals. If the Control
Is restored prior to expiration of the specified time intervals, completion of the ACTION
requirements is not required.

3.0.3 When a Control is not met, except as provided in the associated ACTION requirements,
within one hour ACTION shall be initiated to place the unit in a MODE in which the control does
not apply by placing it, as applicable, in:

1. At least HOT STANDBY within the next 6 hours,

2. At least HOT SHUTDOWN within the following 6 hours, and

3. At least COLD SHUTDOWN within the subsequent 24 hours.

Where corrective measures are completed that permit operation under the ACTION
requirements, the ACTION may be taken in accordance with the specified time limits as
measured from the time of failure to meet the Control. Exceptions to these requirements are
stated in the individual controls.

3.0.4 Entry into an OPERATIONAL MODE or other specified condition shall not be made
unless the conditions of the Control are met without reliance on provisions contained in the
ACTION requirements. This provision shall not prevent passage through OPERATIONAL
MODES as required to comply with ACTION requirements. Exceptions to these requirements
are stated in the individual controls.

3.0.5 When a system, subsystem, train, component or device is determined to be Inoperable
solely because its emergency power source is Inoperable, or solely because Its normal power
source is inoperable, it may be considered OPERABLE for the purpose of satisfying the
requirements of its applicable Control, provided: (1) its corresponding normal or emergency
power source is OPERABLE; and (2) all of its redundant system(s), subsystem(s), train(s),
component(s) and device(s) are OPERABLE, or likewise satisfy the requirements of this
specification. Unless both conditions (1) and (2) are satisfied within 2 hours, action shall be
initiated to place the unit in a MODE in which the applicable Control does not apply by placing it,
as applicable in:

1. At least HOT STANDBY within the next 6 hours,

2 At least HOT SHUTDOWN within the following 6 hours, and

3. At least COLD SHUTDOWN within the subsequent 24 hours.

This specification is not applicable in MODES 5 or 6.
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SURVEILLANCE

4.0.1 Surveillance Requirements shall be applicable during the OPERATIONAL MODES or
other conditions specified for Individual Control unless otherwise stated in en Individual
Surveillance Requirement.

4.0.2 Each Surveillance Requirement shall be performed within the specified time Interval with a
maximum allowable extension not to exceed 25 percent of the specified surveillance Interval.

4.0.3 Failure to perform a Surveillance Requirement within the allowed surveillance Interval,
defined by Control 4.0.2, shall constitute noncompliance with the OPERABILITY requirements
for a Control. The time limits of the ACTION requirements are applicable at the time It is
identified that a Surveillance Requirement has not been performed. However, this time of
applicability may be delayed for up to 24 hours to permit the completion of the surveillance
when the allowable outage time limits of the ACTION requirements are less than 24 hours.
Surveillance Requirements do not have to be performed on Inoperable equipment

4.0A Entry Into en OPERATIONAL MODE or other specified condition shall not be made
unless the Surveillance Requirement(s) associated with the Control have been performed within
the stated surveillance interval or as otherwise specified. This provision shall not prevent
passage through or to OPERATIONAL MODES as required to comply with ACTION
requirements.
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MONITORING INSTRUMENTATION

RADIOACTIVE GASEOUS EFFLUENT

CONTROLS

3.3.3.9 The radioactive gaseous effluent monitoring instrumentation channels shown in Table
3.3-12 shall be OPERABLE with their alarm setpoints set to ensure that the limits of Control
3.11.2.1 are not exceeded. In addition, a fixed setpoint Is set to provide for automatic
termination of BATCH RELEASES from the GASEOUS RADWASTE PROCESSING SYSTEM.
The setpoints of these channels shall be determined and adjusted in accordance with the
methodology and parameters in the ODCM.

APPLICABILITY: As shown in Table 3.3-12.

ACTION:

a. With a radioactive gaseous effluent monitoring Instrumentation channel alarm
setpoint less conservative than required by the above Control or with the fixed
setpoint inoperable, without delay 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 3.3-12.
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Annual Radioactive Effluent Release
Report why the inoperabiifty was not corrected In a timely manner.

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

SURVEILLANCE REQUIREMENTS

4.3.3.9 Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the frequencies
shown in Table 4.3-11.
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TABLE 3.3-12
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

INSTRUMENT

1. WASTE GAS HOLDUP SYSTEM

a. Noble Gas Activity Monitor - Providing
Alarm and Automatic Termination of
Release

b. Effluent System Flow Rate Measuring
Device

2. MAIN VENT SYSTEM

a. Noble Gas Activity Monitor

b. Iodine Sampler

c. Particulate Sampler

d. -Tritium Sampler

At all times.

MINIMUM CHANNELS
OPERABLE

* '1

I

I

I

I

APPLICABILITY

*

*

*

*

*

ACTION

35

36

37

38

38

381
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TABLE 3.3-12 (Continued)

ACTION STATEMENTS

ACTION 35- With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, the contents of the
tank(s) may be released to the environment

a. Using the main vent monitor as a backup and recording RMS
readings every 15 minutes during the release, or

b. Provided that prior to initiating the release, at least two independent
samples of the tank's contents are analyzed, and at least two
technically qualified members of the Facility Staff independently
verify the release rate calculations and two qualified operators
verify the discharge valve lineup.

Otherwise, suspend release of radioactive effluents via this pathway.

ACTION 36-

ACTION 37 -

ACTION 38-

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided the flow rate is estimated at least once
per 4 hours.

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided either (1) grab samples are taken and
analyzed for gross activity at least once per 24 hours, or (2) an
equivalent monitor is provided.

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via the
affected pathway may continue provided samples are continuously
collected as required in Table 4.11-2 with auxiliary sampling equipment
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TABLE 4.3-11
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

INSTRUMENT
CHANNEL

CHECK
SOURCE
CHECK

CHANNEL
CALIBRATION

CHANNEL
FUNCTIONAL

TEST

MODES IN
WHICH.

SURVEILLANCE
REQUIRED

1. WASTE GAS HOLDUP
SYSTEM

a. Noble Gas Activity Monitor -
Providing Alarm and
Automatic Termination of
Release

P P R°31 *

b. Effluent System Flow Rate
Measuring Device

2. MAIN VENT SYSTEM

a. Noble Gas Activity Monitor

b. Iodine Sampler

c. Particulate Sampler

d. Tritium Sampler

NA R NA

D M SAX4

W

W

NA

NA

NA

NA

NA

NA

NA

NA

*

*

*

W NA

*

At all times other than when the line is valved out and locked.
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TABLE 4.3-11 (Continued)

TABLE NOTATION

The CHANNEL FUNCTIONAL TEST shall also demonstrate the automatic
isolation of this pathway and/or Control Room alarm annunciation occurs if the
appropriate following condition(s) exists:

1. Instrument indicates measure levels above the alarm or fixed setpoint.

2. Circuit failure.

3. Instrument indicates a downscale failure.

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

1. Instrument indicates measured levels above the alarm setpoint.

2. Circuit failure.

3. Instrument indicates a downscale failure.

(3) The initial CHANNEL CALIBRATION shall be performed using one or more of
the reference standards traceable to NIST or using standards that have been
obtained from suppliers that participate in measurement assurance activities with
NIST. These standards shall permit calibrating the system within Its intended
range of energy and measurement range. For subsequent CHANNEL
CALIBRATION, sources that have been related to the initial calibration can be
used.

(4) The CHANNEL CHECK shall consist of verifying Indication of flow during periods
of release and shall be made at least once per 24 hours during periods in which
effluent releases are made.
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RADIOACTIVE LIQUID EFFLUENT

CONTROLS

3.3.3.10 The radioactUve liquid effluent monitoring Instrumenttion channels shown in Table
3.3-13 shall be OPERABLE with their alarm setpoints set to ensure that the limits of Control
3.1 1.1.1 are not exceeded. In addition, a fixed setpolnt is set to provide for automatic
termination of releases from the LIQUID RADWASTE PROCESSING SYSTEM and the steam
generator blowdown system. The setpolnts of these channels shall be determined and
adjusted In accordance with the methodology and parameters In the OFFSITE DOSE
CALCULATION MANUAL (ODCM).

APPLICABILITY: As shown In Table 3.3-13.

ACTIONS

a. With a radioactive liquid effluent monitoring instrumentation channel alarm/Arip
setpolnt less conservative than required by the above Control or with the fixed
setpoint Inoperable, without delay suspend the release of radioactive liquid
effluents monitored by the affected channel, or declare the channel Inoperable,
or change the setpolnt 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 3.3-13.
Exert best efforts to return the Instruments to OPERABLE status within 30 days
and, If unsuccessful, explain In the next Annual Radioadtive Effluent Release
Report why the Inoperability was not corrected in a timely manner.

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

SURVEILLANCE REQUIREMENTS

4.3.3.10 Each radioactive liquid effluent monitoring instrumentation channel shagl be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the frequencies
shown In Table 4.3-12.
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TABLE 3.3-13

RADIOACTIVE LIQUID EFFLUENT MONITORING

Page 22 of 325

INSTRUMENTATION

INSTRUMENT

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

a. Liquid Radwaste Effluent Line

b. Steam Generator Blowdown Effluent Line

2. FLOW RATE MEASUREMENT DEVICES

a. Liquid Radwaste Effluent Line

b. Steam Generator Blowdown Effluent Line

MINIMUM
CHANNELS
OPERABLE

1

1

I

I

APPLICABILITY

(1)

(2)

(1)

(2)

ACTION

28

29

30

30

Note: (1) At all times.
(2) At all times while process flow is present.
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TABLE 3.3-13 (Continued)

ACTION STATEMENTS

ACTION 28- With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases may
continue provided that prior to Initiating a release:

a. At least two Independent samples are analyzed in accordance with
Control 4.11.1.1.1, and

b. At least two technically qualified members of the Facility Staff
Independently verify the release rate calculations and two qualified
operators verify the discharge valve line up.

ACTION 29 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided grab samples are analyzed for gross
radioactivity (beta or gamma) at the LOWER LIMIT OF DETECTION
defined in Table 4.11 -1:

a. At least once per 12 hours when the specific activity of the
secondary coolant Is greater than 0.01 microcurie/gram DOSE
EQUIVALENT 1431.

b. At least once per 48 hours when the specific activity of the
secondary coolant Is less than or equal to 0.01 mlcrocurie/gram
DOSE EQUIVALENT 1-131.

ACTION 30- With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided the flow rate is estimated at least once
per4 hours during actual releases. Pump performance curves may be
used to estimate flow.
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TABLE 4.3-12
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

INSTRUMENT

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

a. Liquid Radwaste Effluent Line

b. Steam Generator Blowdown Effluent Line

2. FLOW RATE MEASUREMENT DEVICES

a. Liquid Radwaste Effluent Line

b. Steam Generator Blowdown Effluent Line

CHANNEL
CHECK

D

D

SOURCE CHANNEL
CHECK CALIBRATION

CHANNEL
FUNCTIONAL

TEST

P

P

NA

NA

R

R

NA

NA
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TABLE 4.3-12 (Continued)

TABLE NOTATION

(I) The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic
isolation of this pathway and/or Control Room alarm annunciation occur If the
appropriate following condition(s) exists:

1. Instrument indicates measured levels above the alarm or fixed setpoint

2. Circuit failure.

3. Instrument indicates a downscale failure.

(2) The Initial CHANNEL CALIBRATION shall be perforned using one or more of
the reference standards traceable to NIST or using standards that have been
obtained from suppliers that participate In measurement assurance activities with
NIST. These standards shall permit calibrating the system within Its intended
range of energy and measurement range. For subsequent CHANNEL
CAUBRATION, sources that have been related to the Initial calibration can be
used.

(3) CHANNEL CHECK shall consist of verifying Indication of flow during periods of
release. CHANNEL CHECK shall be made at least once per 24 hours during
periods In which effluent releases are made.
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RADIOACTIVE EFFLUENTS

LIQUID EFFLUENTS:

Concentration

CONTROLS

3.11.1.1 The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS shall be limited to the concentrations specified in 10 CFR Part 20,
Appendix B. Table II, Column 2 for radionuclides other than dissolved or entrained noble gases.

APPLICABILITY: At all times.

ACTION:

a. With the concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS exceeding the above limits, without delay restore the
concentration to within the above limis.

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

SURVEILLANCE REQUIREMENTS

4.11.1.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the sampling
and analysis program of Table 4.11-1.

4.11.1.1.2 The results of the radioactivity analyses shall be used in accordance with the
methodology and parameters in the ODCM to assure that the concentrations at the point of
release are maintained within the limits of Control 3.11.1.1.
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TABLE 4.11.1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

LOWER LIMIT
OF

MINIMUM DETECTION
LIQUID RELEASE SAMPUNG ANALYSIS TYPE OF ACTITY (LLD)

TYPE. FREQUENCY FREQUENCY ANALYSIS (MCIIMD
A. Batch Waste P P Prilncipal Gamma 5x107

Releasesb Each Batch Each Batch Emitters'
1-131 1x1OF
Mo-99, Ce-i44 2x1O'

P M H-3 1x1O*
Each Batch Composited Gross Alpha 1x1

P Q
Each Batch Composited Sr-89, Sr-90 5x1O

B. Turbine M M Principal Gamma 5x10-
Building
Sump

Emitters

1-131
Mo-99, Ce-144

l-xi 0.
2T10--T
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TABLE 4.11-1 (Continued)

TABLE NOTATION

The LLD is defined, for purposes of these controls, as the smallest concentration
of radioactive material inma sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

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

LLD ~~~~4 .66 sj,

EE * V 2.22 x JO' * Y * exp(-XAAt)

Where:

LLD is the "a prior" LOWER LIMIT OF DETECTION as defined above, as
microcuries per unit mass or volume,

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

E is the counting efficiency, as counts per disintegration,

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

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

Y is the fractional radiochemical yield, when applicable,

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

At Is the elapsed time between sample collection, or end of the sample
collection period, and time of counting.

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

It should be recognized that the LLD is defined as an a prior (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.
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TABLE 4.11.1 (Continued)

TABLE NOTATION

b Prior to sampling Reactor Coolant Waste and Miscellaneous Waste for analyses,
each batch shall be isolated, and then thoroughly mixed to assure representative
sampling.

C The principal gamma emitters for which the LLD control applies exclusively are
the following radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Cs-134, Cs-137
and Ce-141. This list does not mean that only these nuclides are to be
considered. Other gazmma peaks that are Identifiable, together with those of the
above nucildes, shall also be analyzed and reported in the Annual Radioactive
Effluent Release Report pursuant to Technical Specification 6.6.3 (Improved
Technical Specification 5.6.3).

A COMPOSITE SAMPLE is one In which the quantity of liquid sampled Is
proportional to the quantity of liquid waste discharged in which the method of
sampling employed results In a specimen that Is representative of the liquids
released.
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LIQUID EFFLUENTS:

nDose

CONTROLS

3.11.1.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive
materials in liquid effluents released to UNRESTRICTED AREAS shall be limited:

a. During any calendar quarter to less than or equal to 3.0 mrems to the total body
and to less than or equal to 10 mrems to any organ, and

b. During any calendar year to less than or equal to 6 mrems to the total body and
to less than or equal to 20 mrems to any organ.

APPLICABILITY: At all times.

ACTION:

a. With the calculated dose from the release of radioactive materials in liquid
effluents exceeding any of the above limits, prepare and submit to the
Commission pursuant to 10 CFR 50.4 within 30 days a Special Report that
identifies the cause(s) for exceeding the limit(s) and defines the corrective
ACTIONs that have been taken to reduce the releases and the proposed
corrective ACTIONs to be taken to assure that subsequent releases will be in
compliance with the above limits.

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

SURVEILLANCE REQUIREMENTS
.

4.11.1.2 Cumulative dose contributions from liquid effluents for the current calendar quarter
and the current calendar year shall be determined in accordance with the methodology and
parameters in the ODCM at least once per 31 days.
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LIQUID EFFLUENTS:

LIquld Radwaste Processing System

CONTROLS

3.11.1.3 The UQUID RADWASTE PROCESSING SYSTEM shal be used to reduce the
radioactive materials in liquid wastes prior to their discharge when the calculated doses due to
the liquid effluent to UNRESTRICTED AREAS exceeds 0.36 mren to the total body or 1.20
mrem to any organ In a 92 day period.

APPLICABILITY: At all times.

ACTION:

a. With radioactive liquid waste being discharged without processing and in excess
of the above imits, prepare and submit to the Commission pursuant to 10 CFR
50.4 within 30 days a Special Report that Includes the following Information:

1. Explanation of why liquid radwaste was being discharged without
processing, Identification of any Inoperable equipment or subsystems,
and the reason 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.

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

SURVEILLANCE REQUIREMENTS

4.11.1.3 Doses over a 92-day period due to riquId releases to UNRESTRICTED AREAS shall
be calculated at least once per 31 days In accordance with the methodology and parameters in
the ODCM.
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GASEOUS EFFLUENTS:

Dose Rate

CONTROLS

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

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

b. For iodine-1 31 and for ail radionuclides in particulate form with half lives greater
than 8 days: Less than or equal to 1500 mrems/yr to any organ.

APPLICABILITY: At all times.

ACTION:

a. With the dose rate(s) exceeding the above limits, without delay restore the
release rate to within .the above limit(s).

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

SURVEILLANCE REQUIREMENTS

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

4.11.2.1.2 The dose rate due to Iodine-1 31 and all radionuclides in partidulate form with half
lives greater than 8 days in gaseous effluents shall be determined to be within the above limits
in accordance with the methodology and parameters in the ODCM by obtaining representative
samples and performing analyses in accordance with the sampling and analysis program
specified In Table 4.11-2.
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TABLE 411-2

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

LOWER UMdF OF
SAMPLING MINIMUM ANALYSIS DETECTION (LLD)

GASEOUS RELEASE TYPE FREQUENCY FREQUENCY TYPE OF ACTIVITY ANALYSIS (PClfml)

A. Waste Gas P P Principal Gamma Emlttersb 1 xI
Storage1 Tank Each Tank Each Tank (Gaseous Emissions Only)

Grab Sample

B. Containment Purge P P Principal Gamma Emittersb 1 x 10
and Vent Each Batch Each Batch (Gaseous Emissions Only)

Grab Sample

C. Main Vent &f Mc Principal Gamma Emittersb 1x iOe
Grab Sample (Gaseous Emissions Only)

Continuous6 M H-3 I x 10i
Conffnuous. W 1-131 1 xlO1 2

Charcoal Sample *

Continuous" W Principal Gamma Emfttersb 1 x
Particulate (1-131, others)
Sample,

Continuousd M Gross Alpha .x 10"
Composite
Perfftulte
Sample

Continuous" Sr-89, Sr90 I x lo-,
Composite
Particulate

Sample

Continuousd Noble Gas Noble Gases lx 10t4
Monitor Gross Beta or Gamma

D. Incinerated OR" P P PrincipalGammaEmiters 5x1S
Each Batch" Each BaWhP
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* TABLE 4.11-2 (Continued)

TABLE NOTATION

a The LLD is defined, for purposes of these controls, as the smallest concentration
of radioactive material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real signal.

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

LLD = 4.66sb
E. V. 2.22 x 106 v Ye exp(-AAt)

Where:

LLD is the "a priori"s LOWER LIMIT OF DETECTION as defined above, as
microcuries per unit mass or volume,

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

E is the counting efficiency, as counts per disintegration,

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

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

Y is the fractional radiochemical yield, when applicable,

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

At for plant effluents is the elapsed time between sample collection or end of
the sample collection period, and time of counting.

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

It should be recognized that the LLD is defined as an a Priori (before the fact)
limit representing the capability of a measurement system and not as an a
posteriori (after the fact) limit for a particular measurement
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TABLE 4.11-2 (Continued)

TABLE NOTATION
The principal gamma emitters for which the LLD control applies exclusively are
the following radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-
138 for. gaseous emissions and Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-
134, Cs-1 37, Ce-141 and Ce-144 for particulate emissions. This list does not
mean that only these nuclides are to be considered. Other gamma peaks that
are Identifiable, together with those of the above nuclides, shall also be analyzed
and reported In the Annual Radioactive Effluent Release Report pursuant to
Technical Specification 6.6.3 (Improved Technical Specification 5.6.3).

C Sampling and analysis shall also be performed following shutdown, STARTUP,
or a THERMAL POWER change exceeding 15 percent of RATED THERMAL
POWER within one hour unless (1) analysis shows that the DOSE
EQUIVALENT 1-131 concentration In the primary coolant has not Increased more
than a factor of 5, and (2) the noble gas activity monitor shows that effluent
activity has not Increased by more than a factor of 5.

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 3.11.2.1, 3.11.2.2 and 3.11.2.3.

Samples shall be changed at least once per 7 days and analyses shall be
completed wIthin 48 hours after changing, or after removal from sampler. When
sample collection time Is less than seven days, the corresponding LLDs may be
increased by a proportional factor.

Collect sample and analyze daily for total Curie content per Technical
Specification 3.11.12 (Technical Requirements Manual 9.112.1) when the
Reactor Coolant System specific actty of Xe- 33 is greater than 150 uCi/ml.

9 Incinerated oil may be discharged via points other than the main vent (e.g.,
Auxiliary Boller). Releases shall be accounted for based on pre-release grab
sample data.

Samples for Incinerated oil releases shall be collected from and representative of
filtered oil in liquid form.
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GASEOUS EFFLUENTS:

Dose - Noble Gases

CONTROLS

3.11.2.2 The air dose due to noble gases released in gaseous effluents to areas at and
beyond the SITE BOUNDARY (see figure in UFSAR Chapter 1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 10 mrads for gamma
radiation and less than or equal to 20 mrads for beta radiation and,

b. During any calendar year: Less than or equal to 20 mrads for gamma radiation
and less than or equal to 40 mrads 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, prepare and submit to the Commission
pursuant to 10 CFR 50.4 within 30 days a Special Report that identifies the
cause(s) for exceeding the lirnit(s) and defines the corrective ACTIONs that have
been taken to reduce the releases and the proposed corrective ACTIONs to be
taken to assure that subsequent releases will be in compliance with the above
limits.

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

SURVEILLANCE REQUIREMENTS

4.11.2.2 Cumulative dose contributions for the current calendar quarter and current calendar
year for noble gases shall be determined In accordance with the methodology and parameters
in the ODCM at least once per 31 days.
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GASEOUS EFFLUENTS:

pose - Iodine-131 & Radionuclides In Particulate Form

CONTROLS

3.11.2.3 The dose to a MEMBER OFTHE PUBLIC from Iodine-131 and as radionuclides in
particulate form with half lives greater than 8 days in gaseous effluents released to areas at and
beyond the SITE BOUNDARY (see figure In UFSAR Chapter 1) shall be limited to the following:

a. During any calendar quarter. Less than or equal to 15 mtems to any organ and,

b. During any calendar year. Less than or equal to 30 mrems to any organ.

C. Less than 0.1% of the limits of 3.11.2.3(a) and (b) as a result of burning
contaminated oil.

APPLICABILIY: At all times.

ACTION:

a. With the calculated dose from the release of iodine-1 31 and radionuclides in
particulate form with half lives greater than B days, in gaseous effluents
exceeding any of the above imits, prepare and submit to the Commission
pursuant to 10 CFR 50.4 within 30 days a Special Report that Identifies the
cause(s) for exceeding the limit and defines the corrective ACTIONs that have
been taken to reduce the releases and the proposed corrective ACTIONs to be
taken to assure that subsequent releases will be In compliarce with the above
limits.

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

SURVEILLANCE REQUIREMENTS

4.112.3 Cumulative dose contributions for the current calendar quarter and the current
calendar year for Todine-1 31 and radionuclides In particulate form with half lives greater than 8
days shall be determined In accordance with the methodology and parameters in the ODCM at
least once per 31 days.
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GASEOUS EFFLUENTS:

Gaseous Radwaste Processing System

CONTROLS

3.11.2.4 The GASEOUS RADWASTE PROCESSING SYSTEM and the VENTILATION
EXHAUST TREATMENT SYSTEM shall be used to reduce radioactive materials in gaseous
waste prior to their discharge when the gaseous effluent air doses due to gaseous effluent
releases, to areas at and beyond the SITE BOUNDARY (see figure In UFSAR Chapter 1)
exceeds 1.20 mrad for gamma radiation and 2.4 mrad for beta radiation In a 92 day period.
The VENTILATION EXHAUST PROCESSING SYSTEM shall be used to reduce radioactive
materials in gaseous waste prior to their discharge when the calculated doses due to gaseous
effluent releases, to areas at and beyond the SITE BOUNDARY (see figure in UFSAR Chapter
1) exceeds 1.8 mrem to any organ in a 92 day period.

APPUCABILITY: At all times.

ACTION:

a. With gaseous waste being discharged without processing and in excess of the
above limits, prepare and submit to the Commission pursuant to 10 CFR 50.4
within 30 days a Special Report that includes the following information:

1. Explanation of why gaseous radwaste was being discharged without
processing, Identification of any inoperable equipment or subsystems,
and the reason 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.

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

SURVEILLANCE REQUIREMENTS

4.11.2.4 Doses over a 92-day period due to gaseous releases shall be calculated at least once i"
per 31 days in accordance with the methodology and parameters in the ODCM.C
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TOTAL DOSE

CONTROLS

3.11.4 The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBUD due to releases of radioactivity and to radiation from uranium fuel cycle sources shall
be limited to less than or equal to 25 mrems to the total body or any organ, except the thyroid,
which shall be limited to less than or equal to 75 mrems.

APPUICABILITY: At all times.

ACTION:

a. With the calculated doses from the release of radioactive materials In liquid or
gaseous effluents exceeding twice the limits of Control 3.11.1.2.a, 3.11.12.b,
3.11.2.2.a, 3.11.2.2.b. 3.11.2.3.a, or 3.11.2.3.b, calculations shall be made
Including direct radiation contributions from the reactor units and outside storage
tanks to determine whether the above limits of Control 3.11.4 have been
exceeded. If such is the case, prepare and submit to the Commission pursuant
to 10 CFR 50.4 within 30 days a Special Report that defines the corrective
ACTION to be taken to reduce subsequent releases to prevent recurrence of
exceeding the above limits and Includes the schedule for achieving conformance
with the above limits. This Special Report, as defined in 10 CFR 20A05c, shall
Include an analysis that estimates the radiation exposure (dose) to a MEMBER
OF THE PUBLIC from uranium fuel cycle sources, Including anl effluent
pathways and direct radiation, for the calendar year that includes the release(s)
covered by this report. It shall also describe levels of radiation and
concentrations of radioactive material involved, and the cause of the exposure
levels or concentrations. If the estimated dose(s) exceeds the above limits, and
if the release condition resulting In violation of 40 CFR Part 190 has not already
been corrected, the Special Report shall include a request for a variance In
accordance with the provisions of 40 CFR Part 190. SubmIttal of the report Is
considered a Omely request, and a variance is granted until staff ACTION on the
request Is complete.

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

SURVEILLANCE REQUIREMENTS

4.11.4.1 Cumurlative dose contributions from liquid and gaseous effluents shall be determined
in accordance with Controls 4.11.1.2, 4.11.2.Z and 4.11.23, and In accordance with the
methodology and parameters in the ODCM.

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

PROGRAM

CONTROLS

3.12.1 The radiological environmental monitoring program shall be conducted as specified in
Table 3.12-1.

APPLICABILITY: At all times.

ACTION:

a. With the radiological environmental monitoring program not being conducted as
specified in Table 3.12-1, prepare and submit to the Commission, in the Annual
Radiological Environmental Operating Report required by Technical Specification
6.6.2 (Improved Technical Specification 5.6.2), a description of the reasons for
not conducting the program as required and the plans for preventing a
recurrence.

b. With the level of radioactivity as the result of plant effluents in an environmental
sample at a specified location exceeding the reporting levels of Table 3.12-2,
prepare and submit to the Commission pursuant to 10 CFR 50.4 within 30 days
after receiving the sample analysis a Special Report that identifies the cause(s)
for exceeding the limit(s) and defines the corrective ACTIONs to be taken to
reduce radioactive effluents so that the potential annual dose to a MEMBER OF
THE PUBLIC is less than the calendar year limits of Controls 3.11.1.2, 3.11.2.2,
and 3.11.2.3. When more than one of the radionuclides in Table 3.12-2 are
detected in the sample this report shall be submitted if.

concentration (1) + concentration (2) + 1.0
reporting level (1) reporting level (2)

When radionuclides other than those in Table 3.12-2 are detected and are the
result of plant effluents, this report shall be submitted if the potential annual
dose' to a MEMBER OF THE PUBLIC is equal to or greater than the calendar
year limits of Controls 3.11.1.2, 3.11.2.2 and 3.11.2.3. This report Is not required
if the measured level of radioactivity was not the result of plant effluents;
however, in such an event, the condition shall be reported and described in the
Annual Radiological Environmental Operating Report.

The methodology and parameters used to estimate the potential annual dose to a MEMBER OF
THE PUBLIC shall be indicated in this report-
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c. With fresh leafy vegetable samples unavailable from one or more of the sample
locations required by Table 3.12-1, Identify locations for obtaining replacement
samples and add them to the radiological environmental monitoring program
within 30 days. The specific locations from which samples were unavailable may
then be deleted from the monitoring program. Pursuant to Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2), Identify the cause of
the unavailability of samples and Identify the new location(s) for obtaining the
replacement samples in the next Apnual Radiological Environmental Operating
Report

d. The provisions of Controls 3.0.3 and 3.0A are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.1 The radiological environmental monitoring samples shall be collected pursuantto Table
3.12-1 from the specific locations given In the table aand figure(s) In the ODCM, end shall be
analyzed pursuant to the requirements of Table 3.12-1 and the detection capabilities required
by Table 4.12-1.
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TABLE 3.12-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

EXPOSURE PATHWAY
AND/OR SAMPLE

1. DIRECT RADIATIONF
-

NUMBER OF REPRESENTATIVE
SAMPLES AND SAMPLE LOCATIONSa

23 routine monitoring stations (DRI - DR23)
either with two or more dosimeters or with one
instrument for measuring and recording dose
rate continuously, placed as follows:

SAMPLING AND
COLLECTION FREQUENCY

At least Quarterly

TYPE AND FREQUENCY
OF ANALYSIS

Gamma dose at least
quarterly.

an inner ring of stations, one in each
meteorological sector In the general area
of the SITE BOUNDARY (DRI - DR09);'

an outer ring of stations, one in each
meteorological sector in the 6- to 8-km
range from the site (DR10 - DR18);

the remaining stations (DR19 - DR23) to
be placed in special Interest areas such as
population centers, nearby residences,
schools, and in 1 area to serve as a
control station.
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

-

EXPOSURE PATHWAY
AND/OR SAMPLE

2. AIRBORNE
Radioiodine and
Particulates

NUMBER OF REPRESENTATIVE
SAMPLES AND SAMPLE LOCATIONS'

SAMPLING AND
COLLECTION FREQUENCY

TYPE AND FREQUENCY
OF ANALYSIS

Samples from 5 locations (AI-A5):

3 samples (Al-A3) from dose to the 3
SITE BOUNDARY locations, In different
sectors of the highest calculated annual
average ground-level D/Q. I

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

1-131 analysis weekly.

Particulate Sampler:
Gross beta
radioactivity analysis
following filter
changec Gamma isotopic
analysisd of composite
(by location)
quarterly

I sample (A4) from the vicinity of a
community having the highest calculated
annual average ground-level DIQ.

I sample (A5) from a control location, as
for example 15-30 km distant and In the
least prevalent wind direction.
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

EXPOSURE PATHWAY
AND/OR SAMPLE

3. WATERBORNE
a. Surface

NUMBER OF REPRESENTATIVE
SAMPLES AND SAMPLE LOCATIONS"

SAMPLING AND
COLLECTION FREQUENCY

TYPE AND FREQUENCY
OF ANALYSIS

I sample at Intake area (Wal )
I sample at discharge area (Wa2)

COMPOSITE SAMPLE over 1-month
period"

GAMMA ISOTOPIC
ANALYSIS monthly.
Composite for tritium
analysis quarterly.

b. Sediment from
shoreline

1 sample from downstream area with existing
or potential recreational value (Wbl)

Semiannually GAMMA ISOTOPIC
ANALYSIS semiannually.
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

-

EXPOSURE PATHWAY
ANDIOR SAMPLE

4. INGESTION
a. Fish and

Invertebrates

NUMBER OF REPRESENTATIVE
SAMPLES AND SAMPLE LOCATIONS

SAMPLING AND
COLLECTION FREQUENCY

TYPE AND FREQUENCY
OF ANALYSIS

3 samples of commercially andlor
recreationally Important species (2 fish species
and 1 Invertebrate species) In vicinity of plant
discharge area (Qa-la3).

Sample In season, or semIannually if
they are not seasonal.

GAMMA ISOTOPIC
ANALYSISe on edible
portions.

3 samples of same species In areas not
Influenced by plant discharge (la4-la6).

b. Food Products Samples of 3 different kinds of broad leaf
vegetation grown near the SITE BOUNDARY
at 2 different locations of highest predicted
annual average ground level D(Q (Ib1-lb0).'

Monthly during growing season. Gamma Isotopid and I-
131 analysis.

1 sample of each of the similar broad leaf
vegetation grown 15-30 km distant In the least
prevalent wind direction (Ib7-lb9).

Monthly during growing season. Gamma Isotopid and I-
131 analysis.
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TABLE 3.12-1 (Continued)

TABLE NOTATION

The code in parenthesis, e.g., DR1, Al, defines generic sample locations in this
control that can be used to identify the specific locations in the map(s) and table
in the ODCM. Specific parameters of distance and direction sector from the
central point between the two containment buildings and additional description
where pertinent, is provided for each sample location in Table 3.12-1, and in a
table and figure(s) In the ODCM. Referto NUREG-0133, "Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants, October
1978", and to Radiological Assessment Branch Technical Position, Revision 1,
November 1979. Deviations are permitted from the required sampling schedule
if specimens are unobtainable due to circumstances such as hazardous
conditions, seasonal unavailability, and malfunction of automatic sampling
equipment. If specimens are unobtainable due to sampling equipment
malfunction, effort shall be made to complete corrective ACTION prior to the end
of the next sampling period. All deviations from the sampling schedule shall be
documented In the Annual Radiological Environmental Operating Report
pursuant to Technical Specification 6.6.2 (Improved Technical Specification
6.6.2). It is recognized that, at times, it may not be possible or practicable to
continue to obtain samples of the media of choice at the most desired location or
time. In these instances suitable alternative media and locations may be chosen
for the particular pathway in question and appropriate substitutions made within
30 days in the radiological environmental monitoring program. Pursuant to
Technical Specification 6.6.2 (Improved Technical Specification 5.6.2), identify
the cause of the unavailability of samples for that pathway and identify the new
location(s) for obtaining samples in the next Annual Radiological Environmental
Operating Report and also include In the report a revised figure(s) and table for
the ODCM reflecting the new location(s):
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TABLE 3.12-1 (Continued)

TABLE NOTATION

.

One or more instruments, such as a pressurized Ion chamber, for measuring and
recording dose rate continuously may be used In place of, or in addition to,
integrating dosimeters. For the purposes of this table, a thermoluminescent
dosimeter (TLD) Is considered to be one phosphor. two or more phosphors in a
packet are considered as two or more dosimeters. Film badges shall not be
used as dosimeters for measuring direct radiation. The frequency of analysis or
readout for TLD Systems will depend upon the characteristics of the specific
system used and should be selected to obtain optimum dose information with
minimal fading. Due to the geographical limitations, 9 sectors are monitored
around the Calvert Cliffs Nuclear Power Plant.

Airborne particulate sample filters shall be analyzed for gross beta radioactivity
24 hours or more after sampling to allow for radon and thoron daughter decay. If
gross beta activity In air particulate samples Is greater than ten trimes the yearly
mean of control samples, GAMMA ISOTOPIC ANALYSIS shall be performed on
the Individual samples.

_

* GAMMA ISOTOPIC ANALYSIS means the Identification and quantification of
gamma-emitting radionucildes that may be attributable to the effluents from the
facility.

e A COMPOSITE SAMPLE is one In which the quantity (aliquot) of liquid sampled
Is proportional to the quantity of flowing liquid and in which the method of .
sampling employed results In a specimen that ls representative of the liquid flow.
In this program, COMPOSITE SAMPLE aliquots shall be collected at time
intervals that are very short (e.g., hourly) relative to the compositng period (e.g.,
monthly)-in order to assure obtaining a representative sample.

f. Exception to these locations Is in the South Sector where DR7, Al. i b4, I b5,
and 1b6 are located approximately 0.7 km from the release point This location
is consenrative with respect to the site boundary, which is located approximately
2.1 km from the release point
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TABLE 3.12-2

REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRO MENTAL SAMPLES

REPORTING LEVELS

WATER AIRBORNE PARTICULATE FISH & INVERTEBRATES MILK FOOD PRODUCTS
ANALYSIS (PC/10 OR GASES (pCj/M3) (pCft, wet) (RCY11) (pCitkg, wet)
H-3 20,000
Mn-54 1,000 30,000
Fe-59 400 10,000
Co-58 1,000 30,000
Co-60 300 10,000
Zn-65 300 20,000
Zr-Nb-95 400
1-131 2 0.9 3 100
Cs-134 30 10 1,000 60 1,000
Cs-137 50 20 2,000 70 2,000
Ba-La-140 200 300

' For drinking water samples. This is a 40 CFR Part 141 value. If no drinking water pathway exists, a value of 30,000
pCi/I may be used.
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TABLE 4.12-1

DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSISa

LOWER LIMIT OF DETECTION (LLD)c

WATER AIRBORNE PARTICULATE FISH & INVERTEBRATES MILK FOOD PRODUCTS SEDIMENT
ANALYSIS (pCI/) OR GASES (pCiIm3) (pCltkg, wet) (pCIl) (pCi/kgt wet) (pCl/kgidry)
Gross Beta 4 0.01
H-3 2,0001
Mn-54 15 130
Fe-59 30 260
Co-58,60 15 130
Zn-65 30 260
Zr-Nb-95 15
1-131 1 0.07 1 60
Cs-134 15 0.05 130 15 60 150
Cs-137 18 0.06 150 18 80 180
Ba-La-140 15 15

# If no drinking water pathway exists, a value of 3000 pCIA may be used.
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TABLE 4.12-1 (Continued)

TABLE NOTATION

a This list does not mean that only these nuclides are to be considered. Other
peaks that are identifiable, together with those of the above nuclides, shall also

-be analyzed and reported in the Annual Radiological Environmental Operating
Report pursuant to Technical Specification 6.6.2 (Improved Technical
Specification 5.6.2).

Required detection capabilities for thermoluminescent dosimeters used for
environmental measurements shall be in accordance with the recommendations
of Regulatory Guide 4.13.

The LLD is defined, for purposes of these controls, as the smallest concentration
of radioactive material in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

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

LLD 4.66sb
E- Vow 2.22 * Y a exp(-XAt)

Where.

LLD is the "A priori" LOWER LIMIT OF DETECTION as defined above, as
picocuries per unit mass or volume,

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

E is the counting efficiency, as counts per disintegration,

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

2.22 is the number of disintegrations per minute per picocurie,

Y is the fractional radiochemical yield, when applicable,

X is the radioactive decay constant for the particular radionuclide, and
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TABLE 4.12-1 (Continued)

TABLE NOTATION

At for environmental samples Is the elapsed time between sample collection,
or end of the sample collection period, and time of counting.

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

It should be recognized that the LLD Is defined as an a prior (before the fact)
limit representing the capability of a measurement system and not as an a
Dosterlori (after the fact) limit for a particular measurement Analyses shall be
performed In such a manner that the stated LLDs will be achieved under routine
conditions. Occasionally background fluctuations, unavoidable small sample
sizes, the presence of Interfering nuclides, or other uncontrollable circumstances
may render these LLDs unachievable. In such cases, the contributing factors
shall be Identified end described In the Annual Radiological Environmental
Operating Report pursuant to Technical Specification 6.6.2 (Improved Technical
Specification 5.6.2).

LLD for drinking water samples. If no drinking water pathway exAsts, the LLD of
GAMMA ISOTOPIC ANALYSIS may be used.
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RADIOLOGICAL ENVIRONMENTAL MONITORING:

LAND USE CENSUS

CONTROLS

3.12.2 A land use census shall be conducted and shall identify within a distance of 8 km (5
miles), the location in each of the 9 meteorological sectors of the nearest milk animal, the
nearest residence and the nearest garden of greater than 50 m2 (500 ft2) producing broad leaf
vegetation. (For elevated releases as defined In Regulatory Guide 1.111, Revision 1, July
1977, the land use census shall also identify within a distance of 5 km (3 miles) the locations in
each of the 9 meteorological sectors of all milk animals and all gardens of greater than 50 m2

producing broad leaf vegetation).

APPLICABILITY: At all times.

ACTION:

a. With a land use census identifying a location(s) that yields a calculated dose or
dose commitment greater than the values currently being calculated in Control
4.11.2.3, identify the new location(s) In the next Annual Radiological
Environmental Operating Report, pursuant to Technical Specification 6.6.2
(Improved Technical Specification 5.6.2).

b. With a land use census identifying a location(s) that yields a calculated dose or
dose commitment (via the same exposure pathway) 20 percent greater than at a
location from which samples are currently being obtained in accordance with
Control 3.12.1, add the new location(s) to the radiological environmental
monitoring program within 30 days. The sampling location(s), excluding the
control station location, having the lowest calculated dose or dose
commitment(s), via the same exposure pathway, may be deleted from this
monitoring program after October 31 of the year in which this land use census
was conducted. Pursuant to Technical Specification 6.6.2 (Improved Technical
Specification 5.6.2), identify the new location(s) in the next Annual Radiological
Environmental Operating Report and also include in the report a revised figure(s)
and table for the ODCM reflecting the new location(s).

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

SURVEILLANCE REQUIREMENTS

4.12.2 The land census shall be conducted during the growing season at least once per 12
months using that Information that will provide the best results, such as by a door-to-door
survey, aerial survey, or by consulting local agriculture authorities. The results of the land use
census shall be included In the Annual Radiological Environmental Operating Report pursuant
to Technical Specification 6.6.2 (Improved Technical Specification 5.6.2).

Broad leaf vegetation sampling of at least three different kinds of vegetation may be performed at
the SITE BOUNDARY in each of two different direction sectors with the highest predicted DIQs in
lieu of the garden census. Specifications for broad leaf vegetation sampling In Table 3.12-1 .4b
shall be followed, including analysis of control samples.
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RADIOLOGICAL ENVIRONMENTAL MONITORING:

INTERLABORATORY COMPARISON PROGRAM

CONTROLS

3.12.3 Analyses shall be performed on all radioactive materials, supplied as part of an
Interlaboratory Comparison Program that has been approved by the Commission, that
correspond to samples required by Table 3.12-1.

APPLICABILITY: At all times.

ACTION:

a. With analyses not being performed as required above, report the corrective
ACTIONs taken to prevent a recurrence to the Commission in the Annual
Radiological Environmental Operating Report pursuant to Technical Specification
6.6.2 (Improved Technical Specification 5.6.2).

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

SURVEILLANCE REQUIREMENTS

4.12.3 The Interlaboratory Comparison Program shall be described In the ODCM. A summary
of the results obtained as part of the above required Interlaboratory Comparison Program shall
be Included In the Annual Radiological Envirornmental Operating Report pursuant to Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2).
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PART 5.0: CALCULATIONAL METHODOLOGIES

RADIOACTIVE LIQUID EFFLUENTS

RELEASE PATHWAYS IB5271

1. Introduction

a) Radioactive liquid waste generated as a result of operating the Calvert Cliffs
Nuclear Power Plant (CCNPP) may be released to the Chesapeake Bay'.

b) There are four pathways by which waste water, non-radioactive and radioactive,
may be discharged from the site to the bay:

(1) Outfall 001,

(2) Ouffall 003,

(3) Ouffall 004.

c) A diagram which shows the location of each outfall Is Included as Attachment 1.

2. Outfall 001

a) Water from the Chesapeake Bay is pumped through the condensers and is
discharged to the Chesapeake Bay through the circulating water discharge
conduits, known as outfall 001.

b) The liquid radioactive waste is mixed with and diluted by the circulating water
prior to exiting the discharge conduit.

c) The circulating water discharge conduit extends 850 feet into the Chesapeake
bay.

d) The circulating water discharge conduit may accept liquid radioactive waste from
various sources. Sources which may contribute radioactive material to the
circulating water discharge conduit are tabulated in Attachment 2.

3. Outfalls 003 and 004

a) There are two other potential pathways for the release of radioactive liquids to
the bay. These pathways are designated outfall outfall 003 and outfall 004.

b) Sources which could potentially contribute radioactive material to each of these
outfalls are tabulated in Attachment 2.

c) Outfall 002 was modified in 2001 to be discharged via outfall 001.

4. Unmonitored release paths not shown on Attachment 3 should be evaluated and added
to the ODCM as necessary.

@ 1 The federal controls and administrative limits associated with the release of radioactive materials from
CCNPP are discussed elsewhere in this document.
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6. Safety evaluations have been conducted for operating the folowing systems after they
have become contaminated:

a) component cooling water system

(1) In accordance witliapplicable safety evaluations (Ref. 22), continued
operation of this system is aslowed as long as the concentration of
radionuclides In the component cooling water system Is less than 3,000
MPCs.

b) plant heating system

(1) In accordance with applicable safety evaluations (Ref. 24 and Ref. 28).
continued operation of this system Is allowed as long as the
concentration of radlonuclides In the plant heating system Is less than 0.3
MPCs.

c) auxiliary boiler system

(1) In accordance with applicable safety evaluations (Ref. 27 and Ref. 30)
continued operation of this system Is allowed as long as the
concentration of radionuclides in the auxiliary boiler steam drum is less
than 96 MPCs.

d) demineralized water system

(1) In accordance with applicable safety evaluations (Ref. 25 and Ref. 31),
continued operation of this system Is allowed as long as the
concentration of radionuclides In the demineralized water system Is less
than 0.3 MPCs.

e) service water system

(1) In accordance with applicable safety evaluations (Ref. 26 and Ref. 32),
continued operation of this system Is allowed as long as the
concentration of radionuclides in the service water system Is less than 0.1
MPCs.
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f) condensate storage tank

(1) In accordance with applicable safety evaluations (Ref. 33), continued
operation of this system is allowed as long as the concentration of
radionucildes In the condensate storage tank is less than 1.0 MPCs.

TYPES OF LIQUID RELEASES

1. Liquid radwaste discharges have been classified as CONTINUOUS or BATCH as shown
on Attachment 2.

PROCESSING EQUIPMENT

1. Simplified Flow Diagram

a) An overview of the liquid waste processing system, Including major equipment
and (normal) flow paths, is outlined on Attachment 4.

b) There is no processing equipment for wastes discharged through outfalls 003,
and 004; however, the waste shall be analyzed for radioactivity in accordance
with the analysis frequencies contained in approved CHEMISTRY SECTION
procedures.

2. Modifications

a) Licensee initiated major changes to the Uquld Radioactive Waste System shall
be reported to Fe Commission In the Radioactive Effluent Release Report forS the period In which the modification to the waste system is completed. The
discussion of each change shall contain:

(1) A description of the equipment, components and processes Involved; and

(2) Documentation of the fact that the change, including the safety analysis,
was reviewed and found acceptable by the onsite review function.

The report shall also Include changes to the ODCM. In accordance with
Technical Specification 6.6.3 (Improved Technical Specification 5.8.3).

b) A "majorm change or modification Includes, but is not limited, to the removal or
permanent bypass of any of the following:

(1) degassifier

(2) reactor coolant waste receiver tank

(3) reactor coolant waste monitor tank

(4) letdown filter

(5) reactor coolant waste Ion exchanger

(6) miscellaneous waste ion exchanger

(7) miscellaneous waste filter

(8) miscellaneous waste receiver tank
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(9) miscellaneous waste monitor tank

(10) evaporator

3. Detailed Description

a) A detailed description of the liquid waste processing system Is beyond the scope
of the ODCM.

b) For more Information on the Misceilaneous Uquid Waste Processing System see
FSAR and System Description Number 14D, "Miscellaneous Liquid Waste
Processing System Description."

c) For more Information on the Reactor Coolant Waste Processing System see
System Description Number 14B, "Reactor Coolant Waste Processing System
Description."

d) For more Information see the Updated Final Safety Analysis Report, Chapter 11,
"Waste Processing And Radiation Protection.'

LIQUID EFFLUENT RADIATION MONITOR ALARM AND FrIED SETPOINTS

1. Liquid Waste Discharge Radiation Monitor (0-RE-2201)

a) General description

(1) number of radiation elements: one

(2) type of radiation element: In-line scintillation detector

(3) output: analog

(4) radiation Indicator. O-RI-2201

(5) units for radiation Indicator counts per minute

(6) supplier: Westinghouse

b) Functions of 0-RE-2201

(1) continuously measure the activity contained In liquid waste discharge line
(Control 3.3.3.10)

(2) continuously indicate (via 0-Ri-2201) the actity of liquids contained in
liquid waste discharge line (Control 3.3.3.10)

(3) alarn (via 0-RI-2201) prior to exceeding 10 CFR 20, Appendix B, Table
11, Column 2 limts (per Control 3.11.1.1)

(4) automatically terminate discharges from the liquid waste processing
system by closing the discharge Isolation valves (MWS-2201-CV, and
MWS-2202-CV) whenever the radiation Indicator (0-RI-2201) exceeds the
fixed setpoint.

c) OPERABILITY of 0-RE-2201
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(1) This monitor shall be operable (or have OPERABILITY) when it Is
capable of performing its specified function(s)

(2) The functions of O-RE-2201 are listed In paragraph (b) above.

d) Monitors equivalent to 0-RE-2201

(1) There are no equivalent monitors for 0-RE-2201.

a) Radiological effluent controls for O-RE-2201

(1) Uquid waste discharges via this pathway may continue if any one of the
following two conditions are satisfied (per Control 3.3.3.10).

(a) The liquid waste discharge monitor, 0-RE-2201, Is operable and
the alarm setpoint for this monitor Is set to ensure the
concentrations of radioactive materials released in liquid effluents
to UNRESTRICTED AREAS are less than the concentrations
specified In 10 CFR 20, Appendix B, Table II, Column 2, or

(b) two Independent samples are analyzed In accordance with Control
4.11.1.1.1; AND at least two technically qualified members of the
Facility Staff independently verify the release rate calculations;
AND two qualified operators verify the discharge valve line up.

f) Surveillances for G-RE-2201

(1) Control 4.3.3.10 requires demonstrating the OPERABILITY of 0-RE-2201
by satisfying the checks, calibrations, and tests listed below:

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK prior to each release

(c) CHANNEL CAUBRATION within the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six months

g) Setpoints for 0-iR-2201

(1) There are three radiation alarm setpolnts associated with, or otherwise
related to, the liquid waste discharge monitor.

(a) 0-RI-2201 fixed high radiation alarm and automatic termination
setpolnt

(b) 0-RI-2201 adjustable plant computer high radiation alarm and
manual termination setpolnt

(c) 0-RI-2201 low radiation alarm setpoint

(2) In order to simplify the setpolnt terminology, eliminate ambiguity, and
minimize the possibility of misinterpretation, the ODCM will refer to these
setpoints as follows:

(a) The Q-RI-2201 fixed high radiation alarm and automatic
termination setpolnt will be referred to as the fixed setpoint.
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(3)

h) Fixed

(1)

(b) The O-RI-220i adjustable plant computer high radiation alarm and
manual termination setpoint will be referred to as the adjustable
setpoint.

(c) The O-RI-2201 low radiation alarm setpolnt will be referred to as
the low setpoint.

Each of these alarm setpoints Is described below.

setpolnt for O-RI-2201

General Information

(a) This setpoint Is not adjusted for each release.

(b) Whenever the fixed setpoint is exceeded, discharges from the
liquid waste processing system will be automatically suspended.

(c) The fixed setpoint corresponds to the maximum concentration of
radionuclides allowed In liquid waste discharged from the liquid
waste processing system.

(d) The current value for the fixed setpolnt Is specified In the CCNPP
Alarm Manual.

(e) The CCNPP Alarm Manual refers to this alarn and fixed setpoWnt
as the -0RI-2201 Liquid Waste Discharge HUgh Alarm.

(f) The fixed setpoint Is Integral to the liquid release discharge
monitor, as purchased from the supplier.

(g) The fixed setpoint Is administratively controlled by EN-1 -1 00.
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(h) The fixed setpoint shall be calculated as described below'.

(2) Calculating the fixed setpoint for S-RI-2201

(a) The fixed setpolnt for O-RI-2201 shall be calculated as follows:

FIXED SETPOINT FOR 0-RI-2201

I SAX 1 Kjj (Fd I FOE I (AL*)(Gi))+]3kg ) Eq. iv

ix = the fixed setpoint for O-RI-2201 (cpm)

Ksf = a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to the 10
CFR 20 MPC Nmit (unitless)

The safety factor chosen shag be less than or equal to 1.00. This ensures the fixed setpoint
is always less than or equal to the limits of 10 CFR 20.

A safety factor of 1.00 will yield a fixed setpoint which corresponds to 1.0 MPC.

A safety factor of 0.500 will yield a fixed setpoint which corresponds to 0.5 MPCs.

It is recommended that a safety factor of 0.5 be used for calculating the fixed setpoint,
however, other values-not to exceed 1.00-may be used as directed by the General
Supervisor Chemistry.

The use of a wsafety margl is ih accordance with the provisions of NUREG-0133, section
4.1.1, which states, "The alarm and trip selpoints ... should correspond to a value(s) which
represents a safe margin of assurance that the instantaneous liquid release limit of 10 CFR
Part 20 Ls not exceeded."

This safety margin will prevent minor fluctuations In the nominal circulating water flow rate
(and other statistical aberrations) from adversely Impacting the calculated fixed setpoint

Fd = the dilutIon water flow rate (gpm) prior to the point of release to UNRESTRICTED AREAS

The dilution water flow rate is actually the sum of the minimum circulating water flow rate,
the minimum salt water flow rate, and the maximum undiluted radwaste flow rate.

The dilution water flow rate shall be calculated In accordance with equation 2L.

¶ Per Control 3.3.3.10.
2 This formula has been derived from NUREG-0133, Addendum, page AA-1.

0



-

Offslte Dose Calculation Manual Page 61 of 325
Revision 6

DILUTION WATER FLOW RATE

Fo c F + Fw+Fu Eq. 2L

Fa = the minimum circulating water system flow rate necessary to conduct liquid releases

A minimum of two circulating water pumps (one circulating water pump per conduit
accepting radwaste) shall be operable when discharging liquid radwaste - via this monitor-
to outfall 001.

Additional circulating water pumps may be required as specified in approved Chemistry
Procedures.

If a release of liquid radwaste Is to be conducted using less than Ninimum circulating water
flow rate necessary to conduct liquid releases, then the release shall not be allowed until a
new setpoint has been calculated and entered into 0-RI-2201 (unless the existing setpoint is
conservative), or otherwise compty with the ACTION requirements of Control 3.3.3.10.

Fsw = the minimum salt water system flow rate necessary to release liquid radwaste

If the minimum salt water flow rate available for liquid releases Is unknown, difficult to
predict, or may decrease during a liquid release, a minimum salt water flow rate of 0 gprh
should be used when calculating the fixed setpoint.

if a release of liquid radwaste Is to be conducted using less than the minimum salt water
flow rate necessary to conduct liquid releases, the release shall not be allowed until a new
setpoint has been calculated and entered into O-RI-2201 (unless the existing setpoint Is
conservative), or otherwise comply with the ACTION requirements of Control 3.3.3.10.

Fu = maximum undiluted radwaste flow rate (gpm)

Values of maximum undiluted radwaste flow rates for various waste streams are tabulated
In Attachments 2 and 3.

Since the flow rate of undiluted liquid waste (120 gpm maximum) Is Insignificant relative to
the circulating water flow rate (200,000 gpm per circulating water pump), the flow rate of
undiluted liquid waste need not be considered when calculating the dilution water flow rate.

Since the maximum undiluted radwaste flow rate is used for calculating the fixed setpoint, a
flow setpoint is not required-for the flow measuring device (0-FE-2199) In the effluent line-
to verify compliance with Control 3.3.3.10.

AILn| = specific activity limit for the release of radionuclide, i, to UNRESTRICTED AREAS
(calculated In accordance with 10 CFR 20, Appendix B, Table 11, Note I as described below;
microcuries per milliliter).

In order to calculate a meaningful and accurate fixed setpoint, the specific radionuclides, I,'
chosen for calculating the fixed setpolnt should correspond to those radionuclides found in
TYPICAL RADWASTE RELEASES from CCNPP.

Attachment 5 provides further guidance for determining the Identity of those radionuclides, 1,
to be used to calculate a fixed setpoint.

Values for ASh, shall be calculated, as described below, for each radionuclide.
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[1 AL, (fl) (An~n) Eq. 3L

f = a fraction which represents the relative activity contribution of nuclide i to the average total
effluent activity (unitless)

The average total effluent activity does not include tritlum or dissolved and entrained noble
gases.

This value may be obtained using the guidance provided on Attachment 5.

ATLAS = the sum Of the total specific activities of all radlonuclides found In a TYPICAL LIQUID
RADWASTE RELEASE (microcuries/cm3)

This value corresponds to 1 MPC.

ATLn shall be calculated as shown below.

TOTAL SPECIFIC ACTIVITY EQUIVALENT TO I MPC

|[(fl)(Axn)|ALtj = I Eq. 4L0

* Alu = the specific activity limit for radlonucilde, I, as obtained from 10 CFR 20, Appendix B, Table
11, Column 2 (microcurteslcm3)

For all the radionculides found in TYPICAL RADWASTE EFFLUENTS, use the value from
10 CFR 20, Appendix B, Table It, Column 2.

1 t= e MPC limit (MPCs) for UNRESTRICTED AREAs

This value Is based on the MPC limit from 10 CFR 20, Table 11, Note 1.

el absolute detector efficiency for nucide, I (cpm/microcudies per milliliter)

The detector efficiency for each radionudide may be calculated from data collected during
calibration of the radiation monitor.

Bkg = an approximation of the detector background prior to Initiating the liquid release (cpm)

Instead of using an approximation of the detector background, a value of 0 cpm may be
used as the detector background if so desired.

(3) Documenting the fixed setpolnt for 0-RI-2201

(a) Whenever the fixed setpolnt is calculated, the specific values
chosen for each of the parameters shall be documented in
accordance with EN-1-100.

(4) Changing the fixed setpoint for 0-RI-2201

I This formula has been derived from 10 CFR 20, Table II, Notes 1, 2, and 3.
I .
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(a) If the fixed setpoint calculated In accordance with equation I L
exceeds the maximum range of the monitor, the fixed setpoint
shall be adjusted to a value which falls within the normal operating
range of the monitor.

(b) The fixed setpoint for O-RI-2201 may be established at values
lower than fte maximum allowable setpoint, If desired.

(c) A setpoint change should be Initiated whenever any of the
parameters Identified in equation 1 L have changed.

(d) The fixed setpolnt should not be changed unless one of the
following occurs:

I) the relative activity' of any radionuclide In TYPICAL
LIQUID EFFLUENTS, fa, has changed by greater than
10%. and te new radionuclide mixture yields a fixed
setpoint which Is 10% (or more) lower than the current
fixed setpoint,

Ii) the minimum dilution water flow rate Is not available for a
liquid release,

Iii) the values listed In 10 CFR 20, Table II, column 2 have
changed,

IV) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

v) the monitor Is not conservative In Its function (see
"Functions of O-RE-2201" earlier In this section).

(e) EN-1-100 contains the administrative controls associated with
changing and approving the fixed setpoint

I As determined In accordance with Attachment 5.
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1) The adjustable setpoint for O-RI-2201

(1) General Information

(a) The adjustable setpoint Is calculated and adjusted prior to
each release from the liquid waste processing system.

(b) The adjustable setpolnt is based on the specific activities
of the radlonuclides present In the undiluted liquid waste
(as deterrnined by radlochemical analysis per Control
4.11.1.1.1).

(c) Whenever the adjustable setpolnt is exceeded, discharges
from the liquid waste processing-system will be manually
suspended.

(d) See 01-17C, "Reactor Coolant Waste Processing System",
or 01-17D, "Miscellaneous Waste Processing System," for
a full list of operator ACT1ONs taken in response to this
alarm.

(e) The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected in
discharges from the liquid waste processing system.

(f) The value for the adjustable setpoint Is recorded on the
liquid release permit in accordance with CHEMISTRY
SECTION procedures.

(g) This alarm Is not integral to the liquid release discharge
monitor, as purchased from the supplier.

(h) This alarm is generated by the plant computer, which
monitors output from O-RI-2201, and provides an alarm to
plant operators when the adjustable setpoint has been
exceeded.

(i) A value for the adjustable setpoint shall be calculated prior
to each release as shown below.

(2) Calculating the adjustable setpoint for O-RI-2201

(a) The adjustable setpolnt is based on the specific activities
of the radionucildes In the undiluted Oquid waste (as
determined by radlochemical analysis per Control
4.11.1.1.1), and shall be calculated as shown below.
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Sam 150 [(Au)(,0)+Bkg] Eq.5L

= the adjustable setpoint for O-RI-2201 (cpm)

1.50 = a constant, actually a safety factor, which allows for fluctuations in radiation monitor
response (unitless)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations In disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, or (5) errors associated with monitor
calibrations.'

Alzu ~ specific activity of radionucide, i, In the undiluted waste stream (microcuries per
milliliter)

e. i absolute detector efficiency for nuclide, I (cpm/;mkrocuries per milliliter)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (cpm)

(3) Documenting the adjustable setpoint for O-RI-2201

(a) Whenever the adjustable setpoint is calculated, the
specific values chosen for each of the variables shall be
documented In accordance With approved CHEMISTRY
SECTION procedures.

(4) Changing the adjustable setpolnt for O-RI-2201

(a) In all cases, the adjustable setpoint shall be set to a value
which Is less than or equal to the fixed setpolnt

(b) If the adjustable setpolnt exceeds the maximum range of
the monitor, the setpoint shall be adjusted to a value which
falls within the normal operating range of the monitor.

(c) CHEMISTRY SECTION procedures contain administrative
controls associated with calculating and approving an
adjustable setpoint.

(d) Whenever O-RI-2201 Is operable, the calculated value for
the adjustable setpoint shall be entered into the plant

The "analysis errorsw and "calibration errors" refer to errors which are within established quality
assurance and quality control limits.
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computer prior to each release from the liquid waste
processing system.

(e) Plant Operating Instructions contain administrative controls
associated with entering the adjustable setpoint into the
plant computer.

j) The low setpoInt for 0-RI-2201

(1) This setpolnt Is Integral to the liquid release discharge monitor, as
purchased from the supplier.

(2) The current value for the low setpoint Is specified in the CCNPP
Alarm Manual.

(3) The low setpoint may be used to determine the OPERABILLrrY of
this monitor (per Control 4.3.3.10, CHANNEL FUNCTIONAL
TEST).

(4) The alarm generated by the low setpoint may be used to
terminate a release in the event 0-RE-2201 fails (Le., downscale
failure or circuit failure) in accordance with Control 4.3.3.10.

(5) The low setpoint calculations tre not described in the ODCM.

(6) Changes to the low setpoint are controlled by EN-1-100.

2. Steam Generator Blowdown Effluent Radiation Monitors (112-RE-4095)

a) General description of 1/2-RE-4095

(1) number of radiation elements: one per unit

(2) Type of radiation elements: in-line scintillation detectors

(3) output: analog

(4) Designations for radiation Indicators

(a) 1-RI-4095

(b) 2-RI-4095

(5) units for radiation indicator; counts per minute

(6) . supplier. Westinghouse

b) Functions of 1/2-RE-4095

(1) continuously measure the activity contained in steam generator
blowdown effluent line (Control 3.3.3.10)
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(2) continuously Indicate (via 1/2-RI-4095) the activity of liquids
contained In the steam generator blowdown effluent One (Control
3.3.3.10)

(3) alarm (via 112-R-4095) prior to exceeding IOCFR 20, Appendix
B, Table II, Column 2 limits (per Control 3.11.1.1).

(4) automatically terminate steam generator blowdown releases to
UNRESTRICTED AREAS when the radiation Indicator (1/2-RI-
4095) exceeds the fixed setpoint.

c) OPERABILITY of 1/2-RE-4095

(1) This monitor shall be operable (or have OPERABILITY) when it is
capable of performing Its specified function(s).

(2) The functions of this monitor are listed In section (b) above.

(3) It should be noted that If the steam generator blowdown
processing system heat exchangers are bypassed, It Is possible
for blowdown flow to bypass 112-RE-4095. If blowdown flow Is
allowed to bypass 1/2-RE-4095, the minimum channels
OPERABILITY requirement of Control 3.3.3.10 may not be
satisfied.

d) Monitors equivalent to 112-RE-4095

(1) 1/2-RE-4014 Is normally considered the PRIMARY MONITOR for
measuring activity released via the steam generator blowdown
processing system, and 1l2-RE-4095 is normally considered the
BACKUP MONITOR for measuring activity released via the steam
generator blowdown processing system

(2) In the event PRIMARY MONITOR (112-RE-4014) Is Inoperable or
otherwise unavailable, the BACKUP MONITOR (1/2-RE-4095)
may fulfill the measuring, Indicating, and alarming functions
normally provided by the PRIMARY MONITOR.

(3) 1/2-RE-4014, Steam Generator Blowdown Tank Radiation Monitor
Is considered to be "equlvalent" monitor to 1/2-RE-4095 as
specified below.

(4) 1/2-RE-4014, Steam Generator Blowdown Tank Radiation
Monitor, may perform measurement, Indication, alarm, and
Isolation functions (see Functions of 1/2-RE-4014! earlier in this
section) which limit the concentration of radioactive materials
released to UNRESTRICTED AREAS In accordance with Control
3.11.1.1 as long as the following conditions are satisfied:

(a) the OPERABIITY of 112-RE-4014 must be demonstrated
In accordance with Control 4.3.3.10, Table 3.3-13(lb), and

(b) the blowdown Ion exchangers are isolated (or the
decontamination factors for all radionuclides are verified to
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be greater than or equal to one for the duration of the
release), and

(c) the specific activities of radionuclides In the blowdown tank
radiation monitor are representative of the activities of the
radionuclides in the blowdown effluent line.

e) Radiological effluent controls for 112-RE-4095

(1) Steam generator blowdown releases via this pathway may
continue if any one of the following two conditions are satisfied
(per Control 3.3.3.10):

(a) A steam generator blowdown monitor (either 1/2-RE-4095
or 1/2-RE-4014) Is OPERABLE (see "OPERABILITY of
1/2-RE-40951; and "OPERABILITY of 112-RE-4014' earlier
In this section) AND the setpolnt for this monitor Is set to
ensure the concentrations of radioactive materials
released In liquid effluents to UNRESTRICTED AREAS
are less than the concentrations specified In 10 CFR 20,
Appendix B, Table II, Column 2, or

(b) a grab sample Is collected AND analyzed In accordance
with the provisions described below:

I) analysis shall determine EITHER the gross gamma
actiity or gross beta activity of the sample

11) sampling and analysis shall be completed at least
once per 12 hours if the specific activity of the
steam generator blowdown Is greater than 0.01
mlcrocuries per gram IODINE DOSE
EQUIVALENT

I1) sampling and analysis shall be completed at least
once per 48 hours if the specific activity of the
steam generator blowdown is less than or equal to
0.01 microcurles per gram IODINE DOSE
EQUIVALENT

1v) the LOWER LIMITS OF DETECTION (LLDs) for
the gross gamma and/or gross beta analyses are
in accordance with the LLDs of Control 4.11.1.1.1

f) Surveillances for 1/2-RE4095

(1) Control 4.3.3.10 requires demonstrating the OPERABILITY of
1/2-RE4095 by satisfying the checks, calibrations, and tests
listed below

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK prior to each release
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(c) CHANNEL CALIBRATION within the past 18 months

(d) CHANNEL FUNCTIONAL TESTwithin the past 6 six
months

g) Setpoints for 1/2-RI-4095

(1) There am three radiation alarm setpoints associated with the
Steam Generator Blowdown Effluent Radiation Monitor.

(a) 1/2-RI-4095 fixed high radiation alarm and automatic
termination setpoint

(b) 112-RI-4095 adjustable plant computer high radiation alarm
and manual termination setpoint

(c) 1/2-RI-4095 low radiation alarm setpolnt

(2) In order to simplify the setpoint terminology,eliminate ambiguity,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpoints as follows:

(a) The 112-RI-4095 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed
setpoint.

(b) The 1/2-Ri-4095 adjustable plant computer high radiation
alarm and manual termination setpoint will be referred to
as the adjustable setpoint.

(c) The 1/2-RI-4095 low radiation alarm setpoint will be
referred to as the low setpolnt.

(3) Each of these alarm setpoints are described below.

h) The fixed setpolnt for 1/2-RI-4095

(1) General Information

(a) The fixed setpolnt is not adjusted for each release.

(b) Whenever the fixed setpoint Is exceeded, discharges from
the steam generator blowdown processing system to
UNRESTRICTED AREAS will be automatically suspended.

(c) The fixed setpoint corresponds to the maximum
concentration of radionuclides allowed In liquid waste
discharged from the steam generator blowdown
processing system.

(d) The current value for the fixed setpoint Is specified In the
CCNPP Alarm Manual.
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(e) The CCNPP Alarm Manual refers to this setpoint as the
112-RI-4095 Steam Generator Blowdown Recovery High
Alarm.

(f) This setpoint Is Integral to the steam generator blowdown
discharge monitor, as purchased from the manufacturer.

(g) The fixed setpoint Is administratively controlled by EN-1-
100.

(h) The fixed setpolnt shall be calculated as described below1.

(2) Calculating the fixed setpolnt for 1/2-RI-4095

(a) The fixed setpoint for 112-RI4095 shall be calculated in
accordance with equation 1 L

FIXED SETPOINT FOR 1J2-RI-4095

I a, ,5 Kf((FdJ,) Z [(A l)(eg)1*Bk9 ) EEq. L2

Sex = the fixed setpoint for 1/2-RI-4095 (cpm)

Ks, = a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to
the 10 CFR 20 MPC limit (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed
setpoint is always less than or equal to the limits of 10 CFR 20.

A safety factor of 1.00 will yield a fixed setpoint which corresponds to 1.0 MPC.

A safety factor of 0.500 will yield a fixed setpoint which corresponds to 0.5 MPCs.

It is recommended that a safety factor of 0.5 be used for calculating the fixed
setpoint, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

The use of a Osafety margin" is in accordance with the provisions of NUREG-0133,
section 4.1.1, which states, "The alarm and trip setpoints ... should correspond to a
value(s) which represents a safe margin of assurance that the Instantaneous liquid
release lmit of 10 CFR Part 20 Is not exceeded.'

This safety margin will prevent minor fluctuations in the nominal circulating water
flow rate (and other statistical aberrations) from adversely impacting the calculated
fixed setpolnt.

Fd the dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED
AREAS

Per Control 3.3.310.
2 Equation IL has been derived from NUREG-0133, Addendum, page AA-1.
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the dilution water flow rate Is actually the sum of the minimum circulating water flow
rate, the minmum salt water flow rate, and the maxdmum undiluted radwaste flow
rate.

The dilution water flow rate shall be calculated In accordance with equation 2L.

DILUTION WATER FLOW RATE

F c Few + Faw + F. Eq.2L

Facw the minimum circulating water system flow rate necessary to conduct liquid releases

A minimum of two circulating water pumps (one circulating water pump per conduit
accepting radwaste) shall be operable when discharging liquid radwaste - via this
monitor- to outfall 001.

The flow rate of each circulating water pump Is 200,000 gallons per minute.

Additional circulating water pumps may be required as specified In approved
CHEMISTRY SECTION procedures.

If a release of liquid radwaste from the steam generator blowdown system Is to be
conducted using less than minimum circulating water flow rate necessary to conduct
liquid releases, the release shall not be allowed until a new setpoint has been
calculated and entered Into 112-Ri-4095 (unless the existing setpoint Is
conservative), or otherwise comply with the ACTION requirements of Control
3.3.3.10.

F8w = the minimum salt water system flow rate necessary to release liquid radwaste

If the minimum salt water flow rate available for liquid releases Is unknown, difficult
to predict, or may decrease during a liquid release, a minimum salt water flow rate of
0 gpm should be used when calculating the fixed setpoint

The maximum flow rate for one salt water pump is listed on Attachment 2.

If a release of liquid radwaste Is to be conducted using less than the minimum salt
water flow rate necessary to conduct liquid releases, the release shall not be alowed
until a new setpoint has been calculated and entered-into 11/2-RI-4095 (unless the
existing setpoint Is conservative), or otherwise comply with the ACTION
requirements of Control 3.3.3.10..

Fu = maximum undiluted radwaste flow rate (gpm)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachments 2 and 3.

Since the steam generator blowdown Vow rate (225 gpm maximum) Is insignificant
relative to the circulating water flow rate (200,000 gpm per circulating water pump),
the steam generator blowdown flow rate need not be considered when calculating
the dilution water flow rate.
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Since the maximum undiluted radwaste flow rate Is used for calculating the fixed
setpoInt, a flow setpoint Is not required-for the flow measuring device in the effluent
flne-to verify compliance with Control 3.3.3.10.

ALES = specific activity limit for the release of radionuclide, i, to UNRESTRICTED AREAS
(calculated In accordance with 10 CFR 20, Appendix B, Table II, Note .1 as described
below; microcurles per milliliter)

In order to calculate a meaningful and accurate fixed setpoint, the specific
radionuclides, i, chosen for calculating the fixed setpolnt should correspond to those
radionuclides found in TYPICAL RADWASTE RELEASES from CCNPP.

Attachment 5 provides further guidance for determining which radionuclides, i,
should be used to calculate a fixed-setpolnt.

Values for At, shall be calculated, as described below, for each radionuclide.

SPECIFIC ACTMTY LIMIT FOR EACH RADIONUCLIDE I

ALA (fg) (AnL ) Eq. 3L

fj = a fraction which represents the relative activity contribution of nuclide i to the
average total effluent activty (unitless)

The average total effluent activity does not include tritium or dissolved and entrained
noble gases.

This value may be obtained using the guidance provided on Attachment 5.

en = absolute detector efficiency for nuclide, I (cpmmnicrocuries per mililliter)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

ATLLS = the sum of the total specific activities of a: radionuclldes found In a TYPICAL
LIQUID RADWASTE RELEASE (microcuriescnM3)

This value corresponds to I MPC.

ATLn shall be calculated as shown below.
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TOTAL SPECIFIC ACTIVITY EQUIVALENT TO I MPC

[ (fI) (Amn) IA;Lt I a Eq. 4L

Au = the specific activity Omit for radionuclide, 1, as obtained from 10 CFR 20, Appendix B,
Table II, Column 2 (microcuries/crn3)

For all the radlonuclides found In TYPICAL RADWASTE EFFLUENTS, use the
value from 10 CFR 20, Appendix B, Table II, Column 2.

I = the MPC limit (MPCs) for UNRESTRPCTED AREAs

This value Is based on the MPC limit from 10 CFR 20, Table II, Note 1.

Bkg = an approximation of the detector background (cpm)

Instead of using an approximation of the detector background, a value of 0 cpm may
be used as the detector background If so desired.

(3) Docurnenting the fixed setpoint for 1/2-RI-4095

(a) Whenever the fixed setpoint Is calculated, the specific
values chosen for each of the variables shall be
documented In accordance with EN-1-100.

(4) Changing the fixed setpoint for 1/2-R(-4095

(a) If the fixed setpolnt calculated In accordance with equation
1L exceeds the maximum range of the monitor, the fixed
setpolnt shall be adjusted to a value which falls within the
normal operating range of the monitor.

(b) The fixed setpoint may be established at values lower than
the maximum allowable setpoint, if desired.

(C) A setpoint change should be Initiated whenever any of the
parameters Identified In equation 1L have changed.

This formula has been derived from 10 CFR 20, Table. II, Notes 1, 2, and 3.
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(d). The fixed setpolnt should not be changed unless one of
the following occurs:

1) the relative activity' of any radionuclide In TYPICAL
LIQUID EFFLUENTS has changed by greater than
10%, and the new radlonuclide mixture yields a
fixed setpoint which is 10% (or more) lower than
the current fixed setpoint,

ii) the minimum dilution water flow rate Is not available
for a liquid release,

iii) the values listed in 10 CFR 20, Table II, column 2
have changed,

iv) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

v) the monitor is not conservative In its function (see
"Functions of 112-RE4095" earlier in this section).

(e) EN-1-100 contains the administrative controls associated
with changing and approving the fixed setpoint.

I) The adjustable setpoint for 112-RI-4095

(1) General information

(a) The adjustable setpoint Is calculated and adjusted prior to
each release from the steam generator blowdown
processing system.

(b) The adjustable setpolnt Is based on the specific activities
of the radionuclides present in the undiluted liquid waste
(as determined by radlochemlcal analysis per Control

(c) Whenever the adjustable setpoint is exceeded, discharges
from the steam generator blowdown processing system
will be manually suspended.

(d) See O1-8A for a full list of operator actions taken in
response to this alarm.

(e) The adjustable setpoint corresponds to the maximum
concentration of radlonuclides anticipated or expected in
discharges from the, steam generator blowdown
processing system.

(f) The value for the adjustable setpolnt is recorded on the
liquid release permit in accordance with CHEMISTRY
SECTION procedures.

As determined in accordance with Attachment 5.
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(g) This alarm Is not Integral to the steam generator blowdown
effluent monitor, as purchased from the supplier.

(h) This alarm Is generated by the plant computer which
monitors output from 1/2-RI-4095, and provides an alarm
to plant operators when the adjustable setpoint has been
exceeded.

(i) A value for the adjustable setpoint shall be calculated prior
to each release as shown below.

(2) Calculating the adjustable setpoint for 1/2-RI-4095

(a) The adjustable setpoint Is based on the specific activities
of radionuclides In the undiluted liquid waste (as
determined by radlochemical analysis per Control
4.11.1 . .), and shall be calculated as shown below.

ADJUSTABLE SETPOINT FOR 112-RI-4095

I S* ..Q : 2.50 [E (A.~) (e0 4 Bkg I Eq. 512I

Where,

S4dg = the adjustable setpolnt for 1/2-R14095 (cpm)

2.50 = a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (unitless)

This safety factor helps ensure te release Is not unnecessarily terminated due to
(1) electronic anomalies whIch cause spurious monitor responses, (2) statistical
fluctuations In disintegration rates, (3) statstical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, or (5) errors associated with monitor
callbrations. 2

= specific activity of radionuclide, i, In the undiluted waste stream (microcurles per
milliliter)

el = absolute detector efficiency for nuclide, I (cpm/microcuries per milliliter)

The detector efficiency for each radionucilde may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background prior to Initiating the liquid release
(cpm)

(3) Documenting the adjustable setpolnt, 112-RI-4095

This formula may be derived from NUREG-0133, Addendum, page AA-1.
The "analysts errors" and calibration errors refer to errors which are within established quality
assurance and quality control limits.
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(a) Whenever the adjustable setpoint Is calculated, the
specific values chosen for each of the variables shall be
documented In accordance with approved CHEMISTRY
SECTION procedures.

(4) Changing the adjustable setpoint for 1/2-RI-4095

(a) If the adjustable setpoint exceeds the maximum range of
the monitor, the setpoint shall be adjusted to a value which
falls within the normal operating range of the monitor.

(b) In all cases, the adjustable setpoint shall be set to a value
which is less than or equal to the fixed setpoint.

(c) Chemistry procedures contain administrative controls
associated with calculating and approving an adjustable
setpoint

(d) Whenever 1/2-RI4095 Is operable, the calculated value
for the adjustable setpoint shall be entered Into the plant
computer prior to each release from the steam generator
blowdown processing system.

(e) Plant Operating Instructions (e.g., O-8A) contain
administrative controls associated with entering the
adjustable setpoint in the plant computer.

j) The low setpoint for 1I2-RI-4095

(1) This alarm Is integral to the steam generator blowdown effluent
* monitor, as purchased from the manufacturer.

(2) The current value for the low alarm setpoint is specified in the
CCNPP Alarm Manual.

(3) The low alarm setpoint may be used to determine OPERABILITY
of this monitor (per Control 4.3.3.10, CHANNEL FUNCTIONAL
TEST).

(4) The low alarm setpolnt may be used to terminate a release In the
event 1/2-RE4095 falls (I.e., downscale failure or circuit failure).

(5) Changes to the low alarm setpoint are controlled by EN-1-100.

(6) The ODCM does not address the calculations associated with the
low alarm setpoint

3. Steam Generator Blowdown Tank Radiation Monitors (1/2-RE-4014)

a) General description of 112-RE-4014

(1) number of radiation elements: one per unit

(2) Type of radiation element off-line scintillation detector
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(3) output: analog

(4) Designations for radiation Indicators

(a) 1-RI-4014

(b) 2-RI4014

(5) units for radiation indicator. counts per minute

(6) supplier: Westinghouse

(7) A 3 gallon per minute sample Is cooled, passed through the
detector, and pumped back Into the steam generator blowdown
tank.

b) Functions of 112-RE-4014

(1) continuously measure the activity contained in an off-line sample
of the steam generator blowdown tank (Control 3.3.3.10)

(2) continuously Indicate (via 1/2-R1I4014) the specific activity In an
off-line sample of the steam generator blowdown tank (Control
3.3.3.10)

(3) alarm (via 1/2-RI-4014) prior to exceeding the 10 CFR 20,
Appendix B. Table II, Column 2 limits (per Control 3.11.1.1)

(4) automatically terminate steam generator blowdown releases to
UNRESTRICTED AREAS when the radiation indicator (1/2-RI-
4014) exceeds the fixed alarm selpoint

c) OPERABIUTY of 112-RE-4014

(1) This monitor shall be operable (or have OPERABIUTY) when It Is
capable of perForming its specified function(s)

(2) The functions of this monitor are listed In section (b) above.
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d) Monitors equivalent to 112-RE-4014

(1) 1/2-RE-4014 Is normally considered the PRIMARY MONITOR for
measuring activity released via the steam generator blowdown
processing system, and 1/2-RE4095 is normally considered the
BACKUP MONITOR for measuring activity released via the steam
generator blowdown processing system.

(2) In the event PRIMARY MONITOR (112-RE-4014) is Inoperable or
otherwise unavailable, the BACKUP MONITOR (112-RE-4095)
may fulfill the measuring, Indicating, and alarming functions
normally provided by the PRIMARY MONITOR.

(3) 1/2-RE-4095, Steam Generator Blowdown Effluent Radiation
Monitor, performs measurement, Indication, alarm, and Isolation
functions equivalent to 1/2-RE-4014 (see "Function of 1/2-RE-
4014" earlier in this section), unless 112-RE-4095 Is bypassed as
described below.

(4) It should be noted that if the steam generator blowdown
processing system heat exchangers are bypassed, it is possible
for blowdown flow to bypass 112-RE-4095 (the steam generator
blowdown effluent radiation monitor). If blowdown flow is allowed
to bypass 1/2-RE-4095, the minimum channels OPERABIUTY
requirement of Control 3.3.3.10 may not be satisfied (unless 112-
RE-4014 Is operable).

e) Radiological effluent controls for 1/2-RE4014

(1) Steam generator blowdown releases via this pathway may
continue if any one of the following two conditions are satisfied
(per Control 3.3.3.10):

(a) A steam generator blowdown monitor (either 112-RE4095
or 1/2-RE4014) Is OPERABLE (see 'OPERABILITY of
1/2-RE-4095; and 'OPERABILITY of 1/2-RE40140 earlier
in this section) AND the alarm setpoint for this monitor is
set to ensure the concentrations of radioactive materials
released In liquid effluents to UNRESTRICTED AREAS
are less than the concentrations specified in 10 CFR 20.
Appendix B. Table II, Column 2, or

(b) a grab sample is collected AND analyzed in accordance
with the provisions described below:

I) analysis shall determine EITHER the gross gamma
activity or gross beta activity of the sample

iI) sampling and analysis shall be completed at least
once per 12 hours if the specific activity of the
steam generator blowdown is greater than 0.01
microcuries per gram IODINE DOSE
EQUIVALENT
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*ii) sampling and analysis shaD be completed at least
once per 48 hours If the specific activity of the
steam generator blowdown Is less than or equal to
0.01 microcuries per gram IODINE DOSE
EQUIVALENT

lv) the LOWER LMITS OF DETECTION for the gross
gamma and/or gross beta analyses are In
accordance with the LLDs of Control 4.11.1.1.1

f) Surveillances for 1/2-RE-4014

(1) Control 4.3.3.10 requires demonstrating the OPERABILIlY of
1/2-RE-4014 by satisfying the checks, calibrations, and tests
listed below

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK prior to each release

(c) CHANNEL CALIBRATION within the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six
months

g) Setpoints for 1/2-RI-4014

(1) There are three radiation alarm setpoints associated with the
Steam Generator Blowdown Tank Radiation Monitor

(a) 112-RI-4014 fixed high radiation alarm and automatic
termination setpoint

(b) 112-Rl-4014 adjustable plant computer high radiation alarm
and manual termination setpotnt

(c) 1/2-RI-4014 low radiation alarm setpolnt

(2) In order to simplify the setpoint terminology, eliminate ambiguity,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpolnts as follows:

(a) The 112-RI4014 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed
setpolnt.

(b) The 1/2-RI4014 adjustable plant computer high radiation
alarm and manual termination setpoint will be referred to
as the adjustable setpolnt.

(c) The 112-RI-4014 low radiation alarm setpoint will be
referred to as the low setpoint
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(3) Each of these alarms Is described below.

h) The fixed setpolnt for 112-RI4014

(1) General Information

(a) The fixed setpoint is not adjusted for each release.

(b) Whenever the fixed setpoint Is exceeded, discharges from
the steam generator blowdown processing system to
UNRESTRICTED AREAS will be automatically suspended.

(c) The fixed setpoint corresponds to the maximum
concentration of radlonuclides allowed In liquid waste
discharged from the steam generator blowdown
processing system.

(d) The current value for the fixed setpoint is specified In the
CCNPP Alarm Manual.

(e) Th e CCNPP Alarm Manual refers to the fixed setpolnt as
the 1/2-RI-4014 Steam Generator Blowdown High Alarm.

(f) The fixed setpolnt Is Integral to the liquid release discharge
monitor, as purchased from the manufacturer,

(g) The fixed setpoint is administratively controlled by EN-1-
100.

(h) The fixed setpoint shall be calculated as described below1.

(2) Calculating the fixed setpoint for 112-RI-4014

(a) The fixed setpoint for 1/2-RI-4014 shall be calculated as
follows:

I Per Control 3.3.3.10.
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FIXED SETPOINT FOR 112-RI-4014

I S& < K.of Fd I F.) X[I(Am.) (0() I Bki ) Eq. IL1 I

Where,
Sfix = the fixed setpoint for 112-RI-4014 (cpm)

Kaf = a constant, actual a safety factor, which Is the ratio of the CC:NPP actNity limit to
the 10 CFR 20 MPC limit (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed
setpolnt Is always less than or equal to the limits of 10 CFR 20.

A safety factor of 1.00 will yield a fixed setpoint which corresponds to 1.0 MPC.

A safety factor of 0.500 will yield a fixed setpolnt which corresponds to 0.5 MPCs.

It Is recommended that a safety factor of 0.5 be used for calculating the fixed
setpolnt, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

The use of a "safety marginu is in accordance with the provisions of NUREG-0133,
SECTION 4.1.1, which states, 'The alarm and trip setpoints ... should correspond to
a value(s) which represents a safe margin of assurance that the instantaneous liquid
release limit of 10 CFR Part 20 is not exceeded."

This safety margin will prevent minor fluctuations in the nominal circulating water
flow rate (and other statistical aberrations) from adversely Impacting the calculated
fixed setpoint.

Fd = the dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED
AREAS

The dilution water flow rate Is actually the sum of the minimum circulating water flow
rate, the minimum salt water flow rate, and the maximum undiluted radwaste flow
rate.

The dilution water flow rate shall be calculated In accordance with equation 2L.

I Equation IL has been derived from NUREG-0133, Addendum, page M-1.
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DILUTION WATER FLOW RATE

Fd Fe. + Fs. + F. Eq.2L |

FeW = the minimum circulating water system flow rate necessary to conduct liquid releases

A minimum of two circulating water pumps (one circulating water pump per conduit
accepting radwaste) shall be operable when discharging liquid radwaste - via this
monitor - to outfall 001.

The flow rate of each circulating water pump is 200,000 gallons per minute.

Additional circulating water pumps may be required as specified in approved
CHEMISTRY SECTION procedures.

If a release of liquid radwaste from the steam generator blowdown system is to be
conducted using less than minimum circulating water flow rate necessary to conduct
liquid releases, the release shall not be allowed until a new setpolnt has been
calculated and entered Into 112-RI-4014 (unless the existing setpoint is
conservative), or otherwise comply with the ACTION requirements of Control
3.3.3.10.

Fsw = the minimum salt water system flow rate necessary to release liquid radwaste

If the minimum salt water flow rate available for liquid releases is unknown, difficult
to predict, or may decrease during a liquid release, a minimum salt water flow rate of
0 gpm should be used when calculating the fixed setpoint.

The maximum flow rate for one salt water pump Is listed on Attachment 2.

If a release of liquid radwaste Is to be conducted using less than the minimum salt
water flow rate necessary to conduct liquid releases, the release shall not be aliowed
until a new setpoint has been calculated and entered Into 1/2-RI-4014 (unless the
existing setpoint is conservative), or otherwise comply with the ACTION
requirements of Control 3.3.3.10.

Fu = maximum undiluted radwaste flow rate (gpm)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachments 2 and 3.

Since the steam generator blowdown flow rate (225 gpm maximum) is insignificant
relative to the circulating water flow rate (200,000 gpm per circulating water pump),
the steam generator blowdown flow rate need not be considered when calculating
the dilution water flow rate.

Since the maximum undiluted radwaste flow rate is used for calculating the fixed
setpoint, a flow setpoint is not required-for the flow measuring device in the effluent
line-to verify compliance with Control 3.3.3.10.
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Ain specific activity limit for.the release of radlonuclide, i, to UNRESTRICTED AREAS
(calculated In accordance with 10 CFR 20, Appendix B, Table 11, Note I as described
below; microcuries per milliliter)

In order to calculate a meaningful and accurate fixed setpoint, the specific
radlonuclides, 1, chosen for calculating the fixed setpoint should correspond to those
radionuclides found In TYPICAL RADWASTE RELEASES from CCNPP.

Attachment 5 provides further guidance for determining which radionuclides, i,
should be used to calculate a fixed setpoint. An acceptable alternative Is to assume
an Isotopic mix which results In a more conservative setpolnt.

Values for ALn shall be calculated, as described below, for each radionuclide.

SPECIFIC ACTIVITY LIMIT FOR RADIONUCLIDE, i

| ~~~~~As (fl) ( As ) Eq. 3L

= a fraction which represents the relative activity contribution of nucide I to the
average total effluent activity (unitless)

The average total effluent activity does not Include tritium or dissolved and entrained
noble gases.

This value may be obtained using the guidance provided on Attachment 5.

ArLnS = the sum of the total specific activities of all radionuclides found In a TYPICAL
LIQUID RADWASTE RELEASE (microcuriestcn 3)

This value corresponds to I MPC.

Calculate the value of An,, as shown below.

TOTAL SPECIFIC ACTIVITY CORRESPONDING TO I MPC AT THE SITE BOUNDARY

Z[(fi)(An.)IlA" I Eq.4L|

AILt = the specfic aciv'y mit for mdlonucide, i, as obtained from 10 CFR 20, Appendix B,
Table II, Column 2 (microcuriesfcm3)

For all the radionuclides found in TYPICAL RADWASTE EFFLUENTS, use the
value from 10 CFR 20, Appendix B, Table II, Column 2.

Tfuhbnido0 2TbINs2nThis formula has been derived from 10 CFR 20, Table II. Notes 1, 2, and-3,
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1 = the MPC limit (MPCs) for UNRESTRICTED AREAs

This value is based on the MPC limit from 10 CFR 20. Table 11, Note 1.

el = absolute detector efficiency for nuclide, I (cpm/microcuries per milliliter)

The detector efficiency for each radlonucilde may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (cpm)

Instead of using an approximation of the detector background, a value of 0 cpm may
be used as the detector background if so desired.

(3) Documenting the fixed setpolnt for 1/2-RI-4014

(a) Whenever the fixed setpoint Is calculated, the specific
values chosen for each of the variables shall be
documented In accordance with EN-1-100.

(4) Changing the fixed setpoint for 12-RI-4014

(a) If the fixed setpoint calculated In accordance with equation
IL exceeds the maximum range of the monitor, the fixed
setpoint shall be adjusted to a value which falls within the
normal operating range of the monitor.

(b) The fixed setpolnt may be established at values lower than
the maximum allowable setpolnt, if desired.

(c) A setpolnt change should be initiated whenever any of the
parameters Identified In equation IL (Identifiled in this
section of the ODCM) have changed.

(d) The fixed setpoint should not be changed unless one of
the following occurs:

I) the relative activity' of any radionuclide in TYPICAL
LIQUID EFFLUENTS has changed by greater than
10%, and the new radionuclide mixture yields a
fixed setpoint which Is 10% (or more) lower than
the current fixed setpoint,

ii) the minimum dilution water flow rate Is not available
for a liquid release,

iii) the values listed in 10 CFR 20, Table Ii, column 2
have changed,

iv) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

I As determined In accordance with Attachment 5.



OffsIte Dose Calculation Manual Page 85 of 325
Revision 6

v) the monitor Is not conservative In Its function (see
"Functions. of 1/2-RE-4014" earlier In this section).

(e) EN-1-100 contains the administrative controls associated
with changing and approving the fixed setpoint

I) The adjustable setpoint for 112-RI-4014

(1) General Information

(a) The adjustable setpolnt is calculated and adjusted prior to
each release from the steam generator blowdown
processing system.

(b) The adjustable setpoint is based on the specfic activities
of the radionuclides present In the undiluted liquid waste
(as determined by radiochemical analysis per Control
4.11.1.1.1).

tc) Whenever the adjustable setpolnt is exceeded, discharges
from the steam generator blowdown processing system
will be manually suspended.

(d) See 0I-8A for a full list of operator ACTONs taken in
response to this alarm.

(e) The adjustable setpoint corresponds to the maximum
concentration of radioruclides anticipated or expected In
discharges from the steam generator blowdown
processing system.

(f) The value for the adjustable setpoint Is recorded on the
liquid release permit In accordance with CHEMISTRY
SECTiON procedures.

(g) This alarm Is not Integral to the steam generator blowdown
tank radiation monitor, as purchased from the supplier.

(h) This alarm Is generated by the plant computer which
monitors output from 1/2-RI-4014, and provides an alarm
to plant operators when the 1/2-RI-4014 adjustable
setpoint has been exceeded.

(i) A value for the adjustable setpoint shall be calculated prior
to each release as shown below.

(2) Calculating the adjustable setpoint for 1/2-RI-4014

(a) The adjustable setpoint Is based on the specific activity of
the radionuclides in the undiluted liquid waste (as
determined by radiochemical analysis per Control
4.11.1.1.1), and Is calculated as shown below.
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Sdj 'C 2.50 2 [ Ai )(el) + Bkg Eq.SL|

Sayq = the adjustable setpoint for 1/2-RI4014 (cpm)

2.50 = a constant, actually a safety factor, which allows for fluctuation in radiation monitor
response (unitiess)

This safety factor helps ensure the release Is not unnecessarily termrinated due to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations in disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, and (5) errors associated with monitor
calibrations?

Ail, = specific activity of radionuclide, i, in the undiluted waste stream (microcuries per
milliliter)

el = absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (cpm)

(3) Documenting the adjustable setpoint for 1/2-RI-4014

(a) Whenever the adjustable setpoint is calculated, the
specific values chosen for each of the variables shall be
documented in accordance with approved CHEMISTRY
SECTION procedures.

(4) Changing the adjustable setpoint for 112-RI-4014

(a) If the adjustable setpoint exceeds the maximum range of
the monitor, the setpolnt shall be acljusted to a value which
falls within the normal operating range of the monitor.

(b) In all cases, the adjustable setpolnt shall be set to a value
which Is less than or equal to the fixed setpoint

(c) Chemistry procedures contain administrative controls
associated with calculating and approving an adjustable
setpolnt.

(d) Whenever 112-RI-4014 Is operable, the calculated value
for the adjustable setpoint shall be entered Into the plant

Equation 5L has been derived from NUREG-01 33, Addendum, page AAA1.
The *analysis erforsu and "calibration errors" refer to errors which are within established quality
assurance and quality control limits.

I
2
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computer prior to each release from the steam generator
blowdown and processing system.

(e) Plant Operating Instructions (e.g., 01-8A) contain
administrative controls associated with entering the
adjustable setpolnt In the plant computer.

I) The low alarm setpoint for 1/2-RI-4014

(1) This alarm Is integral to the steam generator blowdown tank
monitor, as purchased from the manufacturer.

(2) The current value for the low alarm setpoint is specified in the
CCNPP Alarm Manual.

(3) Changes to the low alann setpoint are controlled by EN--100.

(4) The ODCM does not address the calculations associated with the
low alarm setpoint.

LIMITS ON RADIONUCUDE CONCENTRATIONS IN LIQUID EFFLUENTS

1. Introduction

a) 10 CFR 20, Appendix B, specifies concentration limits associated with the
release of radioactive materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been established to implement the
requirements of 10 CFR 20.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The concentration of radioactive material released In liquid effluents to
UNRESTRICTED AREAS shall be limited to the concentrations specified
In 10 CFR 20, Appendix B, Table II, Column 2 for radionuclides other
than dissolved or entrained noble gases (per Control 3.11.1.1).

b) It should be noted that NUREG-0133 specifies that the concentration of
radioactive materials In liquid effluents to UNRESTRICTED AREAS shall
be limited to 2 E-4 microcurles per milliliter for dissolved or entrained
noble gases, this control has not been incorporated into the CCNPP
Technical Specifications, and as a result, the ODCM does not Include
calculations for same.

c) The routine surveillances which are performed to verify compliance with
these radiological effluent controls are described below.

3. SurveIllance Requirements

a) Routine surveillances for BATCH RELEASEs
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(1) Sample each "BATCH" of radioactive liquid waste prior to its
release (per Control 4.11.1.1.1).

(2) Determine the concentrations of principle gamma emitters
(Including, but not limited to, Mn-54, Fe-59, Co-58, Co-60, Zn-65,
Cs-134, Cs-137, Ce-141, 1-131, Mo-99, and Ce-144) In the
"BATCH" sample, prior to the BATCHI release (per Control
4.11.1 .1.1).

(3) Determine the concentration of tritlum contained In a monthly
COMPOSITE SAMPLE at least once per month (per Control

(4) Determine the concentrations of Sr-89 and Sr-90 contained in a
quarterly COMPOSITE SAMPLE at least once per quarter (per
Control 4.11.1.1.1).

(5) Calculate the concentrations of radionuclides In the receiving
waters at the point the liquid radioactive waste Is released to
UNRESTRICTED AREAS (per Control 4.11.1.1.2).

b) Routine surveillances for CONTINUOUS RELEASEs

(1) Sample CONTINUOUS RELEASEs of radioactive liquid waste at
least once per month (per Control 4.11.1.1.1).

(2) Determine the concentrations of principle gamma emitters
(including, but not limited to, Mn-54, Fe-59, Co-58, Co-60, Zn-65,
Cs-134, Cs-137, Ce-141, 1-131, Mo-99, and Co-144) In the
undiluted, CONTINUOUS waste stream sample (per Control
4.11.1.1.1).

(3) Calculate the concentrations of radlonudides In the receiving
waters at the point the liquid radioactive waste Is released to
UNRESTRICTED AREAS (per Control 4.11.1.1.2).

4. Responsible Plant Organizations

a) The CHEMISTRY SECTION Is responsible for performing the sampling,
analysis, and calculations required by the above surveillances.

b) The conditions which initiate the required surveillances are contained In
the following section.
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5. Initiating Conditions

a) The surveillances for BATCH RELEASEs shall be performed prior to
each BATCH RELEASE' and may be performed more often as specified
In approved CHEMISTRY SECTION procedures.

b) The surveillances for CONTINUOUS RELEASEs shall be performed at
least monthl 2 (until the CONTINUOUS RELEASE has been terminated)
and, If activity Is identlfled In the CONTINUOUS waste stream, the
surveillances may be performed more often as specified In approved
CHEMISTRY SECTION procedures.

6. Calculation Methodology

a) At CCNPP, there are two methodologies for calculating the
concentrations of radionuclides In the receiving waters, at the point of
release to UNRESTRICTED AREAS, resulting from the discharge of
liquid waste.

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer systern and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting information, are
presented In the following sections.

b) Rigorous method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
ensure the concentrations of radionucides In, UNRESTRICTED
AREAS are less than one MPC by verifying the following
inequality is true:

LIMIT ON CONCENTRATIONS OF RADIONUCLIDES IN UNRESTRICTED AREAS
(RIGOROUS METHOD)

(Fs IFd) F,(AuI/Aa~t) 5 1 Eq. BLI

I Per Control 4.11 .1.1.1.
2 Per Control 4.11.1.1.1.
a The LOWER LIMITS OF DETECTION shall conform to Control 4.11.1.1.1. Table 4.11-1.
4 Equation 6L has been derived from 10 CFR 20, Appendbc 8, Table II, Note 1.

---
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Fd = the actual dilution water flow rate (gpm) prior to the point of release to
UNRESTRICTED AREAS

The actual dilution water flow rate is the sum of the circulating water flow rate, the
salt water flow rate, and the undiluted radwaste flow rate.

The dilution water flow rate shall be calculated in accordance with equation 21

DILUTION WATER FLOW RATE

Fd - F + F." + Fu Eq. 2L

F. >,, = the actual circulating water system flow rate

The flow rate of each cIrculating water pump Is 200,000 gallons per minute.

Fsw = fthe salt water system flow rate

If the actual salt water flow rate is unknown or otherwise not readily available, a salt
water flow rate of 0 gpm may be used in equation 2L

The.maximum flow rate for one salt water pump Is listed on Attachment 2.

Fu = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate Is less than 1% of the total dilution water
flow rate, an undiluted radwaste flow rate of 0 gpm may be used In equation 2L.

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachments 2 and 3.

ALt = the specific activity imit for radlonuclide, I, as obtained from 10 CFR 20, Appendix B,
Table II, Column 2 (microcurleslcm3)

= the specific activity of nuclide, i, in the undiluted liquid radwaste (microcuries per
milliliter)

1 = the MPC limit (MPCs) for UNRESTRICTED AREAs

This value Is based on the MPC limit from 10 CFR 20, Table II, Note 1.

c) Simplified method

(1) Whenever a computer system and appropriate software are
unavailable to perform the rigorous calculations described In the
previous section, ensure the concentrations of radionuclides in
UNRESTRICTED AREAS are less than one MPC by veriing te
following Inequality Is true.
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LIMIT ON CONCENTRATIONS OF RADIONUCLIDES IN UNRESTRICTED AREAS
(SIMPLIFIED METHOD)

{Fu {I[(Fe) (Ai31L) (Kc)1)1}A < 1 Eq. 7L0

Fu = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate Is less than 1% of the total dilution water
flow rate, an undiluted radwaste flow rate of 0 gpm may be used in equation 2L.

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated In Attachments 2 dnd 3.

Fd the actual dilution water flow rate (gpm) prior to the point of release to
UNRESTRICTED AREAS

The actual dilution water flow rate Is the sum of the circulating water flow rate, the
salt water flow rate, and the undiluted radwaste flow rate.

DILUTION WATER FLOW RATE

Fd = Fw + Fw + Fe Eq.2L

Fcw cu the actual circulating water system flow rate

The flow rate of each circulating water pump is 200,000 gallons per minute.

Fsw = the actual salt water system flow rate

If the actual salt water flow rate Is unknown or otherwise not readily available a salt
water flow rate of 0 gpm may be used In equation 2L.

The maxdmum flow rate for one salt water pump Is Usted on Attachment 2.

Az13 1U = the specific activIty limit for 1-131 corresponding to te llrniting concentration
specified in 10 CFR 20, Appendix B, Table It, Column 2

This value Is 3E-7 microcuries per milliliter.

= the specific activity of nudide, i, In the undiluted liquid radwaste (microcuries per
milliliter)

Ks = a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to
the activity limit of 10 CFR 20, Appendix S, Table II, Column 2, (unitless) (per
Control 3.11.1.1)

I This equation has been derived from 10 CFR 20, Appendix S. Table II, Note 1.
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The safety factor chosen shall be less than or equal to 1.00. This ensures the
activity is always less than or equal to the activity limit of 10 CFR 20, Appendix B,
Table 11, Column 2.

A safety factor of 1.00 will yield a activity which corresponds to the 10 CFR 20,
Appendix B, Table 11, Column 2 activity limit

A safety factor of 0.500 will yield an activity which corresponds to one-half the
activity limit of 10 CFR 20, Appendix B, Table 11, Column 2.

It is recommended that a safety factor of 1.0 be used for calculating the activity,
however, other values-not to exceed 1.00-may be used as directed by the General
Supervisor Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive liquid release permits.
This administrative control Is designed to minimize the possibility of violating 10 CFR
20, Appendix B, Table II, Column 2 limits whenever simplifying assumptions are
used.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.

This safety factor has been Included in equation 7L to account for any potential
nonconservatism associated with applying the 1-131 MPC limit to all radlonuclides
identified in the liquid release. Such nonconservatism could conceivable be present
whenever radlonuclides which have an MPC value higher than the 1-131 MPC limit
are present In a liquid release.

d) Once the rigorous or simplified calculations have been completed, the
calculation results are compared to the applicable limits and corrective
ACTIONs are Initiated as described below.

7. Corrective ACTIONs

a) CHEMISTRY SECTION surveillance procedures shall contain and/or
reference administrative andlor Technical Specification limits for
concentration of radionuclides In liquid effluents and shall specify
corrective ACTIONs to be Initiated when these limits are exceeded.

b) Referto Control 3.11.1.1 forACTIONs to be taken in the event the
concentrations of radionuclides In UNRESTRICTED AREAS exceed one
MPC.
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MIITS ON CUMULATIVE TOTAL BODY DOSES AND CUMULATIVE ORGAN DOSES FOR
LIQUID EFFLUENTS

1. Introduction

a) Appendix I to 10 CFR 50 specifies total body dose limits and organ dose
limits associated with the release of radioactive liquids to
UNRESTRICTED AREAS.

b) The revised 10 CFR 20 (May 1991) requires licensees to make surveys
and demonstrate compilance wth the 1 mSiyr requirement of 10 CFR
20.1302. The I mSI/yr annual dose requirement Is a relaxation of the 10
CFR 50 dose limits. So, even though the effluent control program at
CCNPP has not fully Implemented the revised 10 CFR 20 (1991) - with
calculations based on Effluenf Concentfration Lftifs and Perived Air
Concentration Limits - CCNPP is In compliance with the annual dose
limit of I mSI/yr as specified in 10 CFR 20.1302. As a result, CCNPP
shows compliance with the annual dose rimit of 10 CFR 20.1302 using
the methodologies for cumulative total body dose and cumulative organ
dose.

c) Radiological effluent controls have been established to Implement the
requirements of 10 CFR 50, Appendix I.

d) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The total body dose to MEMBERS OF THE PUBIUC, from liquid waste
discharged to UNRESTICTED AREAS, shall be less than 3 mrems per
calendar quarter and 6 mrems per calendar year (Control 3.11.1.2).

b) The organ doses to MEMBERS OF THE PUBLIC, from liquid waste
discharged to UNRESTRICTED AREAS, shall be less than 10 mrems per
calendar quarter and 20 mrems per calendar year (Control 3.11.1.2).

c) The routine surveillances which are performed to verify compliance with
these radiological effluent controls are described below.

3. Surveillance Requirement(s)

a) Cumulative total body doses to MEMBERS OF THE PUBLIC In
UNRESTRICTED AREAS-bor the current calendar month, the calendar
quarter, the current calendar year, and the previous 92 days-shall be
calculated, In accordance with equation 8L, at least once per 31 days
(per Control 4.11.1.2 and 4.11.1.3).

b) Cumulative organ doses to MEMBERS OF THE PUBLIC in
UNRESTRICTED AREAS-for the current calendar month, the current i
calendar quarter, the current calendar year, and the previous 92 days--
shall be calculated, In accordance with equation 8L, at least once per 31
days (per Control 4.11.1.2 and 4.11.1.3).

4. Responsible Plant Organizations
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a) The CHEMISTRY SECTION Is responsible for performing the
surveillances, listed above, whenever the appropriate Initiating conditions,
listed below, are present
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5. Initiating Conditions

a) Perform the surveillances, listed above, at least once per 31 days (per
Control 4.11.1.2).

b) For BATCH RELEASEs, perform the surveillances, flisted above, prior to
each BATCH RELEASE of radioactive liquid waste In accordance with
approved CHEMISTRY SECTION procedures.

c) For CONTINUOUS RELEASEs, perform the surveillances, listed above,
at least monthly (until the CONTINUOUS RELEASE has been
terminated) and, f activt Is identified' In the CONTINUOUS waste
stream, the surveillances may be performed more often as specified in
approved CHEMISTRY SECTION procedures.

d) Whenever the correct iniiaing condtibons are present, the calculations
required by the above mentioned surveillance(s) shall be completed in
accordance with the methodology listed In the next section.

6. Calculation Methodology

a) The cumulative total body dose and the cumulative organ doses (for he
current calendar month, current calendar quarter, previous 92 days, and
current calendar year) shall be calculated as follows:

CUMULATIVE TOTAL BODY OR ORGAN, o, DOSE FROM LIQUID RELEASES, r

I DTOL E EDWL Eq. RL

DTcL = the sum total of the total body or organ, o, dose for all liquid releases discharged
during the applicable time Interval

Dor = the organ or total body dose resulting from release, r

Calculate the values of Dor for each liquid release as described below.

b) At CCNPP, two methods exdst for calculating D (i e, the total body and
organ doses resulting from any single release o1 radioactive liquid to an
UNRESTRICTED AREA).

(1) The dgorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting Information, are
presented In the following sections.

I The LOWER LIMIS OF DETECTION shall conform to Control 4.11.1.1.1, Table 4.11-1.
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c) Rigorous method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
the dose commitments due to each release of radioactive liquid to
an UNRESTRICTED AREA shall be calculated In accordance with
the following equation:

DOSE TO THE TOTAL BODY OR ORGAN, o, FROM A LIQUID RELEASE (RIGOROUS
EQUATION)

Do = V./[(60)(Fd)]) E((At)(C*)) _ Eq. 9L'

Where,
Fd = actual dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED

AREAS

The actual dilution water flow rate is the sum of the circulating water flow rate, the
salt water flow rate, and the undiluted radwaste flow rate.

The dilution water flow rate shall be calculated in accordance with equation 2L.

DILUTION WATER FLOW RATE

F a F. + Few + Fs _Eq.2L

= actual circulating water system flow rate

The flow rate of each circulating water pump is 200,000 gallons per minute.

actual salt water system flow rate

If the actual salt water flow rate Is unknown or otherwise not readily available a salt
water flow rate of 0 gpm may be used in equation 2L

The maximum flow rate for one salt water pump Is listed on Attachment 2.

actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate Is less than 1% of the total dilution water
flow rate, an undiluted radwaste flow rate of 0 gpm may be used In equation 2L

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachments 2 and 3.

Equation 9L has been derived from NUREG-Ol 33, 4.3.



Offslte Dose Calculatlon Manual Page 97 of 325
Revision 6

Vu = volume of undiluted radwaste (gallons)

= specific activity of nuclide, I, In the undiluted liquid radwaste (microcurles per
milliliter)

CIO = liquid release dose factor for nucilde, I, and organ, o (mrem/hr per microcurie/ml)

The liquid release dose factors for principal gamma and beta emitters are listed in
Attachment 6.

The liquid release dose factors for principal gamma and beta emitters were obtained
In accordance with the methodology of NUREG-0133, section 4.3.1 (for salt water
sites).

60 = a constant, the number of minutes per hour

(3).. In the event a computer system Is unavailable, a simplified
equation may be used to calculate the total body and organ dose
commitments due to Individual liquid releases.

(4) The simplified method Is presented below.

d) Simplified methods

(1) Whenever a computer system Is unavailable to perform the
rigorous total body dose calculations described In the previous
section, the total body dose communitments-due to each release of
radioactive liquid to an UNRESTRICTED AREA-may be
calculated In accordance with equation 10L.

(2) Whenever a computer system Is unavailable to perform the
rigorous organ dose calculations described In the previous
section, the dose commitments--to the maximum exposed organ,
due to each release of radioactve liquid to an UNRESTRICTED
AREA-may be calculated In accordance with equation 11 L.

TOTAL BODY DOSE FROM A LIQUID RELEASE (SIMPLIFIED EQUATION)

Dh - ( C(58-.6)(VJ)j[(Kaf)(Fd)1) Do Eq.1L'|

Dt, = dose cormmitment, to the total body, due to each release of radioactive liquid to an
UNRESTRICTED AREA

58.6 = a conversion constant which includes:

1) 1.33E4 mrem/hr per microcurlelmn (the total body dosefactorforCs-134)

2) 1.000 hr/60.00 min

Equations 10L has been derived from NUREG-0133, 43.
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3) 1.000 gallons/3.785 liters

Vu = volume of undiluted radwaste (liters)

Kgf = a constant, actually a safety factor, which is the ratio of the CCNPP total body dose
limit to the total body dose limit of Control 3.11.1.2, (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the total
body dose Is always less than or equal to the total body dose limit of Control
3.11.1.2.

A safety factor of 1.00 will yield a total body dose which corresponds to the total
body dose limit of Control 3.11.1.2.

A safety factor of 0.500 will yield an total body dose which corresponds to one-half
the total body dose limit of Control 3.11.1.2.

It is recorimmended that a safety factor of 1.0 be used for calculating the total body
dose, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive liquid release permits.
This administrative control is designed to minimize the possibility of violating Control
3.11.1.2 when simplifying assumptions are used.

The use of a safety factor Is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radIation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

This safety factor has been Included In equation 1OL to account for any potential
nonconservatism associated with applying the Cs- 134 total body dose conversion
factor to all radionucdides identified in the liquid release. Such nonconservatism
could conceivable be present whenever radionuclides having a dose conversion
factor greater than that of Cs-1 34 are present. in a liquid release.

Fd = actual dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED
AREAS

The actual dilution water flow rate Is the sum of the circulating water flow rate, the
salt water flow rate, and the undiluted radwaste flow rate.

The dilution water flow rate shall be calculated in accordance with equation 2L.
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DILUTION WATER FLOW RATE

Fd F= ew + Fe + F Eq.2L

Ft = actual circulating water system flow rate

The flow rate of each circulating water pump is 200,000 gallons per minute.

Few,,, = actual salt water system flow rate

If the actual salt water flow rate is unknown or otherwise not readily available, a salt
water flow rate of 0 gpm may be used In equation 2L

The maximum flow rate for one salt water pump is listed on Attachment 2.

Fu = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate is less than 1% of the total dilution water
flow rate, an undiluted radwaste flow rate of 0 gpm may be used In equation 2L.

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated In Attachments 2 and 3.

= specific activity of nuclide, I, in the undiluted liquid radwaste (microcurles per
milliliter)

DOSE TO THE ORGAN, o, FROM A LIQUID RELEASE (SIMPLIFIED EQUATION)

Do u {1(449)(VV)1J[Kr)(Fd)j] YAu Eq.11L1 |

II

.,I

Do = the dose commitment to the maximum exposed ORGAN due to each release of
radioactive liquid waste to an UNRESTRICTED AREA

449 = a conversion constant which Includes:

1) 1.0225 mrem/hr per microcurielml (the dose factorforl-131 to the thyrold)

2) 1.000 hr/60.00 min

3) 1.000 gallons/3.785 riters

Vu = volume of undiuted radwaste (1iters)

Kgf = a constant, actually a safety factor, which is the ratio of the CCNPP organ dose limit
to the organ dose limit of Control 3.11.1.2, (unitless)

Equations IIL has been derived from NUREG-0133, 4.3.
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The safety factor chosen shall be less than or equal to 1.00. This ensures the organ
dose is always less than or equal to the organ dose limit of Control 3.11.1.2.

A safety factor of 1.00 will yield a organ dose which corresponds to the organ dose
limit of Control 3.11.1.2.

A safety factor of 0.500 will yield an organ dose which corresponds to one-half the
organ dose limit of Control 3.11.1.2.

It Is recommended that a safety factor of 1.0 be used for calculating the organ dose,
however, other values-not to exceed 1.00-may be used as directed by the General
Supervisor Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive liquid release permits.
This administrative control is designed to minimize the possibility of violating Control
3.11.1.2 when simplifying assumptions are used.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

This safety factor has been included in equation 11 L to account for any potential
nonconservatism associated with applying the 1-131 thyroId dose conversion factor
to all radionuclides Identified in the liquid release. Such nonconservatism could
conceivable be present whenever radionuclides having a dose conversion factor
greater than that of 1-131 are present In a liquid release.

Fd = dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED
AREAS

The actual dilution water flow rate is the sum of the circulating water flow rate, the
salt water flow rate, and the undiluted radwaste flow rate.

The dilution water flow rate shall be calculated in accordance with equation 2L.

DILUTION WATER FLOW RATE

F'd Z Fm + F. + Fu Eq. 2L

F.<,,, = actual circulating water system flow rate

The flow rate of each circulating water pump is 200,000 gallons per minute.
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FS W salt water system flow rate

If the actual salt water flow rate Is unknown or otherwise not readily available, a salt
water flow rate of 0 gpm may be used in equation 2L

The maximum flow rate for one salt water pump is listed on Attachment 2.

Fu = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate Is less than 1% of the total dilution water
flow rate, an undiluted radwaste flow rate of 0 gpm may be used in equation 2L.

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated In Attachments 2 and 3.

= specific activity of nucilde, I, in the undiluted liquid radwaste (microcuries per
milliliter)

7. Corrective ACTIONs

a) CHEMISTRY SECTION surveillance procedures shall contain andlor
reference administrative and/or Control limis for cumulative total body
doses or cumulative organ doses resulting from liquid effluents and shall
specify corrective actions to be initiated when these limits are exceeded.

b) Refer to Control 3.11.1.2 for actions to be taken In the event the
calculated cumulative total body dose exceeds 3 rnrem per calendar
quarter or 6 mrem per calendar year.

c) Refer to Control 3.11.1.2 for actions to be taken In the event the
calculated cumulative organ dose-for any organ-exceeds 10 mrem per
calendar quarter or 20 mrem per calendar year.

LIMITS FOR THE LIQUID WASTE PROCESSING SYSTEM

1. Introduction

a) 10 CFR 50.36a requires licensees to maintain and use the equipment
Installed In the liquid waste processing system for the purpose of
controlling effluents to the environment.

b) Radiological effluent controls have been established to Implement.the
requirements of 10 CFR 50.36a.

c) Different documents (e.g., Technical Specifications or NUREG-0472)
may reference this effluent control using a variety of synonymns.
Examples of some of these synonymns Include terms such as the
PROJECTED DOSE, the 92-DAY PROJECTED DOSE, the 92-DAY
CUMULATIVE DOSE, the DOSE IN A 92-DAY PERIOD, or the DOSE
FOR THE PREVIOUS 92 DAYS. The ODCM methodology for calculating
this dose - by whatever name - Is based on a simple sum of the dose
contributions for the previous 92 days. As result, all the terms listed



Offsite Dose Calculatlon Manual Page 102 of 325
Revision 6

above are considered as equivalent quantities for purposes of this
effluent control at CCNPP. For simplicity, the ODCM generally uses the
phrase dose for the previous 92 days when referencing this effluent
control.

d) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The liquid radwaste processing system shalt be used to reduce the
quantity of radioactive materials in lquid waste released to the
environment whenever the total body dose to MEMBERS OF THE
PUBLIC, from liquid waste discharged to UNRESTRICTED AREAS, Is
greater than 0.36 mrem for the previous 92 days (per Control 3.11 .1.3).

b) The liquid radwaste processing system shall be used to reduce the
quantity of radioactive materials in liquid waste released to the
environment whenever the organ doses to MEMBERS OF THE PUBLIC,
from liquid waste discharged to UNRESTRICTED AREAS, Is greater than
1.20 mrem for the previous 92 days (per Control 3.11.1.3).

c) The routine surveillances which are performed to verify compliance with
this radiological effluent controls are described below.

3. Surveillance Requirement(s)

a) The previous 92-day, cumulative, total body dose-to MEMBERS OF THE
PUBUC In UNRESTRICTED AREAS-shall be calculated, as described
in the ODCM, at least once per 31 days (per Control 4.11.1.3).

b) The previous 92-day, cumulative, organ doses-to MEMBERS OF THE
PUBUC In UNRESTRICTED AREAS-shall be calculated, as described o
In the ODCM, at least once per 31 days (per Control 4.11.1.3).

c) The CCNPP organrzatlon(s) responsible for performing these
surveillances are Identified In the next section.

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION Is responsible for performing the
surveillances, listed above, whenever the appropriate initiating conditions,
listed below, are present

5. Initiaftng Conditions

a) Perform the surveillances, listed above, at least once per 31 days (per
Control 4.11.1.3).

b) For BATCH RELEASEs, perform the surveillances, listed above, prior to
each BATCH RELEASE of radioactive liquid waste in accordance with
approved CHEMISTRY SECTION procedures.

c) For CONTINUOUS RELEASEs, perform the surveillances, listed above,
at least monthly (until the CONTINUOUS RELEASE has been
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terminated) and, If activity Is identified' In the CONTINUOUS waste
stream, the surveillances may be performed more often as specified In
approved CHEMISTRY SECTION procedures.

d) Whenever the correct Initiating conditions are present, the calculations
required by the above mentioned swveillance(s) shall be completed In
accordance with the methodology contained in the following section.

6. Calculation Methodology

a) The cumulative total body dose and the cumulative organ doses for the
previous 92 days shall be calculated in accordance with equation 8L
found In the section, "Limits On Cumulative Total Body Doses And
Cumulative Organ Doses For Liquid Effluents", found elsewhere in the
ODCM.

7. Corrective ACTIONs

a) CHEMISTRY SECTION surveillance procedures shall containtand or
reference administrative and/or Control limits for cumulative total body
doses or cumulative organ doses resulting from liquid effluents and shall
specify corrective ACTIONs to be Initiated when these limits are
exceeded.

b) Refer to Control 3.11.1.3 for ACTIONs to be taken In the event the
calculated cumulative total body dose exceeds 0.36 mrem for the
previous 92 days.

c) Refer to Control 3.11.1.3 for ACTIONs to be taken In the event the
calculated cumulative organ dose-for any organ-exceeds 1.2 mrem for
the previous 92 days.

I The LOWER LIMITS OF DETECTION shall conform to Control 4.11.1.1.1, Table 4.11-1.
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RADIOACTIVE GASEOUS EFFLUENTS

RELEASE PATHWAYS r85271

1. Introduction

a) Radioactive gaseous waste generated from operation of CCNPP may be
released to the atmosphere.

b) By design (I.e., In the absence of primary-to-secondary leaks), there are
2 pathways by which waste gas from the site may be discharged to the
atmosphere. These pathways are listed below. General Information
related to each of these potential release pathways is contained on
Attachment 7.

(1) Unit I main vent stack

(2) Unit 2 main vent stack

c) Depending on plant conditions, (e.g., primary-to-secondary leaks) a
potential exists for the release of radioactive materials from other
pathways. Examples of these pathways are listed below. General
information related to each of these potential release pathways Is
contained on Attachment 8.

(1) auxiliary boller deaerator

(2) steam generator atmospheric steam dump system

(3) plant nitrogen system

(4) turbine building ventilation exhaust

(5) emergency air lock

(6) plant compressed air

(7) main steam line penetrations

(8) containment equipment hatch

(9) auxiliary feed pumps

d) All of these pathways are described below.

2. Unit I Main Vent Stack

a) Dilution air and radioactive gaseous waste are discharged to the
atmosphere through the Unit I main vent stack.

b) The radioactive gaseous waste is mixed with and diluted by the outside
air and building exhausts prior to exiting the Unit I main vent stack.
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c) The Unit 1 main vent stack Is secured to the Unit 1 reactor containment
building.

d) The top of the Unit 1 main vent stack Is at elevation 203.5 feet (mean sea
level, MSL), and as such Is 10.1 feet above the top of the reactor
containment building dome. As a result, the Unit I main vent stack does
not qualify as a 'free-standing" stack greater than 80 meters tall".

e) The Unit I main vent stack is designed to accept gaseous radioactive
waste from various sources. Sources which may contribute radioactive
material to the Unit I main vent stack are tabulated In Attachment 7.

3. Unit 2 Main Vent Stack

a) Dilution air and radioactive gaseous waste are discharged to the
atmosphere through the Unit 2 main vent stack.

b) The Unit 2 main vent stack Is designed to accept radioactive gaseous
waste from various sources.

c) The radloabtive gaseous waste Is mixed with and diluted by the outside
air and building exhausts prior to exiting the Unit 2 main vent stack.

d) The Unit 2 main vent stack Is secured to the Unit 2 reactor containment
building.

e) The top of the Unit 2.maln vent stack Is at elevation 203.5 feet (MSL),
and as such Is 10.1 feet above the top of the reactor containment building
dome. As a result, fte Unit 2 main vent stack does not qualify as a "free-
standing' stack greater than 80 meters tall.'

f) The Unit 2 main vent stack Is designed to accept gaseous radioactive
waste from various sources. Sources which may contuibute radioactive
material to the Unit 2 main vent stack are tabulated in Attachment 7.

4. Auxiliary Boller Deaerator

a) Radioactive gases may be vented from the auxiliary boiler deaerator
during periods of primary to secondary leakage.

b) Steam from the Moisture Separator Reheater (MSR) may be used In the
deaerator. In the event of a primary to secondary leak, the MSR steam
could become contaminated. Therefore, a potential exists for the release
of radioactive gases In steam discharged from the auxiliary boiler
deaerator.

c) The discharge of steam Is accomplished via a relief vent, -VBV-1891,
which allows excess pressure to be vented to atmosphere.

I As defined by Regulatory Guide 1.111
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d) In the event the auxiliary boller deaerator were to become contarminated,
the amount of radioactivity released and the resulting doses/dose rates at
the SITE BOUNDARY can be estimated if the following parameters are
known:

(1) the MSR steam activity obtained from a sample,

(2) the duration of the discharge,

(3) the estimated steam discharge flow rate, and

(4) the measured or average annual meteorological conditions.

e) In accordance with applicable safet evaluations', continued operation of
this system is allowed as long as the concentration of radionuclides In the
auxiiiary boller steam drum Is less than 96 MPCs.

5. Steam Generator Atmospheric Steam Dump System

a) Radioactive gases are not normally vented from this pathway.

b) Radioactive gases may be vented from the steam generator atmospheric
steam dump system during periods of primary to secondary leakage.

c) If a primary to secondary leak Is present and the steam dump valves are
opened, the amount of radioactivity released and the resulting
doses/dose rates at the SITE BOUNDARY can be estimated if the
followIng parameters are known (per UFSAR, 10.1.2.2):

(1) the specific activity of a main steam sample as determined by
GAMMA ISOTOPIC ANALYSIS,

(2) the duration of discharge,

(3) the estimated steam discharge flow rate, and

(4) the measured or average annual meteorological conditions.

d) The total capacity of the atmospheric steam dump valve is 5 percent of
steam flow with the reactor at full power (per UFSAR, 10.1.2.2).

6. Plant Nitrogen System

a) Radioactive gases are not normally vented from this pathway.

b) Nitrogen Is suppled to various components which contain radioactive
materials (e.g., VCT).

c) In the event the plant nitrogen system were to become contaminated, the
amount of radioactivity released and the resulting doses/dose rates at the
SITE BOUNDARY can be estimated If the following parameters are
known:

See 50.59 Log No. 90-0027-037-Ri.
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(1) the specific activity of the gas In the plant nitrogen system as
deternined by GAMMA ISOTOPIC ANALYSIS,

(2) the pressure of the nitrogen system,

(3) the volume of the nitrogen system, and

(4) the measured or average annual meteorological conditions.

d) It should be noted that the amount of radioactivty released could be
estimated based on knowledge of other related parameters.

e) In accordance with applicable safety evaluations', continued operation of
this system Is allowed as long as the concentration of radionucildes Is
less than 13,400 MPCs.

7. Turbine Building Exhaust

a) Radioactive gases are not normally vented from this pathway.

b) In the event radioactive gases were to be released through the turbine
building exhaust, the amount of radioactivity released and the resulting
doses/dose rates at the SITE BOUNDARY can be estimated if the
following parameters are known:

(1) the specific activity of the turbine building air,

(2) the duration of the discharge,

(3) the estimated flow rate during the discharge, and

(4) the measured or average annual meteorological conditions.

8. Emergency Air Lock

a) Radioactive gases are not normally vented from this pathway.

b) In the event radioactive gases were to be released through the
emergency air lock, the amount of radioactivity released and the resulting
doses/dose rates at the SITE BOUNDARY can be estimated If the
following parameters are known:

(1) the containment air activity obtained from. a sample,

(2) the volume of the air lock (9.558 cubic meters),

(3) the measured or average annual meteorological conditions.

9. Plant Compressed Air

a) Radioactive gases are not normally vented from this pathway.

See 50.59 Log No. 90-0-074-011-RI.
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b) In ft event the plant compressed air system were to become
contaminated, the amount of radioactivity released and the resulting
doses/dose rates at the SITE BOUNDARY can be estimated If the
following parameters are known:

(1) the specific activity of the compressed air system,

(2) the pressure of the compressed air system,

(3) the volume of the compressed air system, and

(4) the measured or average annual meteorological conditions.

10. Main Steam LIne Penetrations

a) Radioactive gases are not normally vented from this pathway.

b) This penetration Is cooled by outside air.

c) Gases may be released to the atmosphere through safety vents to the
roof at elevation 91.5 feet.

d) See UFSAR 9.8.2.3.

11. Steam Driven Auxiliary Feed Pumps

a) Radioactive gases are not normally vented from this pathway.

b) In the event radioactive gases were to be released through the auxiliary
feed pumps, the amount of radioactivity released and the resulting
doses/dose rates at the SITE BOUNDARY can be estimated if the
following parameters are known:

(1) the actlty in the steam,

(2) the volume of steam released.

12. Containment Equipment Hatch

a) Radioactive gases are not normally vented from this pathway.

b) In the event radioactive gases were to be released through the
containment equipment hatch, the amount of radloacfity released and
the resulting doses/dose rates at the SiTE BOUNDARY can be estimated
if the following parameters are known:

(1) the containment air activity obtained from a sample,

(2) the volume of the air released,

(3) the measured or average annual meteorological conditions.
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13. Other unmonitored release paths should be evaluated and added to the ODCM
as necessary.

TYPES OF GASEOUS RELEASES

1. All gaseous radwaste releases are classified as either BATCH RELEASEs or
CONTINUOUS RELEASEs.

2. The definition of BATCH RELEASE Is Included In the definitions section of the
ODCM.

3. The definition of CONTINUOUS RELEASE Is Included in the definitions section
of the ODCM.

4. Gaseous radwaste discharges have been classified as CONTINUOUS or
BATCH as shown on Attachments 7 and 8.

PROCESSING EQUIPMENT

1. SImplified Flow Diagram

a) An overview of the gaseous waste processing system, including major
equipment and (normal) flow paths, Is outlined on Attachment 9.

2. Modifications

a) Licensed initiated major changes to the gaseous waste processing
system shall be reported to the Commission In the Radioactive Effluent
Release Report for the period In which the modification to the waste
system was completed (per Technical Specification 6.6.3 or Improved
Technical Specification 5.6.3). The discussion of each change shall
contain:

(1) A description of the equipment, components and processes
involved- and

(2) Documentation of the fact that the change, Including the safety
analysis, was reviewed and found acceptable by the onsite review
function.

b) A rMajoru change or modification Includes, but is not limited to, the
removal or permanent bypass of any of the following:

(1) waste gas decay tank

(2) waste gas surge tank

(3) degassifier

(4) HEPA filter

(5) charcoal filter
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3. Detailed Description

a) A detailed description of the gaseous waste processing system is beyond
the scope of the ODCM.

b) For more information on the Waste Gas System, see the CCNPP System
Description Number 14A, "Waste Gas System."

c) For more Information on the Waste Gas System, see the CCNPP
Updated Final Safety Analysis Report, Chapter 11, "Waste Processing
And Radiation Protection."

GASEOUS EFFLUENT RADIATION MONiTORS AND SETPOINTS

1. Wide Range Gas Monitor (1-RE-5416)

a) General description

(1) The Wide Range Gas Monitor (WRGM) contains 3 radiation
elements

(a) low-range noble gas detector

i) Designation of radiation element 1-RE-5416

ii) type of radiation element Off-line scintillation

iii) output: digital

iv) Radiation Indicator: 1-RIC-5415

v) units for radiation Indicator are user programmable
and are normally set to microcurles per cubic
centimeter or microcurles per second

vi) supplier: Sorrento Electronics (formerly General
Atomics)

(b) mid-range, noble gas detector

i) Designation of radiation element: 1-RE-5417

ii) type of radiation element Solid state

iii) This noble gas monitor is used to measure the
release of radioactivity from unit 1 main vent in the
event of an accident. (UFSAR, 11.2.3.2.12)

iv) setpolnts for the mid-range detector will not be
addressed in the ODCM

(c) high-range, noble gas detector

1) Designation of radiation element 1-RE-5418
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II) type of radiation element: Solid state

iii) This detector Is used to measure the release of
radioactivity from unit 1 main vent In the event of
an accident.. (UFSAR, 11.2.3.2.12)

iv) setpoints for the high-range detector will not be
addressed In the ODCM

(2) The low range detector will be the only detector addressed further
In the ODCM.

b) Functions of 1-RE-5416

(1) continuously measure the release rate of noble gases emanating
from the Unit I main vent stack (Control 4.11.2.1.1 or 4.11.2.1.2,
Table 4.11-2)

(2) continuously Indicate (via 1-RIC-5415) the release rate of noble
gases emanating from the Unit 1 main vent stack (Control
4.1 1.2.1.1 or Control 4.11.2.1.2, Table 4.11-2)

(3) alarm (via 1-RIC-5415) prior to exceeding the site-boundary,
noble-gas, total-body-dose-rate limit of 500 mr/yr (per Control
3.11.2.1.a)

(4) alarm (via 1-RIC-5415) prior to exceeding the site-boundary,
noble-gas, skin-dose-rate limit of 3000 mr/yr (per Control
3.11.2.1 .a)

c) OPERABILITY of 'l-RE-5416

(1) This monitor shall be operable (or have OPERABILITY) when It Is
capable of performing Its specified function(s).

(2) The functions of this monitor are listed In section (b) above.

d) Monitors equivalent to 1-RE-5416

(1) 1-RE-5415 [the 'Westinghouse Plant Vent Stack Monitor"] has the
capability of providing the measurement and alarm functions of 1-
RE-5416 during times when 1-RE-5416 Is declared Inoperable.

(2) 1-RE-5415 provides redundant monitoring [for 1-RE-5416] at the
low end of the concentration ranges (UFSAR 11.2.3.2.12).

(3) In the event 1-RE-5415 Is Inoperable or otherwise unavailable,
1-RE-5416 may fulfill the measuring, Indicating, and alarming
functions normally provided by 1-RE-5415.

e) Radiological effluent controls for 1-RE-5416

(1) Control 3.3.3.9 states that releases via the plant vent stack may
continue If any one of the following three conditions are satisfied:
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(a) 1-RE-5415 Is operable AND the alarm setpolnt for 1-RI-
5415 Is set to ensure the annual dose rates due to noble
gases at the SITE BOUNDARY are less than 500 mr/yr to
the total body and are less than 3000 mr/yr to the skin (per
Control 3.11.2.1.a), or

(b) an "equIvalent monitors is operable AND the alarm trip
setpoint for the 'equivalent monitor" Is set to ensure
annual dose rates due to noble gases at the SITE
BOUNDARY are less than 500 mr/yr to the total body and
are less than 3000 mr/yr to the skin (per Control
3.11.2.1.a), or

(c) grab samples are obtained and analyzed for gross activity
at least once per 24 hours In accordance with Controls
3.11.2.1.a, 4.11.2.1.1, and 4.11.2.1.2 (per Control 4.3.3.9,
Table 3.3-12, ACTION 37).

f) Surveillances for 1-RE-5416

(1) Control 4.3.3.9 requires demonstrating the OPERABILITY of 1-
RE-541 8 by satisfying the checks, calibrations, and tests listed
below:

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK within the past 31 days

(c) CHANNEL CALIBRATION WithIn the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six
months
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g) Setpolnts for 1-RIC-5415

(1) Requirements and commitments

(a) The alarm and fixed setpolnts ... shall be determined and
adjusted In accordance with the methodology and
parameters of the ODCM. (Control 3.3.3.9)

(b) The method for calculating fixed or adjustable setpolnts
shall be provided In the ODCM (per NUREG-0133, 5.1.1).

(2) There are four radiation alarm setpolnts associated with, or
otherwise related to, the WRGM.

(a) 1-RIC-5415 fixed hIgh-high radiation alarm setpolnt

(b) 1-RIC-5415 fixed high radiation alarm setpoint

(c) 1-RIC-5415 adjustable plant computer high radiation alarm
setpolnt

(d) 1-RIC-5415 adjustable plant computer alert setpoint.

(3) In order to simplify the setpoint terminology, eliminate ambiguity,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpoints as follows

(a) The 1-RIC-5416 fixed high-high radiation alarm setpoint
will be referred to as the fixed high alarm setpoint

(b) The 1-RIC-5415 fixed high radiation alarm setpolnt will be
referred to as the fixed alert setpoInt

(c) The 1-RIC-5415 adjustable plant computer high radiation
alarm setpolnt will be referred to as the adjustable setpolnt

(d) The 1-RIC-5415 adjustable plant computer alert setpoint
will be referred to as the alert setpoint.

(4) Each of these alarm setpolnts are described below.

h) Fixed high alarm setpolnt for 1-RIC-5415

(1) General information

(a) The fixed high alarm setpolnt Is not adjusted for each
release.

(b) Whenever the fixed high alarm setpoint Is exceeded, an
alarm will be generated.

(c) The current value for the fixed high alarm selpoint Is
specified In the CCNPP Alarm Manual.
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(d) The CCNPP Alarm Manual' refer to the fixed high alarm
setpoint as the Unit I Wide Range :Noele Gas Radiation
Monitor high alarm setpolnt

(e) The fixed high alarm setpoint is Integral to the WRGM, as
purchased from the supplier.

(f) The fixed high alarm setpoint Is administratively controlled
by EN-1-100.

(g) The fixed high alarm setpoint shall be calculated as
described below.

(2) Calculating the fixed high alarm setpoint for 1-RIC-5415

(a) The fixed high alarm setpoint for 1-RIC-5415 (WRGM)
shall be calculated in accordance with equation IG?

FIXED HIGH ALARM SETPOINT FOR 1-RIC-5415

I '%fm~Sexh 5. [e(x/Q)J[PdxI(Fd1 *PF)1CAr,.J Eq. leI

Where,
Sfbm = the fixed high alarm setpoint for 1-RIC-5415 (microcuries per second)

c' = a conversion constant (1 ES cubic centimeters per cubic meter)

xIQ = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

Unit I main vent releases are considered "long-tern" releases', and as such, the
highest historical annual average dispersion factor, (x/Q), is used In the setpoInt
calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

Fdx, = the estimated main vent stack (diluted gaseous radwaste) flow rate for unit, x, (cubic
meters per second)

The estimated main vent stack flow rates for Unit 1 and Unit 2 are defined below.

The CCNPP Alarm Manual is controlled by NO-1 -201.
2 The alarm and trip setpoints ... shall be determined and adjusted In accordance ith the

methodology and parameters of the ODCM. (Control 3.3.3.9).
4 Equation IG has been derived from NUREG0133, 521.

NUREG"0133, 3.3
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Fdl = the estimated niafn vent stack flow rate for Unit I (cubtc meters per second)

Since the main vent stack flow rate wiN vary depending on the configuration of air
dampers and the Input gas streams, nominal main vent stack flow rate Is used to
calculate the fixed high alarm setpoint.

Use the nominal Unit I main vent stack flow rate, listed on Attachment 7.

The main vent stack flow rate shall be determined, In accordance with approved
procedures, at least once per 6 months (± 25%). The Test and Equipment Unit shall
be responsible for performing this test The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODCM are an
accurate reflection of the true main vent flow rates. The Radiological Effluent
Technical Specifications (RETS) Program Manager Is responsible for modifying the
(main vent flow rates used In the) ODCM In the event the main vent flow rate for
either Unit 1 or Unit 2 has increased to a value which is greater than the maximum
discharge flow rates listed on Attachment 7.

Fd2 Mthe estimated main vent stack (diluted gaseous radwaste) flow rate for unit 2 (cubic
meters per second)

Since the main vent stack flow rate wflI vary depending on the configuration of air
dampers and the Input gas streams, nominal main vent stack flow rate Is used to
calculate the fixed high alarm setpoint

Use the nominal Unit 2 main vent stack flow rate listed on Attachment 7.

The main vent stack flow rate shall be determined, In accordance with approved
procedures, at least once per 6 months (± 25%). The Test and Equipment Unit shall
be responsible for performing this test The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODOM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager Is
responsible for modifying the (main vent-flow rates used In the) ODCM In the event
the main vent flow rate for either Unit I or Unit 2 has Increased to a value which Is
greater than the maximum discharge flow rates listed on Attachment 7.

Agon = the sum of the total specific activities of all radionuclides found in TYPICAL
GASEOUS RADWASTE RELEASES (microcuries/cm 3)

Calculate An., In accordance with equation 2G.
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SPECIFIC ACTiVITY CORRESPONDING TO THE SITE BOUNDARY LIMIT
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YX[(fi)(An.u)I1At < Lupc Eq. 20'

Where,
f, = a fraction which represents the relative activity contribution of noble gas radlonucilde

I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value may be obtained using the guidance provided on Attachment 5.

ALt = the specific activity limft for radionuclide, I, as obtained from 10 CFR 20, Appendix B,
Table 11, Column 1 (microcurieslc 3)

For all the radionuclldes found In TYPICAL RADWASTE EFFLUENTS, use the
value from 10 CFR 20, Appendix B, Table II, Column 1. An acceptable alternative Is
to assume an Isotopic mix which results In a more oonservative setpotnt.

LMpc the site MPC limIt (MPCs) for UNRESTRICTED AREAs

The value chosen for LMPC In this equation Is 2. The basis for thbs limit Is 10 CFR
50.72.

It has been shown2 that, for the radlonuclides present In TYPICAL GASEOUS
EFFLUENTS from CCNiP, the 2 MPC limit Is more restrictive than the limits of
Control 3.11.2.1(a).

It should be noted that by using "2 as the MPC iimit (10 CFR 50.72), Instead of
using the Ilmis of Control 3.11.2.1 (a), a safety factor has been incorporated into
equation 2G.

An alarm setpoint corresponding to 2 MPCs serves to Initiate a determination of
whether the u4-hour NRC notification' (specified In 10 CFR 50.72) Is required.

(3) Documenting the fixed high alarm setpoint

(a) Whenever the fixed high alarm setpolnt is calculated, the
specific values chosen for each of the variables shall be
documented In accordance with EN-I-1 00.

This equation has been derived from 10 CFR 20, Appendix B, Table II, Note 1.
Addendum To Setpoint Calculations For WRGM Monitors 1RIC-5415 and 2-RIC-5415. R.L
Conatser, December 10, 1991.

I
2



Offslte Dose Calculation Manual Page 117 of 325
Revision 6

(4) Changing the fixed high alarm setpolnt for 1-RIC-5415

(a) if the fixed high alarm setpolnt calculated In accordance
with equation IG exceeds the maximum range of the
monitor, the fixed high setpolnt shall be adjusted to a value
which falls within the normal operating range of the
monitor.

(b) The fixed high alarn setpoint may be established at values
lower than the maximum allowable setpoint, If desired.

(c) A setpolnt change should be Initiated whenever any of the
parameters Identified in the setpolnt calculation equations
(Identified In this section of the ODCM) have changed.

(d) The fixed high alarm setpoint should not be changed
unless one of the following occurs:

i) the relative activit' of any radionucilde in TYPICAL
GASEOUS EFFLUENTS has changed by greater
than 10%, and the new radionuclide mixture yields
a fixed setpoInt which Is 10% (or more) lower than
the current fixed setpolnt,

II) the historical maximum annual average
atmospheric dispersion factor has changed,

Iii) the MPC limit at the SITE BOUNDARY, (L,, ) has
changed,

hv) the Unit 1 or Unit 2 main vent stack flow rate has
changed by greater than or equal to 10%2

v) the values listed In 10 CFR 20, Table il, column 1
have changed,

vi) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

vii) the monitor Is not conservative In Its function (see
¶Functions of 1-RE-5416" earlier In this section).

(e) EN-1 -1 00 contains the administrative controls associated
with changing and approving fixed high alarm setpoint.

¶ As determined In accordance with Attachment S.
2 As determined by analysis of the TE-001 and ETP-87-16 test results.
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i) Fixed alert setpoint for 1-RIC-5415

(1) General Inforrnation

(a) The fixed alert setpoint Is not adjusted for each release.

(b) Whenever the fixed alert setpolnt Is exceeded, an alarm
wil be generated.

(C) The CCNPP Alarm Manual does not reference this
setpolnt.

(d) The fixed alert setpolnt Is Integral to the WRGM, as
purchased from the supplier.

(e) The current value for the fixed alert setpolnt Is specified in
the CCNPP Setpolnt File.

(f) The fixed alert setpoint Is administratively controlled by
EN-I -100.

(g) The fixed alert setpolnt shall be calculated as described
below'.

(2) Calculating the fixed alert setpoint for 1-RIC-5415

(a) The fixed alert setpoint for 1-RIC-5415 shall be calculated
as described below:

FIXED ALERT SETPOINT FOR 1-RIO-5415

ISfi,* < Kt I Snxw I Eq. 3G

Whe ere,
SfLh = the fixedi alerm setpoint for 1-RIC-5415 (microcurees per second)

SftXhh = the fixed high alarmn setpoint for I-RIC-5415 (microcurles; per second}

Ksf = a oonstant, actually a safety factor, which is the fraction of the fixed high setpoint
(unitless).

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed
alert setpoint Is always less than or equal to the fixed high alarm setpoint

A safety factor of 1.00 will yield a fixed alert setpoint which corresponds to the fixed
high alarm setpoint

A safety factor of 0.100 will yield a fixed alert setpoint which corresponds to one-
tenth the fixed high alarm setpolnt.

The alarm and trip setpoints ... shall be determined and adjusted in accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).
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It is recommended that a safety factor of 0.1 be used for calculating Xt fixed alert
setpoint, however, other values-not to exceed 1.O0-may be used as directed by the
General Supervisor Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a
value less than 1.00 does provide plant personnel with adequate time to respond to
changing plant conditions and to Initiate corrective ACTIONs so as to minimize the
possibility of violating either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

The use of the safety factor Is consistent with ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.

the use of a "safety margin" Is In accordance with the provisions of NUREG3-0133
which states that "... the alarm and trip setpoints ... should correspond to a value(s)
which represents a safe margin of assurance that the Instantaneous gaseous
release limit of Control 3.11.2.1(a) will not be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations In the nominal plant vent stack flow
rates, errors in monitor efficiencies, and other statistical aberrations from adversely
Impacting the calculated fixed alert setpolnt.

(3) Documenting the fixed alert setpoint

(a) Whenever the fixed alert setpoint is calculated, the specific
values chosen for each of the variables shall be
documented in accordance with EN-1-100.

(4) Changing the fixed alert setpoint for 1-RIC-5415

(a) A setpolnt change should be InItiated whenever any of the
parameters Identified In equation 3G have changed.

(b) The fixed alert setpoint should be changed whenever the
fixed high setpoint is changed.

(c) The fixed alert setpoint should be changed If the value of.
the safety factor Is changed.

(d) See EN-1 -1 00 for a description of activities associated with
setpoint changes and .setpoint approvals.
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j) Adjustable alarm setpoint for 1-RIC-5415

(1) General Information

(a) Whenever this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), the adjustable
setpoint Is calculated and adjusted prior to each release of
a WGDT, each containment vent, and each containment
purge discharged via the main vent.

(b) The adjustable setpoint Is based on the specific activities
of the radlonucildes present In either the WGDT or the
containment building, whichever Is applicable. (The
radionucilde concentrations are determined by
radiochemical analysis in accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

(c) Whenever the adjustable setpoint Is exceeded, the
WGDT, PURGE, or vent discharge via the main vent will
be manually suspended.

(d) Refer to the Alarm Manual for a full list of operator
ACTIONs taken in response to this alarm.

(e) The adjustable setpolnt corresponds to. the maximum
concentration of radlonuclides anticipated or expected
when discharging a.WGDT, a containment vent, or a
containment purge via the main vent. For containment
purges during outages, system evolutions may cause
containment atmosphere activity to Increase above what is
normally expected for short periods of time.

(f) The value for the adjustable selpoint Is recorded on the
gaseous release permit In accordance with applicable
CHEMISTRY SECTION procedures.

(g) This alarm Is not Integral to the main vent radiation
monitor, as purchased from the supplier.

(h) This alarm Is generated by the plant computer which
monitors output from 112-RIC-5415, and provides an alarm
to plant operators when the 1/2-RIC-5415 adjustable
setpoint has been exceeded.

(i) When this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), a value for the
adjustable alarm setpoint shag be calculated prior to each
release of a WGDT, each containment vent, and each
containment purge as shown below.
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(2) Calculating the adjustable setpoint for 1/2-RIC-5415

(a) The adjustable setpoint Is based on the specific actMty of
the radionuclides In the undiluted gaseous waste (as
determined by radiochemical analysis per Control
4.11.2.1.2), and the alarm setpoint Is calculated as-shown
below.

ADJUSTABLE SETPOINT FOR 1/2-RIC-5415

I S~d] S (FJ(Fd.)(e)([(FUIFd.)E(A.)(e1 )3+Bkg) Eq.29G1

SadQ = the adjustable setpolnt for 1/2-RIC-5415 (microcurles per second)

Kdf = a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (uritless)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations In disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, (5) errors associated with monitor
calibrations2, and (6) anticipated short term variations In containment activity
(applicable to containment purges only).

it is recommended that a safety factor of 10 for containment purge releases be used
for calculating the adjustable setpoint. However, other values for purge releases -
not to exceed 10- may be used as directed by the General Supervisor Chemistry.
A safety factor of 1.5 shall be used for all other gaseous releases.

The particular value selected for the safety factor Is somewhat arbitrary, however a
value less than or equal to 10 does provide plant personnel with adequate time to
respond to changing plant conditions and to Initiate corrective ACTIONs so as to
minimize the possibility of violating either the 10 CFR 50.72 limit or the Control
3.3.3.9 limits.

The use of the safety factor Is consistent with ALARA philosophy that lcensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a safety margin" is In accordance with the provisions of NUREG-01 33
which states that ". . . the alarm and trip setoint . . . should correspond to a
value(s) which represents a safe margin of assurance that the Instantaneous
gaseous release limit of Control 3.11.2.1 (a) will not be exceeded."
(per NUREG-01 33, 5.1.1).

Equation 29G has been derived from NUREG0133, Addendum, page AA-1.
2 The analysis errors and "calibration errors refer to errors which are within established quality

assurance and quality control limits.
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This safety margin will prevent minor fluctuations In the nominal plant vent stack flow
rates, errors In monitor efficiencies, and other statistical aberrations from adversely
Impacting the calculated adjustable setpoint. Additionally-for a special case of
containment purges during outages, the safety factor allows for short term variations
in activity created as a result of system evolutions In containment

Fu = maximum undiluted radwaste flow rate (cubic meters per second)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachment 7.

Fdx = the estimated main vent stack (diluted gaseous radwaste) flow rate for unit x (cubic
meters per second)

Since the main vent stack flow rate will vary depending on the reactor unit, the
configuration of air dampers, and the input gas streams, nominal main vent stack
flow rate is used to calculate the adjustable setpoint.

Use the nominal main vent stack flow rate, for the appropriate unit, listed on
Attachment 7.

The main vent stack flow rate shall be determined, In accordance with approved
procedures, at least once per 8 months e 25%). The Test and Equipment Unit shall
be responsible for performing this test. The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager Is
responsible for modifying the (main vent flow rates used In the) ODCM in the event
the main vent flow rate for either Unit I or Unit 2 has increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7.

Alu = specific activity of radionuclide, i, in the undiluted waste stream, either the WGDT or
the containment building (mlcrocurles per cubic centimeter)

81 = absolute detector efficiency for nuclide, I (microcurles Xe-1 33 equivalent per
microcures nucride 1)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (microcurles per cubic centimeter)

c' = a conversion constant (TE8 cubic centimeters per cubic meter)
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(3) Documenting the adjustable setpoint for 1/2-RIC-541 5

(a) Whenever the adjustable setpoint is calculated, the
specific values chosen for each of the variables shall be
documented In accordance with approved CHEMISTRY
SECTION procedures (e.g., CP-604).

(4) Changing the adjustable setpoint for 112-RIC-5415

(a) In all cases, the adjustable setpoint shall be set to a value
which Is less than or equal to the fixed setpoint.

(b) If the adjustable setpoint exceeds the maximum range of
the monitor, the setpoint shall be adjusted to a value which
falls within the normal operating range of the monitor.

(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an adjustable setpoint.

(d) Whenever this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9 ) the calculated
value for the adjustable setpoint shall be entered Into the
plant computer prior to each release of a WGDT, a
containment vent, or a containment purge via the main
vent.

k) Alert setpoint for 1-RIC-5415

(1) General Information

(a) The alert setpolnt Is applicable to containment purges only.

(b) Whenever this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9 ), the alert
setpolnt Is calculated and adjusted prior to each
containment purge discharged via the main vent.

(c) The alert setpoint Is based on the specific adtivities of the
radionuclides present In the containment building. (The
radionucilde concentrations are determined by
radiochemical analysis in accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

.(d) Whenever the alert setpoint Is exceeded the PURGE via
the main vent may continue.
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(e) The alert setpoint corresponds to a level of activity which
Indicates additional source term(s) may be present, and as
a result, additional notifications and/or actions are required
to Identify the source and to accurately account for the
activity discharged.

(I) The value for the alert setpolnt Is recorded on the gaseous
release permit In accordance with applicable CHEMISTRY
SECTION procedures.

(g) This alarm Is not Integral to the main vent radiation
monitor, as purchased from the supplier.

(h) This alarm Is generated by the plant computer which
monitors output from 112-RIC-5415, and provides an alarm
to plant operators when the 112-RIC-5415 alert setpolnt
has been exceeded.

(i) When this monitor is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), a value for the
alert setpoint shad be calculated prior to each containment
purge via the main vent as shown below.

(2) Calculating the alert setpolnt for 1/2-RIC-5415

(a) The alert setpolnt Is based on the specific activity of the
radionuclides In the undiluted gaseous waste (as
determined by radiochemical analysis per Control
4.11.2.1.2), and the setpolnt Is calculated as shown
below.

ALERT SETPOINT FOR 1/2-RiC-5415

I 3.1~~Saeat S (1.50)(Fdx)(c'){C(PuI/Fdz)Z(Agu)(ei)J+Bkg) Eq.29G'j

Sale = the alert setpoint for 1/2-RIC-5415 (microcurles per second)

1.50 = a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (unitless)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations In disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, and (5) errors associated with monitor
calibrations2.

Equation 29G has been derived from NUREG-01 33, Addendum, page AA-1.
2 The "analysis errors and callbratlon errors refer to errors which are within established quality

assurance and quality control limits.
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The use of the safetyfactor is consistentwith ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases

-of radioactive materials in effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a *safety margin".is In accordance with the provisions of NUREG-0133
which states that "... the alarm and trip setpolnts ... should correspond to a value(s)
which represents a safe margin of assurance that the Instantaneous gaseous
release limit of Control 3.11.2.1(a) will notbe exceeded." (per NUREG-0133, 6.1.1).

This safety margin will prevent minor fluctuations in the nominal plant vent stack flow
rates, errors in monitor efficiencles, and other statistical aberrations from adversely.
Impacting the calculated alert setpoint.

Fu = maximum undiluted radwaste flow rate (cubic meters per second)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated In Attachment 7.

Fdx = the estimated main vent stack (diluted gaseous radwaste) flow rate for unit x (cubic
meters per second)

Since the main vent stack flow rate will vary depending on the reactor unit, the
configuration of air dampers, and the input gas streams, nominal main vent stack
flow rate Is used to calculate the alert setpoint.

Use the nominal main vent stack flow rate, for the appropriate unit, listed on
Attachment 7.

The main vent stack flow rate shall be deternined, In accordance with approved
procedures, at least once per 6 months (Lt 25%). The Test and Equipment Unit shall
be responsible for performing this test The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used in the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager Is
responsible for modifying the (main vent flow rates used In the) ODCM In the event
the main vent flow rate for either Unit I or Unit 2 has Increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7.

Alu = specific activity of radionuclide. 1, In the containment building (mlicrocuries per cubic
centimeter)

el absolute detector efficiency for nucilde, I (mlcrocurles Xe-1 33 equivalent per
rmicrocuries nucilde I)

The detector efficiency for each radlonuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (microcuries per cubic centimeter)

c' = a conversion constant (1 E6 cubic centimeters per cubic meter)

(3) Documenting the alert setpoint for 1/2-RIC-5415
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(a) Whenever the alert setpoint Is calculated, the specific
values chosen for each of the variables shall be
documented In accordance with approved CHEMISTRY
SECTION procedures (e.g., CP-604).

(4) Changing the alert setpoint for 1/2-RIC-5415

(a) In all cases, the alert setpoint shall be set to a value which
Is less than or equal to the fixed setpolnt.

(b) if the alert setpoint exceeds the maximum range of the
monitor, the setpointshall be adjusted to a value which
falls within the normal operating range of the monitor.

(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an alert setpoint

(d) Whenever this monitor Is sating the minimum channels
operable requirement (per Control 3.3.3.9) the calculated
value for the alert setpolnt shall be entered Into the plant
computer prior to each containment purge via the main
vent.

2. Wide Range Gas Monitor (2-RE-5416)

a) all Information related to i-RE-5416 is applicable to the Unit 2 WRGM
with the following exceptions(s)

b) Monitors equivalent to 2-RE-5416

(1) 2-RE-5415 [the "Westinghouse Plant Vent Stack Monitor"] has the
capability of providing the measurement and alarm functions of 2-
RE-5416 during times when 2-RE-5416 Is declared Inoperable

(2) 2-RE-5415 provides redundant monitoring [for 2-RE-541 6J at the
low end of the concentration ranges (UFSAR 11.2.3.2.12)

3. Westinghouse Plant Vent Stack Monitor (1-RE-5415)

a) The Westinghouse Plant Vent Stack Monitor contains 2 radiation
elements

(1) 1-RE-5414

(a) particulate detector

(b) off-line scintillation detector

(c) analog output

(d) supplies signals to radiation Indicator 1/2-RI-5414
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(e) values displayed by 112-RI-5414 are in units of counts per
minute

(f) the detector manufacturer is Westinghouse

(2) 1-RE-5415

(a) noble gas detector

(b) off-line GM Tube

(c) analog output

(d) -supplies signals to radiation indicator 1/2-RI-5415

(e) values displayed by 1/2-RI-5415 are In units of counts per
minute

(f) the detector manufacturer is Westinghouse

b) Functions of 1-RE-5414

(1) The functions of 1ARE-5414 are mentioned here only as a basis
for excluding this radiation element from the setpoint controls of
Control 3.3.3.9.

(2) This monitor (the particulate monitor) was retired In place.

c) Functions of 1-RE-54151

(1) continuously measure the actvity (cpm) of noble gases emanating
from the Unit 1 main vent stack (Control 4.11.2.1.2, Table 4.11-2)

(2) continuously indicate (via 1-RI-5415) the activity (cpm) of noble
gases emanating from the Unit I main vent stack (Control
4.11.2.1.2, Table 4.11-2)

(3) alarm (via 1-RI-5415) prior to exceeding the site-boundary, noble-
gas, totat-body-dose-rate.limit of 500 mr/yr (per Control
3.11.2.1 .a)

(4) alarm (via 1-RIC-5415) prior to exceeding the site-boundary,
noble-gas, skin-dose-rate limit of 3000 mr/yr (per Control
3.1 1.2.1.a)

This (radiation element) monitors noble gases. Other radiation elements monitor particulates In
this waste stream.
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d) OPERABIUTY of 1-RE-5415

(1) This monitor shall be operable (or have OPERABILITY) when It is
capable of performing its specified function(s).

(2) The functions of 1-RE-5415 are listed in section (c) above.

e) Monitors equivalent to 1-RE-5415

(1) The Wide Range Gas Monitor (i.e., 1-RE-5416) has the capability
of providing the measurement and alarm functions of 1-RE-5415
during times when 1-RE-5415 is declared Inoperable.

(2) 1-RE-5415 provides redundant monitoring [for 1-RE-5416] at the
low end of the concentration ranges (UFSAR 11.2.3.2.12).

(3) In the event 1-RE-5415 Is Inoperable or otherwise unavailable,
1-RE-5415 may fulfill the measuring, Indicating, and alarming
functions normally provided by 1-RE-5415.

(4) The absence of a radiation element dedicated to measuring the
particulate activity in the Wide Range Gas Monitor does not
preclude the use of 1-RE-418 as a backup for 1 -RE-5415. This
is mentioned only as a basis for exdiuding 112-RE-5414 from the
setpoint controls of Control 3.3.3.9 (see Functions of 1-RE-6414m
earlier in this section).

f) Radiological effluent controls for 1-RE-5415

(1) Control 3.3.3.9 states that releases via the plant vent stack may
continue If any one of the following three conditions are satisfied

(a) 1-RE-5415 Is operable AND the alarm setpoint for 1-RI-
5415 are set to ensure the annual dose rates due to noble
gases at the SITE BOUNDARY are less than 500 mr/yr to
the total body and are less than 3000 mr/yr to the skin (per
Control 3.11.2.1.a), or

(b) an nequivalent monitor" (see section (e) above) Is operable
AND the alarm setpolnt for the "equivalent monitor" are
set to ensure annual dose rates due to noble gases at the
SITE BOUNDARY are less than 500 mr/yr to the total
body and are less than 3000 mr/yr to the skin (per Control
3.11.2.1.a), or

(c) grab samples are obtained and analyzed for gross activity
at least once per 24 hours In accordance with Controls
3.1 1.2.1.a, 4.11.2.1.1, and 4.11.2.1.2 (per Control 4.3.3.9,
Table 3.3-12, ACTION 37).
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(2) Control 3.11.2.1.b (i.e., dose rates due to lodines and particulates
at the SITE BOUNDARY) is not applicable to noble gas detector
or to the setpolnts related to the noble gas detector 1-RE-6415.
As a result, the 1500 my/yr organ dose limit Is not included as a
radiological effluent control In this section of the ODCM.

g) Surveillances for 1-RE-5415

(1) Control 4.3.3.9 requires demonstrating the OPERABILITY of 1-
RE-5415 by satisfying the checks, calibrations, and tests listed
below".

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK within the past 31 days

(c) CHANNEL CALIBRAT1ION within the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six
months

h) Setpoints for 1-RI-5415

(1) Requirements and commitments

(a) The alarm and fixed setpoints ... shall be determined and
adjusted In accordance with the methodology and
parameters of the ODCM. (Control 3.3.3.9)

(b) The method for calculating fixed or adjustable setpoints
shall be provided In the ODCM. (NUREB"133, 5.1.1)

(2) There are four alarms associated with, or otherwise related to,
1-RE-5415.

(a) 1-RI-5415 fixed high radiation alarm setpoint

(b) 1-RI-5415 adjustable plant computer high radiation alarm
setpoint

(c) 1-RI-5415 low radiation alarm setpoint

(d) 1RI-5415 adjustable plant computer alert setpoint

(3) In order to simplify the setpoint terminology, eliminate ambiguity,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpolnts as follows

(a) The 1-RI-5416 fixed high radiation alarm setpoint will be
referred to as the fixed setpolnt.

(b) The 1 -RI 541 5 adjustable plant computer high radiation
alarm setpoint will be referred to as the adjustable
setpoint
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(c) The 1-RI-5415 low radiation alarm setpoint will be referred
to as the low setpoint

(d) The I -RI-5415 adjustable plant computer alert setpolnt will
be referred to as the alert setpoint.

(4) Each of these alarm setpoints are described below.

The fixed setpoint for I-RI-5415

(1) General Information

(a) The fixed setpolnt Is not adjusted for each release.

(b) Whenever the fixed setpolnt is exceeded, an alarm will be
generated.

(c) The current value for the fixed setpolit is specified in the
CCNPP Alarm Manual.

(d) The CCNPP Alarm Manual refers to this setpoint as the 1-
RI-5415 High Alarm Setpoint

(e) The fixed setpolnt Is integral to the Main Vent
(Westinghouse) RMS as purchased from the supplier.

(f) The fixed setpoint is administratively controlled by EN-1-
100.

(g) The fixed setpoint shall be calculated as described below'.

(2) Calculating the fixed setpoint for 1-RI-541 5

(a) The fixed setpoint for 1-RI-5415 (plant vent stack monitor)
shall be calculated In accordance with equation 4G.

THE FIXED SETPOiNT FOR 1-RI-5415

I ~~~Sft 5 {KdI[(X/Q) (1Ft +Fa)J)Y[(01) (AL,) E4.4G2 I

Ksf

= the fixed setpoint for I-RI-5415 (counts per minute)

= a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to
the MPC limit, Lmcp used in equation 2G (unitless)

The safety factor chbsen shall be less than or equal to 1.00. This ensures the fixed
- setpoint Is always less than or equal to the MPC limit, LMP used In equation 2G.

The alarm and trip setpolnts ... shall be determined and ajusted In accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).
Equation 4G has been derived from NUREG-0133, 52.1, (the 500 mr/yr equation).2
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A safety factor of 1.00 will yield a fixed setpoint which corresponds to the MPC limit,
Lwpc, In equation 2G.

A safety factor of 0.500 will yield a fixed setpoint which corresponds to one-half the
MPC limit, LMc, In equation 2G.

It Is recommendel that a safety factor of 1.0 be used for calculating the fixed
setpoint, however, other values-not to exceed 1.00- may be used as directed by the
General Supervisor Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a
safety factor does provide plant personnel with adequate time to respond to
changing plant conditions and to Initiate corrective ACTIONs so as to minimize the
possibility of violating either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a "safety margin" is In accordance with the provisions of NUREG-0133,
section 5.1.1, which states that "... the alarm and trip setpoints ... should correspond
to a value(s) which represents a safe margin of assurance that the instantaneous
gaseous release limit of Control 3.11.2.1 (a) will not be exceeded."

This safety margin will prevent minor fluctuations In the nominal plant vent stack flow
rates, errors In detector efficiencies, and other statistical aberrations from adversely
impacting the calculated fixed setpolnt.

dIQ = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

Unit I and Unit 2 main vent releases are considered "long-term" releases1, and as
such, the highest historical annual average dispersion factor, (xIQ), Is used In the
setpoint calculations.

The highest annual average dispersion factor (IQ) is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases).

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR. 2.3.6.3).

Fdl = the estimated main vent stack flow rate for Unit I (cubic meters per second)

Since the main vent stack flow rate will vary depending on the configuration of air
dampers and the Input gas streams, nominal main vent stack flow rate Is used to
calculate the fixed setpoint.

Use the nominal Unit I main vent stack flow rate listed on Attachment 7.

I NUREG-0133, 3.
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The main vent stack flow rate shall be determined, in accordance with approved
procedures, at least once per 6 months (± 25%). The Test and Equipment Unit shall
be responsible for performing this test. The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used in the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager is
responsible for modifying the (main vent flow rates used In the) ODCM In the event
the main vent flow rate for either Unit I or Unit 2 has increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7.

Fd2 the estimated main vent stack flow rate for unit 2 (cubic meters per second)

Since the main vent stack flow rate will vary depending on the configuration of air
dampers and the Input gas streams, nominal main vent stack flow rate is used to
calculate the fixed setpoint.

Use the nominal Unit 2 main vent stack flow rate listed on Attachment 7.

The main vent stack flow rate shall be determined, In accordance with approved
procedures, at least once per 6 months Lt 25%). The Test and Equipment Unit shall
be responsible for performing this test The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager Is
responsible for modifying the (main vent flow rates used In the) ODCM in the event
the main vent flow rate for either Unit i or Unit 2 has Increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7.

i = absolute detector efficiency for nucide, I (cpm/microcuries per mill'illter)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

AL,,= the specific activities of radionuclide, I. found in TYPICAL GASEOUS RADWASTE
RELEASES (calculated in accordance with 10 CFR 20, Appendix B, Table II, Note I
as described below; microcules per milliliter)

Calculate Aid in accordance with equation 5G.

SPECIFIC ACTMV1Y LIMIT FOR NUCLIDE I IN A RADIONUCLIDE MIXTURE

I AP., (fl) (An.) Eq. 50

f, = a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitiess)

This value may be obtained using the guidance provided on Attachment 5.

A-rLR = the sum of the total specific activities of all noble gas radionuclides found In
TYPICAL GASEOUS RADWASTE RELEASES (microcurIeslcm3)

Calculate AT, in accordance with equation 2G.
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I lf ()ATLa)11iA. A 5 c Eq. 2G'

LMPC = the MPC limit

The value chosen for LUpc in this equation Is 2. The basis for this Omit Is 10 CFR
50.72.

It has been shown2 that, for the radionuclides present in TYPICAL GASEOUS
EFFLUENTS from CCNPP, the 2 MPC limit is more restrictive then the limits of
Control 3.3.3.9.

It should be noted that by using "2" as the MPC limit (10 CFR 50.72), Instead of
using the limits of Control 3.11.2.1(a),.a safety factor has been incorporated Into
equation 2G.

The use of 2 MPCs as a safety margin Is consistent with the provisions of NUREG-
0133, section 5.1.1, which states that, "... In as cases, conservative assumptions
may be necessary In establishing these setpoints to account for system variables,
the variability In release flow, ... and the time lag between alarm and final Isolation of
radioactive effluents."

An alarm setpolnt corresponding to 2 MPCs serves to initiate a determination of
whetherthe "4-hour NRC notification" (specified in 10 CFR 50.72) Is required.

The use of a lImiting specific activity equivalent to 2 MPCs Is consistent with the
provisIons of 10 CFR 20.

AjLt = the specific activity limit for radionuclide, I, as obtained from 10 CFR 20, Appendix B,
Table II, Column 1 (microcuries/cm 3 )

For ali the radionuclides found In TYPICAL RADWASTE EFFLUENTS, use the.
value from 10 CFR 20, Appendix B, Table Ii, Column 1. An acceptable alternative Is
to assume an Isotopic mix which results In a more conservative setpoInt

I Equation 20 has been derived from 10 CFR 20, Appendix B. Table 11, Note 1.
2 Addendum To Setpoint Calculations For WRGM Monitors 1-RI-54i5 and 2-RIC-5416, RL.

Conatser, December 10, 1091.
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(3) The low setpoint for 1-RI-5415

(a) The ODCM does not address the calculations associated
wAth the low setpolint

(b) The low setpolnt is specified In the CCNPP Alarm Manual.

(c) The low setpoint may be used to determine OPERABILITY
of this monitor (in accordance with the provisions of
Control 4.3.3.9, Table 4.3-11, Note 2).

(4) Adjusting the fixed setpolnt for 1-RI-5415

(a) If the fixed setpoint calculated In accordance with equation
4G exceeds the maximum range of the monitor, the fixed
setpolnt shall be adjusted to a value which falls within the
normal operating range of the monitor.

(b) The fixed setpoint may be established at values lower than
the maximum allowable setpoint, if desired.

(c) A setpoint change should be Initiated whenever any of the
parameters identified In equation 4G have changed.

(d) The fixed setpoint should not be changed unless one of
the following occurs:

1) the relative activity1 of any radlonudide In TYPICAL
GASEOUS EFFLUENTS has changed by greater
than 10%, and the new radlonuclide mbdure yields
a fixed setpolnt which Is 10% (or more) lower than
the current fixed setpolnt,

ii) the historical maximum annual average
atmospheric dispersion factor has changed,

iii) the MPC limit at the SITE BOUNDARY, (presently
2 MPCs) has changed,

Iv) the estimated Unit 1 main vent stack flow rate or
Unit 2 main vent stack flow rate has changed by
greater than or equal to 10%A2,

v) the values listed in 10 CFR 20, Table II, column I
have changed,

vA) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

As determined In accordance with Attachment 5.
As determinedby analysis of the TE-001 and ETP-87-16 test results.
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vii) the monitor is not conservative In Its function (see
section "Functions of 112-RE-5415w earlier In this
section).

(e) EN-1-100 contains the administrative controls associated
with changing and approving the fixed setpoint.

j Adjustable setpoint for 1/2-RI-5415

(1) General Information

(a) Whenever this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), the adjustable
setpofnt Is calculated and adjusted prior to each release of
a WGDT, each containment vent, and each containment
purge discharged via the main vent.

(b) The adjustable setpoint Is based on the specific activities
of the radionuclides present in either the WGDT or the
containment building, whichever is applicable. (The
radionuciide concentrations are determined by
radlochernical analysis In accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

(c) Whenever the adjustable setpoint is exceeded, the
WGDT, PURGE, or vent discharge via the main vent wll
be manually suspended.

(d) Refer to the Alarm Manual for a full list of operator
ACTIONs taken in response to this alarm.

(e) The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected
when discharging a WGDT, a containment vent, or a
containment purge via the main vent For containment
purges during outages, system evolutions may cause
containment atmosphere activity to Increase above what Is
normally expected for short periods of time.

(f) The value for the adjustable setpoint is recorded on the
gaseous release permit In accordance with applicable
CHEMISTRY SECTION procedures.

(g) This alarm is not Integral to the main vent radiation
monitor, as purchased from the supplier.
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(h) This alarm is generated by the plant computer which
monitors output from 112-RI-5415, and provides an alarm
to plant operators when the 112-RI-5415 adjustable
setpoint has been exceeded.

(i) When this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), a value for the
adjustable setpolnt shall be calculated prior to each
release of a WGDT, each containment vent, and each
containment purge as shown below.

(2) Calculating the adjustable setpoint for 1/2-RI-5415

(a) The adjustable alarm setpolnt Is based on the specific
activity of the radlonuclldes in the undiluted gaseous waste
(as determined by radlochemical analysis per Control
4.11.2.1.2), and the alarm setpoint Is calculated as shown
below.

ADJUSTABLE SETPOINT FOR 1/2-RI-5415

IS4 < (Ki (Fs I FduIa )[(A.) (ui) 4 Bkg I Eq. 270'

Sad = the adjustable setpoint for 112-RI-5415 (cpm)

Ksf = a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (unitless)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations In dIsIntegrationtrates, (3) statistical fluctuations In detector effIciencIes,
(4) errors associated with sample analysis, (5) errors associated with monitor
calibration?, and (6) anticipated short term variations In activity (this applicable to
containment purges only).

It Is recommended that a safety factor of 10 for containment purge releases be used
for calcuIng the adjustable setpolnt. However, other values for purge releases -
not to exceed 10 - may be used as directed by the General Supervisor Chemistry.
A safety factor of 1.5 shall be used for all other gaseous releases.

The particular value selected for the safety factor is somewhat arbitrary, however a
value less than or equal to 10 does provide plant personnel with adequate time to
respond to changing plant conditions and to initiate corrective ACTIONs so as to
minimize the possibility of violating either the 10 CFR 50.72 limit or the Control
3.3.3.9 limits.

Equation 270 has been derived fiom NUREG-01 33, Addendum, page AA-1.
2 The "analysis errors' and "caibration errors? refer to errors which are within established quality

assurance and quality control limits.
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The use of the safety factor Is consistent with ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a "safety margin" Is in accordance with the provisions of NUREG-0133
which states that ".,. the alarm and trip setpoints ... should correspond to a value(s)
which represents a safe margin of assurance that the Instantaneous gaseous
release limit of Control 3.11.2.1(a) will not be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations In the nominal plant vent stack flow
rates, errors In monitor efficiencies, and other statistical aberrations from adversely
Impacting the calculated adjustable setpolnt. Additionally for a special case of
containment purges during outages, the safety factor allows for short term variations
In activity created as a result of system evolutions In containment.

Fu = maximum undiluted radwaste flow rate (cubic meters per second)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachment 7.

Fdx< = the estimated main vent stack (diluted gaseous radwaste) flow rate for unit x (cubic
meters per second)

Since the main vent stack flow rate will vary depending on the reactor unit, the
configuration of air dampers, and the Input gas streams, nominal main vent stack
flow rate Is used to calculate the adjustable setpoint.

Use the nominal main vent stack flow rate, for the appropriate unit, listed on
Attachment 7.

The main vent stack flow rate shall be determined, In accordance with approved
procedures, at least once per 6 months e± 25%). The Test and Equipment Unit shall
be responsible for performing this test The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager is
responsible for modeifng the (main vent flow rates used in the) ODCM In the event
the main vent flow rate for either Unit I or Unit 2 has Increased to a value which Is
greater than the maximum discharge flow rates listed on Attachment 7.

Aqu = specific activity of radionuclide, I, In the undiluted waste stream, either the WGDT or
containment building as applicable (microcuries per milliliter)

el = absolute detector efficiency for nucride, I (cpmfmicrocuries per milliliter)

The detector efficiency for each radionucide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background *cpm)



Ofisite Dose Calculation Manual Page 138 Of 325
Revision 6

(3) Documenting the adjustable setpolnt for 112-RI-5415

(a) Whenever the adjustable setpoint Is calculated, the
specific values chosen for each of the variables shall be
documented in accordance with approved CHEMISTRY
SECTION procedures (e.g., CP-804).

(4) Changing the adjustable setpoint for 1/2-RI-5415

(a) In all cases, the adjustable alarm setpolnt shall be set to a
value which Is less than or equal to the fixed setpolnt

(b) If the adjustable setpolnt exceeds the maximum range of
the monitor, the setpoint shall be adjusted to a value which
falls within the normal operating range of the monitor.

(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an adjustable setpolnt.

(d) Whenever this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9 ) the calculated
value for the adjustable setpoint shall be entered into the
plant computer prior to each release of a WGDT. a
containment vent, or a containment purge via the main
vent.

k) Alert setpolnt for 1/2-RI-541 5

(1) General information

(a) The alert setpoint Is applicable to containment purges only.

(b) Whenever this monitor Is satIsfying the minimum channels
operable requirement (per Control 3.3.3.9), the alert
setpoint Is calculated and adjusted prior to each
containment purge discharged via the main vent.

(C) The alert setpolnt Is based on the specific activities of the
radionudides present In the containment building. (The
radlonuclide concentrations are determined by
radlochemical analysis In accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

(a) Whenever the alert setpoint Is exceeded, the PURGE via
the main vent may continue.
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(f) The alert setpolnt corresponds to a level of activity which
indicates additional source term(s) may be present, and as
a result, additional notifications and/or actions are required
to Identify the source and to accurately account for the
activity discharged.

(g) The value for the alert setpolnt is recorded on the gaseous:i
release permit In accordance with applicable CHEMISTRY
SECTION procedures.

(h) This alarm is not Integral to the main vent radiation
monitor, as purchased from the supplier.

(I) This alarm Is generated by the plant computer which
monitors output from 112-R15415, and provides an alarm
to plant operators when the 1/2-RI-541 5 alert setpoint has
been exceeded.

(I) When this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), a value for the
alert setpolnt shall be calculated prior to each containment
purge as shown below.

(2) Calculating the alert setpolnt for 1/2-RI-541 5

(a) The alert setpoInt Is based on the specific activity of the
radionuclides In the undiluted gaseous waste (as
determined by radlochemlcal analysis per Control
4.11.2.1.2), and the setpoint is calculated as shown
below.

ALERT SETPOINT FOR 1/2-RI-5415

I -S. 3.S. e- 1.50 (F.IFd.)IZ,(Aff)(e) 4 Bko] Eq. 27G'

Saweft the alert setpointfor 1/2-RI-5416 (cpm)

1.50 - a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (unitless).

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurious monitor responses, (2) stastical
fluctuations In disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, and (5) errors associated with monitor
calibrations.2

Equation 27G has been detived fom NUREG-0133, Addendum, page A-1.
2 The analysis errors' and 'callbration errors"frfer to errors which are within established quality

assumncee and quality control lmis.
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The use of the safety factor Is consistent with ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a "safety margin" Is In accordance with the provisions of NUREG-0133
which states that "... the alarm and tip setpoints ... should correspond to a value(s)
which represents a safe margin of assurance that the instantaneous gaseous
release limit of Control 3.11.2.1(a) wil not be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations In the nominal plant vent stack flow
rates, errors In monitor efficiencies, and other statistical aberrations from adversely
impacting the calculated alert setpoint.

Fu = maximum undiluted radwaste flow rate (cubic meters per second)

Values of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachment 7.

FdX = the estimated main vent stack (diluted gaseous radwaste) flow rate for unit x (cubic
meters per second)

Since the main vent stack flow rate will vary depending on the reactor unit, the
configuration of air dampers, and the input gas streams, nominal main vent stack
flow rate Is used to calculate the alert setpoint.

Use the norninal main vent stack flow rate, for the appropriate unit, listed on
Attachment 7.

The main vent stack flow rate shall, be determined, in accordance with approved
procedures, at least once per 6 months (± 25%). The Test and Equipment Unit shall
be responsible for performing this test. The results of the main vent flow rate test
shall be evaluated to ensure the main vent flow rates used In the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manager Is
responsible for modifying the (main vent flow rates used In the) ODCM in the event
the main vent flow rate for either Unit 1 or Unit 2 has Increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7.

Ah = specific activity of radionuclide, i, in the containment building (microcuries per
milliliter)

el = absolute detector efficiency for nuclide, I (cpm/microcurles per milliliter)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (cpm)
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(3) Documenting the alert setpoint for 112-RI-5415

(a) Whenever the alert setpolnt Is calculated, the specific
values chosen for each of the variables shall be
documented In accordance with approved CHEMISTRY
SECTION procedures (e.g., CP-604).

(4) Changing the alert setpoint for 112-RI-5415

(a) In all cases, the alert setpoint shall be set to a value which
Is less than or equal to the fixed setpoint

(b) If the alert setpoint exceeds the maximum range of the
monitor, fie setpolnt shall be adjusted to a value which
falls within the normal operating range of the monitor.

(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an alert setpolnt.

(d) Whenever this monitor is satisfying the minimum channels
operable requirement ( per Control 3.3.3.9 ) the calculated
value for the alert setpolnt shall be entered Into the plant
computer prior to each containment purge via the main
vent.

I) The low setpoint for 1/2-MR-5415

(1) This alarm Is Integral to the main vent monitor, as purchased from
the supplier.

(2) The current value for the low alarm setpolnt Is specified in the
CCNPP Alarm Manual.

(3) The low setpolnt may be used to determine the OPERABILITY of
this monitor (per Control 4.3.3.9, CHANNEL FUNCTIONAL
TEST).

(4) The alarm generated by the low setpolnt may be used to
tenninate a release In the'event 1/2-RI-5415 falls (i.e., downscale
failure or dircuit failure) In accordance with Control 4.3.3.9.

(5) The low setpolnt calculations are not described In the ODCM.

(6) Changes to the low setpoint are controlled by EN-1-100.

4. Westinghouse Plant Vent Stack Monitor (2-RE-5415)

a) All Information related to.1 -RE-41 5 Is applicable to the Unit 2 plant vent
, stack monitor with the following exception(s):
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b) Monitors equivalent to 2-RE-5415

(1) 2-RE-5416 (the "WRNGMl has the capability of providing the
measurement and alarm functions of 2-RE-5415 during times
when 2-RE-5415 Is declared Inoperable.

(2) 2-RE-541 6 provides redundant monitoring [for 2-RE-5416] at the
low end of the concentration ranges (UFSAR 11.2.3.2.12).

5. Gaseous Radwaste Processing System Radiation Monitor (0-RE-2191)

a) General description

(1) The GASEOUS RADWASTE PROCESSING SYSTEM Radiation
Monitor (Waste Gas Decay Tank Radiation Monitor) contains 1
radiation element.

(2) i is a noble gas detector.

(3) The detector Is an In-line GM tube (UFSAR, Table 1 1-10).

(4) The radiation element Is designated 0-RE-2191.

(5) The radiation indicators designated 0-RI-21 91.

(6) The units for the radiation Indicator are counts per minute.

(7) The monitor was manufactured by Westinghouse.

b) Functions of O-RE-21 91

(1) continuously measure the release rate of noble gases emanating
from the waste gas decay tank discharge header (Control
4.11.2.1.2, Table 4.11-2)

(2) continuously Indicate (via 0-RI-2191) the activity (cpm) of noble
gases emanating from the waste gas decay tank discharge
header (Control 3.3.3.9 OPERABILITY requirement)

(3) alarm (via 1-RI-2191) prior to exceeding the site-boundary, noble-
gas, total-bod.y-dose-rate limit of 600 mrlyr (per Control
3.11.2.1 .a)

(4) alarm (via 1-RI-2191) prior to exceeding the site-boundary, noble-
gas, skin-dose-rate limit of 3000 mrlyr (per Control 3.11.2.1.a)

c) OPERABILITY of O-RE-2191

(1) This monitor shall be operable (or have OPERABILITY) when It Is
capable of performing its specified function(s).

(2) For more Information on the function(s) of this monitor, see
"Functions of O-RE-21 91" elsewhere In this section of the ODCM.
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d) Monitors equivalent to 0-RE-2191

(1) There are no equivalent monitors associated with 0-RE-2191
since there are no other radiation monitors permanently Installed
In the waste gas discharge header, however, Control 3.3.3.9
defines the plant vent stack monitor as a "BACKUP MONITOR."

(2) O-RE-2161 Is designated the PRIMARY MONITOR for measuring
noble gas activity released via the GASEOUS RADWASTE
PROCESSING SYSTEM.

(3) 1-RE-5415 (or 1-RE-5416) Is designated the BACKUP MONITOR
If the WGDT Is discharged via the Unit I main vent

(4) 2-RE-5415 (or 2-RE-5416) is designated the BACKUP MONITOR
If the WGDT is discharged via the Unit 2 main vent

(5) WGDTs may be discharged through either the Unit I or Unit 2
main vent stack.

(6) The BACKUP MONITOR has the capability of ensuring the noble
gas activity released from the GASEOUS RADWASTE
PROCESSING SYSTEM-to the plant vent stack-does not
exceed Control 3.11.2.1(a) at the SrTE BOUNDARY (Control
3.3.3.9).

(7) In the event PRIMARY MONITOR (0-RE-2191) is Inoperable or
otherwise unavailable, the designated BACKUP MONITOR (either
1-RE-5415, 1-RE-5416, 2-RE-5415, or 2-RE-5416) may fulfill the
measuring, Indicating, and alarming functions normally provided
by the PRIMARY MONITOR as long as plant operators record the
BACKUP MONITOR readings every 15 minutes (Control 3.3.3.9,
Table 3.3-12, ACTION 35a).

e) Radiological effluent controls for 0-RE-2191

(1) Control 3.3.3.9 states that releases via the GASEOUS
RADWASTE PROCESSING SYSTEM may continue If ANY ONE
of the following three conditions are satisfied:

(a) . O-RE-2191 Is operable AND the alarm setpolnt for 0RI-
2191 Is set to ensure the annual dose rates due to noble
gases at the SITE BOUNDARY are less than 600 mr/yr to
the total body and are less than 3000 mr/yr to the skin (per
Control 3.11.2.1.a), or

(b) One 'BACKUP MONITOR" (see section (e) above) Is
operable; AND the "BACKUP MONITOR" readings are
recorded every 15 minutes during the release; AND the
alarm setpolnt for the "BACKUP MONITOR" Is set to
ensure the annual dose rates due to noble gases at the
SITE BOUNDARY are less than 500 mr/yr to the total
body and are less than 3000 mr/yr to the skin (per Control
3.11.2.1.a), or
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(c) All three activities described below are completed prior to
the release:

1) at least two independent samples of the waste gas
decay tank's contents are analyzed, and

Ii) at least two technically qualified members of the
Facility Staff Independently verify the release rate
calculations, and

ri) two qualified operators verify the discharge valve
lineup.

f) Surveillances for O-RE-2191

(1) Control 4.3.3.9 requires demonstrating the OPERABILITY of 0-
RE-2191 by satisfying the checks, calibrations, and tests listed
below

(a) CHANNEL CHECK prior to each release

(b) SOURCE CHECK prior to each release

(c) CHANNEL CALIBRATION within the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six
months

g) Setpolnts for O-RI-2191

(1) Requirements and commitments

(a) The alarm and fixed setpolnts ... shall be determined and
adjusted In accordance with the methodology and
parameters of the OICM. (Control 3.3.3.9)

(b) The method for calculating fixed or adjustable setpoints
shall be provided In the ODCM. (NUREG-0133, 5.1.1)

(2) There are three radiation alarm setpoints associated with, or
otherwise related to, O-RE-2191.

(a) 0-RE-2191 fixed high radiation alarm and automatic
termination setpoint

(b) W-RE-2191 adjustable plant computer high radiation alarm
and manual termination setpoint

(c) O-RE-21 91 low radiation alarm setpoint

(3) In order to simplify the setpoint terminology, eliminate ambiguity,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpoints as follows
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(a) The O-RE-2191 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed
setpolnt.

(b) The O-RE-2191 adjustable plant computer high radiation
alarm and manual termination setpoint will be referred to
as the adjustable setpoint.

(c) The O-RE-2191 low radiation alarm setpoint will be
referred to as fte low setpoInt

(4) Each of these alarm setpoints are described below.

h) Fixed setpoint for O-RI-2191

(1) General Information

(a) The fixed setpoint Is not adjusted for each release.

(b) The fixed setpoint Is an alarm and termination setpoint.

(c) Whenever the fixed setpoint Is exceeded, an alarm will be
generated, and the WGDT release will be automatically
suspended.

(d) The fixed setpolnt corresponds to the maximum
concentration of radionucildes allowed (by equation 6G) In
gaseous waste discharged from the gaseous radwaste
processing system.

(e) The current value for the fixed setpolnt is specified In the
CCNPP Alarm Manual.

(f) The CCNPP Alarm Manual refers to this setpolnt as the 0-
RI-2191 High Radiation Alarm Setpolnt.

(g) The fixed setpoint Ls Integral to the waste gas discharge
monitor, as purchased from the supplier.

(h) The fixed setpoint Is administratively controlled by EN-1-
100.

(I) The fixed setpoint shall be Calculated as described below1.

(2) Calculating the fixed setpoint for 0-RI-2191

(a) The fixed setpoint for 0-RI-21 91 (waste gas discharge
. monitor) shall be calculated as described below:

FIXED SETPOINT FOR O-RI-2191
-

I The alarm and trip setpolnts ... shall be determined and adjusted In accordance with the
methodology and parameters of the ODCM. (Contro 3.3.3.9).
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i Se. - < , Eq. 60'

Where,
K =f - a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to

the MPG limit, LMPc, used in equation 2G (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed
setpoint is always less than or equal to the MPC limit, LMpc, used In equation 2G.

A safety factor of 1.00 Is used for calculating the fixed setpoint.

By setting the safety factor to 1, the safety factor Is disabled.

Although it may appear that If this safety factor Is set to 1.0, no safety margin exists,
in actuality, another margin of safety has been Incorporated into equation 2G (see
definition of LMPC)'

A safety factor of 1.00 will yield a fixed setpolnt which corresponds to the MPC limit,
LMPc, In equation 20.

A safety factor of 0.500 will yield a fixed setpoint which corresponds to one-half the
MPC limit, LMpc, In equation 2G.

Other values of safety factors-not to exceed 1.00-may be used for calculating the
fixed setpoint as directed by the General Supervisor Chemistry.

The particular value selected for the safety factor Is somewhat arbitrary, however a
value less than or equal to 1.0 does provide plant personnel with adequate time to
respond to changing plant conditions and to Initiate corrective ACTIONs so as to
minimize the possibility of violating either the 10 CFR 50.72 limit or the Control
3.3.3.9 limits.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

The use of a 'safety marglns is In accordance with the provisions of NUREG-0133
which states that '... the alarm and trip setpoints ... should correspond to a value(s)
which represents a safe margin of assurance that the Instantaneous gaseous
release lirnit of Control 3.11.2.1(a) will not be exceeded." (per NUREG-0133,.5.1.1).

This safety margin will prevent minor fluctuations In the nominal WGDT discharge
flow rates, errors In detector eflfilencies, and other statistical aberrations from
adversely impacting the calculated fixed setpolnt.

Sox = the fixed setpoint for O-RI-2191 (cpm)

x1Q the highest calculated historical annual average relative concentration for ary area
at or beyond the UNRESTRICTED AREA boundary (2.2E-8 seconds per cubic
meter)

EquatIon 6G has been derived from NUREG-0133. 52.1, (the 500 mrlyr equation).
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A waste gas decay tank release via the Unit I or Unit 2 main vent Is considered a
"long-term" release1 , and as such, the highest historical annual average dispersion
factor, (x/Q), is used In the setpolnt calculations.

The highest annual average dispersion factor (x(Q) Is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases).

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-tenn
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

FU = the estimated maximum flow rate of undiluted gases through the waste gas
discharge header (cubic meters per second)

Since WGDT pressure Is the motive force for discharge of a WGDT, the waste gas
flow rate will continually decrease as the release progresses (ie., as tank pressure
Is decreased).

Use the estimated maximum WGDT discharge flow rate, listed on Attachment 7, to
calculate the fixed setpolnt.

e, = absolute detector efrildenly for nudide, I (cprmlmcrocuries per milliliter)

The detector efficiency for each radionuclide may be calculated from data cotlected
during calibration of the radiation monitor.

AULI - the specific actitlfes of radionuclide, I, found In TYPICAL GASEOUS RADWASTE
RELEASES (calculated In accordance with 10 CFR 20, Appendix B, Table-ll, Note I
as described below; microcuries per milliliter)

Calculate Amn In accordance with equation 5G.

SPECIFIC ACTIVITY LIMIT FOR NUCLIDE I IN A RADIONUCLIDE MIXrTURE

An, (fj)t(AT,) Eq.50.

fir = a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unriless)

This value may be obtained using the guidance provided on Attachment 5.

ATLn = the sum of the total specific activties of all noble gas radionuclides found In
TYPICAL GASEOUS RADWASTE RELEASES (microcurleslcrn).

Calculate ATn In accordance with equation 2G.

SPECIFIC ACTIVITY OF NOBLE GASES AT THE SITE BOUNDARY

I NUREG-S0133, 3.3
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I f I if ) (ATLL)jIAU I LMPC Eq. 20'

Where,
LMPC = the MPC limit

The value chosen for LMPC In this equation is 2. The basis for this limit is 10 CFR
50.72.

It has been shown2 that, for the radionuclides present in TYPICAL GASEOUS
EFFLUENTS from CCNPP, the 2 MPC limit Is more restrictive than the limits of
Control 3.3.3.9.

It should be noted that by using '7 as the MPC limit (10 CFR 50.72), Instead of
using the limits of Control 3.11.2.1(a), a safety factor has been Incorporated Into
equation 2G.

The use of 2 MPCs as a safety margin Is consistent with the provisions of NUREG-
0133, section 5.1.1, which states that, "... in all cases, conservative assumptions
may be necessary In establishing these setpolnts to account for system variables,
the variability In release flow, ... and the time lag between alarm and final Isolation of
radioactive eflluents.k (NUREG-0133, 5.1.1)

An alarm setpolnt corresponding to 2 MPCs serves to initiate a determination of
whether the 4-hour NRC notificationt (specified In 10 CFR 50.72) Is required.

Aj = the specific actity limit for radionuclide, I, as obtained from 10 CFR 20, Appendix B,
Table II, Column I (microcurieslcm3)

For all the radionuclides found In TYPICAL RADWASTE EFFLUENTS, use the
value from 10 CFR 20, Appendix B, Table II, Column 1. An acceptable alternative Is
to ensure an Isotopic mix which results In a more conservative setpolint

Bkg = an approximatIon of the detector background prior to initiating the gaseous release
(cpm)

Instead of using an approximation of the detector background, a value of 0 cpm may
be used as the detector background if so desired.

Equation 2G has been derived from 10 CFR 20, Appendix B, Tabl% II, Note 1.
2 Addendum To Setpoint Calculations For WRGM Monitors 1-RIC-5415 and 2-RIC-5415, RL.

Conatser, December 10, 1991.



Offsate Dose Calculation Manual Page 149 of 325
Revision 6

(3) Documenting the Fixed setpolnt for O-Ri-2191

(a) Whenever the fixed setpotnt is calculated, the specific
values chosen for each of the variables shall be
documented In accordance with EN-1-100.

(4) Changing the fixed setpoint for 0-RI-2191

(a) If the fixed setpolnt calculated in accordance with equation
6G exceeds the maximum range of the monitor, the fixed
setpolnt shall be adjusted to a value which falls within the
normal operating range of the monitor.

(b) The fixed setpoint may be established at values lower than
the maximum allowable sotpoint, If desired.

(c) A setpoInt change should be initiated whenever any of the
parameters Identified In equations 2G, SG, or 6G have
changed.

(d) The fixed setpoint should not be changed unless one of
the following occurs:

i) the relative activity' of any radionuclide In TYPICAL
GASEOUS EFFLUENTS has changed by greater
than 10%. and the new radionuclide mixture yields
a fixed setpoint which Is 10% (or more) lower than
the current fixed setpoint,

ii) the historical maximum annual average
atmospheric dispersion factor has changed,

ii) the MPC limit at the SITE BOUNDARY, (presently
2 MPCs) has changed,

ly) values listed In 10 CFR 20, Table 11, column I have
changed,

v) the radiation monitor has been recently calibrated,
repaired, or otherwise altered, or

vi) the monitor Is not conservative In Its function (see
section 6Functions of 0-RE-21911 earlier in this
section).

(e) EN-1-1 00 contains the administrative controls associated
with changing and approving fixed setpoint

As determined In accordance with Attachment 5.
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i). Adjustable setpoint for O-RI-2191

(1) General Information

(a) Whenever this radiation monitor Is operable, the
adjustable setpolnt is calculated and adjusted prior to each
release of a WGDT.

(b) The adjustable setpoint is based on the specific activities
of the radionuclides present In the WGDT. (The
radionuclide concentrations are determined by
radlochemical analysis In accordance with applicable
CHEMISTRY SECTION-procedures as required by
Control 4.11.2.1.2).

(c) Whenever the adjustable setpoint Is exceeded, the WGDT
discharge will be manually suspended.

(d) Refer to the radwaste Alarm Manual for a full list of
operator ACTIONs taken In response to this alarm.

(e) The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected
when discharging a WGDT.

(f) The value for the adjustable setpoint Is recorded on the
gaseous release permit In accordance with applicable
CHEMISTRY SECTION procedures.

(g) This alarm is not integral to the GASEOUS RADWASTE
PROCESSING SYSTEM radiation monitor, as purchased
from the supplier.

(h) This alarm is generated by the plant computer which
monitors output from G-RI-2191, and provides an alarm to
plant operators when the O-RI-2191 adjustable setpolnt
has been exceeded.

(i) When this monitor is operable, a value for the adjustable
setpolnt shall be calculated prior to each release of a
WGDT as shown below.

(2) Calculating the adjustable setpoint for O-RI-2191

(a) The adjustable setpoint is based on the specific actIVity of
the radionuclides in the undiluted gaseous waste (as
determined by radiochemical analysis per Control
4.11.2.1.2), and is calculated as shown below.
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$6 C 1.50 S (A.)'(.) BkgI Eq. 281'|

S84V = the adjustable setpolnt for O-RI-2191 (cpm)

1.50 = a constant, actually a safety factor, which allows for fluctuation In radiation monitor
response (unitless)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomafles which cause spurious monitor responses, (2) statistical
fluctuations in disintegration rates, (3) statistical fluctuations In detector efficiencies,
(4) errors associated with sample analysis, and (5) errors associated with monitor
calibrations.2

Fu maximum allowed undiluted radwaste flow rate (cubic meters per second)

The maximum allowed undiluted radwaste flow rate for a WGDT Is tabulated In
Attachment 7.

Atu = specific actity of radionuclide, i, In the undiluted waste stream (microcuries per
milliliter)

el = absolute detector efficiency for nuclide, I (cprnimcrocuries per milllitr)

The detector efficiency for each radionuclide may be calculated from data collected
during calibration of the radiation monitor.

Bkg = an approximation of the detector background (cpm)

(3) Documenting the adjustable setpoint for 0-RI-2191

(a) Whenever the adjustable setpolnt Is calculated, the
specific values chosen for each of the variables shall be
documented In accordance with approved CHEMISTRY
SECTION procedures (e.g., CPR604).

(4) Changing the adjustable setpoint for O-RI-2191

(a) In all cases, the adjustable setpoint shall be set to a value
which Is less than or equal to the fixed setpolnt

(b) If the adjustable setpolnt exceeds the maximum range of
the monitor, the setpolnt shall be adjusted to a value which
falls within the normal operating range of the monitor.

Equation 28G has been derived from NUREG-0133, Addendum, page MA-1.
The 'analysls errors' and 'calibration errors" refer to errors which are within established quality
assurance and quality control limits.

2
2
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(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an adjustable setpolnt.

(d) Whenever this monitor Is operable, the calculated value for
the adjustable setpoint shall be entered Into the plant
computer prior to each release of a WGDT via the main
vent.

J) The low setpoint for 0-RI-2191

(1) This alarm Is integral to the main vent monitor, as purchased from
the supplier.

(2) The current value for the low setpoint is specified in the CCNPP
Alarm Manual.

(3) The low setpoint may. be used to determine the OPERABILITY of
this monitor (per Control 4.3.3.9, CHANNEL FUNCTIONAL
TEST).

(4) The alarm generated by the low setpoint may be used to
terminate a release In the event 0-RI-2191 fails (i.e., downscale
failure or circuit fallure) In accordance with Control 4.3.3.9.

(5) The low setpolnt calculations are not described In the ODCM.

(6) Changes to the low setpoint are controlled by EN-1-1 00.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1. Introduction

a) 10 CFR 20.1301 specifies dose rate limits associated with the release of
radioactive materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been established to implement the
requirements of 10 CFR 20.1301. The 10 CFR 50Appendix 1, Design
Objectives for ALARA Radioactive Effluents, upon which these
calculations are based, are more restrictive than the public dose lmits of
10 CFR 20.1301.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The annual total body dose rate, due to noble gases In gaseous waste
discharged to UNRESTRICTED AREAS, shall be less than 500 mr/yr
(per Control 3.11.2.1).

b) The routine surveillances which are performed to verify compliance with
this radiological effluent control Is described below.

3. Surveillance Requirement
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a) The annual total body dose rate, due to noble gases in all gaseous
effluents discharged from the site, shall be determined in accordance
with equation 7G (per Control 4.11.2.1.1).

b) The results of the radioactive gaseous waste sampling and analysis
program (required by Control 4.11.2.1.2, and Implemented by various
CCNPP CHEMISTRY SECTION procedures) are used to calculate the
annual total body dose rate due to noble gases in gaseous effluents.

c) The plant group(s) responsible for performing the required surveillances
are Identified below.

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION Is responsible for calculating the annual total
body dose rate due to noble gases in gaseous effluents.

b) The CCNPP CHEMISTRY SECTION calculates the annual total body
dose rate whenever the appropriate initiating conditions are present.

c) These Initiating conditions are contained In the following section.

5. Initiating Conditions

a) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated for each release of a WGDT.

b) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated for each vent of a containment building.

c) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated for each PURGE of a containment building.

d) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated at least weekly' for CONTINUOUS discharges from plant
vent stacks.

e) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated for each discharge of combustion products resulting from
the burning of contaminated oil.

1) The annual total body dose rate due to noble gases In gaseous effluents
Is calculated for each ABNORMAL ANDIOR UNANTICIPATED
RADIOACTIVE GAS RELEASE.

g) Whenever the correct Initiating conditions are present, the annual total
body dose rates shall be calculated as described below.

6. Calculation Methodology

¶ The frequency Is controlled by the Implementing procedure, and Is based on plant conditions.
Under no conditions shall the frequency be less than once per month (Control 4.112.1.1 or
4.11.2.12, Table 4.11-2).
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a) The annual total body dose rate, at the SITE BOUNDARY, due to noble
gases In gaseous effluents released to UNRESTRICTED AREAS shall be
calculated In accordance with equation 7G.1

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN ALL GAS RELEASES

Do = Y. zD, >Eq.70

Dto = the site-boundary annual total body dose rats due to noble gases In all gaseous
effluents discharged (simultaneously) from the site (mreamyear)

Dtr = the site-boundary annual total body dose rate due to noble gases In release, r
(mrrem/year)

Sum for all releases, r, which are discharged simultaneously.

An example of a SIMULTANEOUS RELEASE would Include the release of noble
gas radionuclides frond the Unit 1 plant vent stack while also discharging noble
gases from the Unit 2 plant vent stack.

An example of a SIMULTANEOUS RELEASE would Include the release of noble
gas radionuclides from the Unit I plant vent stack while also discharging a waste
gas decay tank.

Calculate the values of Dtr for each SIMULTANEOUS RELEASE as shown below.

b) At CCNPP, two methods exist for calculating Dir (i.e., annual total body
dose rate at the SITE BOUNDARY due to noble gases contained In a
gaseous radwaste release, r, discharged from the site).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT avallable.

(3) These methods, as well as additional supporting Information, are
presented In the following sections.

c) Rigorous method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
the annual total body dose rate due to noble gases In gaseous

The alarm and tip setpoints ... shall be deternmined and adjusted In accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).
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effluents discharged from the site to UNRESTRICTED AREAS
shall be calculated In accordance Wth equation 8G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(RIGOROUS METHOD)

D*,' (YttQ) [z o)wQ;,I Eq. 81'

Where,
XIQ = the highest calculated annual average relative concentration for any area at or

beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered 'long-terrW releases2, and as such, the highest historical
annual average dispersion factor, (xQ), is used in the dose rate calculations.

The highest annual average dispersion factor (xIQ) Is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3)

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR; 2.3.6.3)

= the total body dose factor due to gamma emissions for each Identified noble gas
radionuclide, I (mremlyr per microcurlelcublc meter)

The total-body dose factors for gamma rays from noble gas radionuclides were
obtained from Regulatory Guide 1.109, Appendx B, Table B-I.

The total-body dose factors for various noble gas radionuclkies are tabulated In
Attachment 10.

Qi, the release rate of noble gas radionuclide; 1, In (simultaneous) gaseous release, r
(microcuries/second).

Calculate the values of q, for each SIMULTANEOUS RELEASE as shown below.

Equations 8G has been derived from NUREG-01 33, 6.2.1, and Regulatory Guide 1.109 (Appendix
B. Equation B-8 and Section C.2.e).

2 NUREG-0133. 3.3
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INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

Qks = (Ak) (Fr) (c') Eq. 9G

Where,
Air = the specific activity of noble gas radionucilde, I, In (simultaneous) release, r

(microcurles/cubic centimeter)

Fr. the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate Is unknown (e.g., he release has not been conducted), the
'Maximum Discharge Flow Rate Uisted on Attachments 7 or 8 may be used to
calculate the annual total body dose rate.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (e.g., Initial pressure, volume, and temperature of a WGDT along with
final pressure and temperature) shall be used In equation 9G,

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

d = a conversion constant (1 ES cubic centimeters per cubic meter)

d) Simplified method

(1) If a computer system and the appropriate software are NOT
available, the annual total body dose rate due to noble gases In
gaseous effluents discharged from the site to UNRESTRICTED
AREAS may be calculated In accordance with equation 10G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(SIMPUIFIED METHOD)

D,, I (XQ) ( K )I ( Ku1Qf . Eq 10G1

Where,
x/Q = the highest calculated annual average relative concentration for any area at or

beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered 'long-term" releases2, and as such, the highest historical
annual average dispersion factor, (x/Q), Is used In the dose rate calculations.

The highest annual average dispersion factor (xIQ) is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3)

Equations 10G has been derived from NUREGC0133, 52.1, and historical, site-specific data.
2 NUREG-0133 3.3
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The maxdmum annual average on-shore concentrations occur in the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

Kavg the empirically derived, site specific, average, total body, dose factor due to gamma
emissions from TYPICAL GASEOUS EFFLUENTS (mremlyr per mlcrocurie/cubic
meter)

A sitespecific, average, gamma total body dose factor for TYPICAL GASEOUS
EFFLUENTS has been calculated from historical data.

The calculation of this site-specific, average, gamma air dose factor is presented on
Attachment 11 (use section 3.4.5 of the old ODCM.) .

Refer to the table on Attachment 11 for the current value for the empirically derived,
site specific, average gamma total body dose factor.

Ksf a constant, actually a safety factor, which is the ratio of the CCNPP annual total
body dose rate limit to the annual total body dose rate limit of Control 3.11.2.1,
(unitiess)

The safety factor chosen shall be less than or equal to 1.00. This ensures the
annual total body dose rate Is always less than or equal to the annual total body.
dose rate limit of Control 3.11.2.1.

A safety factor of 1.00 will yield an annual total body dose rate which corresponds to
the annual total body dose rate limit of Control 3.11.2.1.

A safety factor of 0.500 will yield an annual total body dose rate which corresponds
to one-half the annual total body dose rate limit of Control 3.11.2.1.

It Is recommended that a safety factor of 1.0 be used for calculating the annual total
body dose rate, however, other values-not to exceed 1.00-may be used as directed
by the General Supervisor Chemistry.

The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administratIve control
over the use of simplified equations for generating radioactive gaseous release
permits. This admlnlstrative control Is designed to minimize the possibility of
violating Control 3.11.2.1 when simplifying assumptions are used.

The use of a safety factor Is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.
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This safety factor has been Included In equation 1 00 to account for any potential
nonconservatism associated with applying the empirically derived total body gamma
dose factor, Ka.,, to a: radlonuclides identified in the gaseous release. Such
nonconservatism could conceivable be present whenever radlonuclides having a
total body gamma dose factor greater than K. are present in a gaseous releae.

0 j = the release rate of noble gas radionuclide, i, In (simultaneous) gaseous release, r
(microcurles/second)

Calculate the values Of Oir for each SIMULTANEOUS RELEASE In accordance with
equation 9G.

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

Qua = (Ar)(F)(c') Eq.Oo

Where,
the specific activity of noble gas radionuclide, 1, In (simultaneous) release, r
(microcurles/cublc centimeter)

F = the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate is unknown (e.g., the release has not been conducted), the
"MaxImum Discharge Flow Rate listed on Attachments 7 or 8 may be used to
calculate the annual total body dose rate.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (eg., Initial pressure, volume, and temperature of a WGDT along with
final pressure and temperature) shall be used In equation 9G.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

c' = a conversion constant (lES cubic centimeters per cubic meter)

e) Radiation monitoring system algorithms

(1) The plant vent stack radiation monitoring systems display values
which are proportional to the annual total body dose rates due to
noble gases emanating from the plant vent stacks.

(2) The values displayed by the plant vent stack radiation monitoring
systems are not used for the purpose of effluent accountability per
se, but the values displayed can provide a gross approximation of
annual total body dose rate (see Control 3.3.3.9).

(3) The Westinghouse Main Vent Noble Gas Monitor, 1/2-RE-541 B, is
an analog system and does not employ Instrument algorithm to
determnine noble gas release rates.
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(a) It Is possible to approximate the noble gas release rates
for the Unit I and Unit 2 main vents based on output from
112-RI-541 5.

(b) These calculations are described elsewhere In the ODCM.
(See equation 4G In the section "Calculating the Fixed
Sitpoint for 1i/2-Rl-5415.")

(4) The Sorrento WRNGM, 1/2-RE-5416, is a digital radiation
monitoring system which employs an Instnrment algorithmrto
determine noble release rates (microcurles per second).

(a) It Is possible to approximate the noble gas release rates
for the Unit i and Unit 2 main vents based on output from
1/2-RIC-5415.

(b) These calculations are described elsewhere in the ODCM.
(See equation IG In the section "Calculating the Fixed
High-High Alarm Setpolnt for 112-RIC-5415.")

(c) The Instrument algorithms and the (data base) values
accessed by the Instrument algorithms are controlled by
EN-1-100.

f) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective ACTIONs are
Initiated as described below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall containland or
reference administrative and/or Control limits for annual total body dose
rates for gaseous effluents and shall specify corrective actions to be
Initlated when these limits are exceeded.

b) Refer to Control 3.11.2.1 for actions to be taken In the event the
calculated annual total body dose rate due to noble gases In gaseous
effluents exceeds 500 mr/yr.
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ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1. Introduction

a) 10 CFR 20.1301 specifies dose rate limits associated with the release of
radioactive materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been established to implement the
requirements of 10 CFR 20.1301.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The annual skin dose rate, due to noble gases In gaseous waste
discharged to UNRESTRICTED AREAS, shall be less than 3000 mr/yr
(per Control 3.11.2.1).

b) The routine surveillances which are performed to verify compliance with
this radiological effluent controls are described below.

3. Surveillance Requirement

a) The annual skin dose rate at the SITE BOUNDARY, due to noble gases
In all gaseous effluents discharged from the site, shall be determined in
accordance with equation I IG (per Control 4.11.21.1).

b) The results of the radIoactive gaseous waste sampling and analysis
program (required by Control 4.11.2.1.2, and Impiemented by various
CCNPP CHEMISTRY SECTION procedures) are used to calculate the
annual skin dose rate due to noble gases In gaseous effluents.

c) The plant group(s) responsible for perforning the required surveillances
are identified below.

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION Is responsible for calculating the annual skin
dose rate due to noble gases In gaseous effluents.

b) The CCNPP CHEMISTRY SECTION calculates the annual skin dose rate
whenever the appropriate initiating conditions are present.

c) These Initiating conditions are contained In the following section.

5. Initiating Conditions

a) The annual skin dose rate due to noble gases in all gaseous effluents
discharged from the site is calculated for each release of a WGDT.

b) The annual skin dose rate due to noble gases In all gaseous effluents
discharged from the site is calculated for each vent of a containment
building.
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c) The annual skin dose rate due to noble gases in all gaseous effluents
discharged from the site is calculated for each PURGE of a containment
building.

d) The annual skin dose rate due to noble gases In all gaseous effluents
discharged from the site is calculated at least weekly' for CONTINUOUS
discharges from plant vent stacks.

e) The annual skin dose rate due to noble gases In all gaseous effluents
discharged from the site Is calculated for each discharge of combustion
products resulting from the burning of contaminated oil.

f) The annual skin dose rate due to noble gases in all gaseous effluents
discharged from the site Is calculated for each ABNORMAL AND/OR
UNANTICIPATED RADIOACTIVE GAS RELEASE.

g) Whenever the correct initiating conditions are present, the annual skin
dose rates shall be calculated as described below.

6. Calculation Methodology

a) The annual skin dose rate, at the SITE BOUNDARY, due to noble gases
in all gaseous effluents discharged simultaneously from the site to
UNRESTRICTED AREAS shall be calculated In accordance with
equation 11G.2

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN ALL SIMULTANEOUS GAS
RELEASES, r

a Me IDsr, Eq. JG

Dso = the annual skein dose rate at the SITE BOUNDARY due to noble gases in all
simultaneous discharges of gaseous radwaste from the site C'Unit 0")

Dsr = the annual skin dose rate at the SITE BOUNDARY due to noble gases In release, r

Sum for all releases, r, which are discharged simultaneously.

An example of a SIMULTANEOUS RELEASE would Include the release of noble
gas radionuclides from the Unit I plant vent stack while also discharging noble
gases from the Unit 2 plant vent stack.

An example of a SIMULTANEOUS RELEASE would Include the release of noble
gas radionuclides from the Unit I plant vent stack while also discharging a waste
gas decay tank.

The frequency Is controlled by the Implementing procedureand is based on plant conditions.
Under no conditions shall the frequency be less han once per month (Control 4.1 1.2.1.1 or
4.112.12, Table 4.11-2).
The alarm and trip setpolnts -. shall be determined and adjusted In accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).

....
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Calculate the values of D., for each SIMULTANEOUS RELEASE as shown below.

b) At CCNPP, two methods exist for calculating D,, (I.e., annual total skin
dose rate at the SITE BOUNDARY due to noble gases contained In a
gaseous radwaste release, r, discharged from the site).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting Information, are
presented In the following sections.

c) Rigorous Method

(1) Solution of the following equation may prove too rigorous for
routine use unless a cornputer system and appropriate software
are available.

(2) . If a computer system and the appropriate software are available,
the annual skin dose rate due to noble gases In gaseous release,
r, discharged from the site to UNRESTRICTED AREAS shall be
calculated In accordance with equation 12G.

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(RIGOROUS METHOD)

I Dsr a~~~ (xJQ) I:{CL4+(1.1 )( M)IMQfr) Eq._12W I

Where,
x/Q = the highest calculated annual average relative concentration for any area at or

beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered ulong-termW releases2, and as such, the highest historical
annual average dispersion factor, (xIQ), Is used In'the dose rate calculations.

The highest annual average dispersion factor (xIQ) Is 2.2E-8 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.8.3)

The maximum annual average on-shore concentrations occur in the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g.. routine noble gas releases) (UFSAR, 2.3.6.3)

Equation 12G has been derived from NUREG-0133, 5.2.1, and Regulatory Gude 1.109 (Appendix
B, Equation B-9 and Section C.2.f).

2 NUREG-0133 3.3
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Li the skin dose factor due to beta emissions for each identified noble gas radionuclide,
I (mremlyr per mlcrocurielcublc meter)

The beta skin dose factors have been obtained from Regulatory Guide 1.1:09,
Appendix B, Table B-1.

The beta skin dose factors for various noble gas radionuclides are tabulated In
Attachment 1 0.

Ml = the air dose factor due to gamma emissions for each identified noble gas
radionuclide, I (mrad/yr per microcurie/cubic meter)

The gamma air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B, Table B-1.

The gamma air dose factors for various noble gas radionuclides are tabulated In
Attachment 10.

1.1 - The conversion constant, 1.1 mrem/mrad, represents the skin dose (1.1 mrem)
equivalent to air dose (1.0 mrad), and Is used to convert air dose to skin dose.

4jr the release rate of noble gas radionucdide, 1, In (simultaneous) release, r
(microcurieslsecond).

This value shall be calculated In accordance with equation 9G.

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

.ll Q(Ai,){F)(Cc) Eq.913

Air the specific activity of noble gas radionucilde, l, In (simultaneous) release, r
(microcurles/cubic centimeter)

Fr = the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate is unknown (e.g., the release has not been conducted), the
"Maximum Discharge Flow Rate' fisted on Attachments 7 or 8 may be used to
calculate the annual skin dose rate.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (e.g., Initial pressure, volume, and temperature of a WGDT along wIth
final pressure and temperature) shall be used In equation 9G.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

C! = a conversion constant (lE6 cubic centimeters per cubic meter)

d) Simplified method
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(1) If a computer system and the appropriate software are NOT
available, the annual skin dose rate due to noble gases In
gaseous effluents discharged from the ste to UNRESTRICTED
AREAS may be calculated In accordance with equation 13G.

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r (SIMPLIFIED
METHOD)

I DW-= I(QIK)[,,(.)MJQ Eq.113 0

Where,
xJQ = the highest calculated annual average relative concentration for any area at or

beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term releases2 , and as such, the highest historical
annual average dispersion factor, (xIQ), Is used In the dose rate calculations.

The highest annual average dispersion factor (xIQ) Is 2.2E-6 (UFSAR. 2.3.8.3) for
purposes of routine, tong-term concentrations (e.g.. routine noble gas releases)
(UFSAR, 2.3.8.3)

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.8.3)

Ksf = a constant, actually a safety factor, which is the ratio of the CCNPP annual skin dose
rate lImit to the annual skin dose rate limit of Control 3.11.2.1, (unitless)

The safety factor chosen shall be less than or equal to 1.00. .Thlis ensures the
annual skin dose rate Is always less than or equal to the annual skin dose rate limit
of Control 3.11.2.1.

A safety factor of 1.00 will yield an annual skin dose rate which corresponds to the
annual skin dose rate limit of Control 3.11.2.1.

A safety factor of 0.500 will yield an annual skin dose rate which corresponds to one-
hal the annual skin dose rate limit of Control 3.11.2.1.

It Is recommended that a safety factor of 1.0 be used for calculating the annual skin
dose rate, however, other values-not to exceed 1.00-may be used as directed by
the General Supervisor Chemistry.

Equation 13G has been derived from NUREG-0133, 52.1, and Regulatory Guide 1.109 (Appendix
B, Equation B-9 and Section C.2.0.

2 NUREG-0133. 3.3
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The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive gaseous release
permits. This administrative control Is designed to minimize the possibility of
violating Control 3.11.2.1 when simplifying assumptions are used.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

This safety factor has been Included In equation 13G to account for any potential
nonconservatism associated with applying the empirically derived skin beta dose
factor, La, to all radionuclides identified In the gaseous release. Such
nonconservatism could conceivable be present whenever radionuclides having a
skin beta dose factor greater than L., are present In a gaseous release.

Lavg = the empircally derived, site specific, average, skin dose factor due to beta emissions
from TYPICAL GASEOUS EFFWENTS (mrem/yr per mlcrocurielcubic meter)

A site-specific, average, beta skin dose factor for TYPICAL GASEOUS EFFLUENTS
has been calculated from historical data.

The calculation of this site-spedfic, average, beta skin dose factor is presented on
Attachment 11.

Refer to the table on Attachment 11 for the current value for the empirically derived,
site specific, average beta skin dose factor.

Mavg = the empirically derived, site specific, average, air dose factor due to gamma
emissions from TYPICAL GASEOUS EFFLUENTS (mradlyr per microcurielcubic
meter)

A site-specific, average, gamma air dose factor for TYPICAL GASEOUS
EFFLUENTS has been calculated from historical data.

The calculation of this site-specific, average, gamma air dose factor is presented on
Attachment 11.

Refer to the table on Attachment 11 for the current value for the empirically derived,
site specific, average gamma air dose factor.

1.1 - The conversion constant, 1.1 mremlmrad, represents the skin dose (1.1 mrem)
equivalent to air dose (1.0 mrad), and Is used to convert air dose to skin dose.

Q1r = the release rate of noble gas radionuclide, I, In (simultaneous) release, r
(microcuries/second)

ThIs value shall be calculated in accordance with equation 9G.
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INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r .

Q s (Air)(F1)(C') Eq. 90

Air = the specific activity of noble gas radlonuclide, I, in (simultaneous) release, r
(mIcrocurleslcubic centimeter)

Fr = the discharge flow rate for (simultaneous)' release, r (cubic meters per second)

If the discharge flow rate Is unknown (e.g., the release has not been conducted), the
"MaxImum Discharge Flow Rate listed on Attachments 7 or 8 may be used to
calculate the annual skin dose~rate.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (e.g., Initial pressure, volume, and temperature of a WGDT along with
final pressure and temperature) shall be used In equation 9G.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

= a conversion constant (1Ed cubic centimeters per cubIc meter)

e) Radiation monitoring system algorithms

(1) The plant vent stack radiation monitoring systems display values
which are proportional to the annual skin dose rate due to noble
gases emanating from the plant vent stacks.

(2) The values displayed by the plant vent stack radiation monitoring
systems are not used for the purpose of effluent accountability per
se, but the values displayed can provide a gross approximation of
annual skin dose rate (see Control 3.3.3.9).

(3) The Westinghouse Main Vent Stack Noble Gas Monitor, 112-RE-
5415, Is an analog system and does not employ Instrument
algorithm to determine noble release rates.

(a) It Is possible to approximate the noble gas release rates
for the Unit i and Unit 2 main vents based on output from
1/2-RI-MI 5.

(b) These calculations are described elsewhere in the ODCM.
(See equation 4G In the section "Calculating the Fixed
Setpoint for 1/2-RI-5415.")

(4) The Sorrento WRNGM, 112-RE-5416, Is a digital radiation
monitoring system which employs an Instrument algorithm to
determine noble release rates (microcures per second).
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(a) It Is possible to approximate te noble gas release rates
for the Unit I and Unit 2 main vents based on output from
1/2-RIC-5415.

(b) These calculations are described elsewhere In the ODCM.
(See equation IG In the section Calculating the Fixed
High-High Alarm Setpolnt for 112-RIC-5415.")

(5) The Instrument algorithms and the (data base) values accessed
by the Instrument algorithms are controlled by EN-1-100.

f) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective ACTiONs are
Initiated as described below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or
reference administrative and/or Control limits for annual skin dose rate for
gaseous effluents and shall specify corrective actions to be Initiated when
these limits are exceeded.

b) Refer to Control 3.11.2.1 for actions to be taken In the event the
calculated annual skin dose rate exceeds 3000 mr/yr.

ANNUAL ORGAN DOSE RATES DUE TO IODIJES AND PARTICULATES IN GASEOUS
EFFLUENTS

1. Introduction

.a) 10 CFR 20.1301 specifies dose rate limits associated with the release of
radioactive materials to UNRESTRICTED AREAS.

b) Radiological effluent controls were originally established to Implement the
requirements of 10 CFR 20.1301. The 10 CFR 50 Appendix I. Design
Objectives for ALARA Radioactive Effluents, upon which these
calculat:ons are based, are more restrictive than the public dose limits of
10 CFR 20.1301.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The annual organ dose rates, due to lodines and particulates In gaseous
waste discharged to UNRESTRICTED AREAS, shall be less than 1500
mrlyr (per Control 3.112,1).

b) The routine surveillances which are performed to verify compliance with
this radiological effluent controls are described below.
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3. Surveillance Requirements

a) The CHEMISTRY SECTION's sampling and analysis procedure(s) shall
describe the CCNPP radioactive gaseous waste sampling and analysis
program (required by Control 4.11.2.1.2).

b) The results of the radioactive gaseous waste sampling and analysis
program are used to calculate the annual organ dose rates due to lodines
and particulates In gaseous effluents.

C) The plant group(s) responsible for performing the required surveillances
are Identified below.

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION is responsible for calculating the annual
organ dose rates due to lodines and particulates in gaseous effluent.

by The CHEMISTRY SECTION calculates the annual organ dose rates
whenever the appropriate Initiating conditions are present

c) These Initiating conditions are contained In the following section.

5. Initiating Conditions

a) The annual organ dose rate-for each organ and at the SITE
BOUNDARY-due to lodines and particulates In gaseous effluents Is
calculated at least weekW1 for CONTINUOUS discharges from plant vent
stacks.

b) The annual organ dose rate-for each organ and at the SITE
BOUNDARY-due to lodines and particulates in gaseous effluents Is
calculated for each discharge of combustion products resulting from the
bumlng of contaminated oil.

c) The annual organ dose rate-for each organ and at the SITE
BOUNDARY-due to lodines and particulates In gaseous effluents Is
catc ated for each ABNORMAL ANDIOR UNANTICIPATED
RADIOACTPIE GAS RELEASE2.

d) Whenever the correct InitIating conditions are present, the annual organ
dose rates shall be calculated as described below.

The frequency Is controlled by the kIplementing procedure and Is based on plant conditions.
Under no conditions shall the frequency be less than once per month (Contrl 4.11.2.1. or
4.11.2.1.2, Table 4.11-2).

2 See the definition of ABNORMALIUNANTICIPATED GAS RELEASE In the DEFINITIONS section
of the ODCM.

I

i

I
I
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6. Calculation Methodology

a) The annual organ dose rate, at the SITE BOUNDARY, due to Iodine and
particulate radionuclides In gaseous effluents released to
UNRESTRICTED AREAS shall be calculated in accordance with
equation 14G.'

ANNUAL ORGAN, o, DOSE RATE DUE TO IODINES AND PARTICULATES IN ALL
SIMULTANEOUS GASEOUS RELEASES, r FROM THE SITE, 0

Doc ' Dr. Eq. 14G|

DOO = the site-boundary annual organ dose rate due to Iodine and particulate radionuclides
in all gaseous effluents discharged simultaneously from the site ('Unit 0")

Dor = 'the site-boundary annual organ dose rate due to iodine and particulate radionuclides
In release, r

Sum for all releases, r, which are discharged simultaneously.

An example of a SIMULTANEOUS RELEASE would include the release of lodines
and particulate radionuclides from the Unit I plant vent stack while also discharging
lodines and particulate radionuclides from the Unit 2 plant vent stack..

An example of a SIMULTANEOUS RELEASE would Include the release of Iodine
and particulate radionucrides from the Unit I plant vent stack while also discharging
a waste gas decay tank.

Calculate the values of D., for each SIMULTANEOUS RELEASE as shown below.

b) At CCNPP, two methods exist for calculating Dor (I.e., the annual organ
dose rates due to Iodine and particulate radionucildes In gaseous
effluents released to UNRESTRICTED AREAS).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) *These methods, as well as additional supporting Information, are
presented In the following sections.

The alarm and fixed selpoints .- shall be determined and adjusted hI accordance wih the
methodology and parameters of the ODCM. (Control 3.3.3.9).
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c) Rigorous Method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
the annual organ dose rates due to iodines and particulates In
gaseous effluents released to an UNRESTRICTED AREA shall be
calculated In accordance wth equation 16G.

ANNUAL ORGAN. o, DOSE RATE DUE TO IODINES AND PARTICULATES IN GASEOUS
RELEASE, r (RIGOROUS METHOD)

IDM * ( dxQ ) Z (PI) (4,) Eq. 150'

Where,
x1Q = the highest calculated annual average relative concentration for any area at or

beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term releases2, and as such, the highest historical
annual average dispersion factor, (xQ), Is used In the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-8 (UFSAR, 2.3.8.3) for
purposes of routine, long-term concentrations (UFSAR, 2.3.8.3).

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (UFSAR, 2.3.6.3).

PI = the maximum organ inhalation pathway dose parameter for Iodine and particulate
radionuclides, 1, for the most restrictive (I.e., child) age group (mreamyear per
microcurle/ubicc meter)

The Inhalation pathway dose parameters have been obtained In accordance with
NUREG-0133, 5.2.1.1.

The pathway dose factor specified In NUREG-0133, 5.2.1.b, specifies calculating the
exposure to the "INFANT" age group, where the exposure Is due to a combination of
three separate pathways.

1) inhalation,

2) ground plane, and

3) food.

Equation 15G has been derived from NUREG0133g 5.2.1.
2 NUREG-0133, 3.3
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The latest NRC guidance has deleted the requirement to Include the ground plane
and food dose contributions when calculating maximum organ doses, therefore no
pathway dose factors are calculated for the ground plane or food pathways.

The latest NRC guidance has changed the critical receptor age group from "infant'
to "child."

The child, inhalation pathway dose parameters for various radionuclides, sorted by
critical organ, are tabulated in Attachment 12.

It should be noted that the dose parameters, Pi, (listed In Attachment 12) calculated
In accordance with NUREG-0133, section 5.2.1.1 and the latest NRC guidance are
numerically equal to the "Inhalation Pathway Factors," KN, calculated in accordance
with NUREG-01 33, section 5.3.1.1. As a result the ODCM does not contain two
separate tables for values of PI and Kin

Qir = the release rate of Iodine or particulate radionuclide, i, In (simultaneous) gaseous
release, r (microcuries/second).

Calculate the values of Qir for each SIMULTANEOUS RELEASE In accordance with
equation 9G.

INSTANTANEOUS RELEASE RATE OF IODINE OR PARTICULATE NUCLIDE I IN GASEOUS
RELEASE r

Qar = (Air ) ( Fe)(') Eq. G

Air = the specific activity of Iodine or particulate radionuclide, I, In (simultaneous) release,
r (microcurles/cubic centimeter)

Fr = the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate Is unknown (e.g., the release has not been conducted), the
"Maxrrium Discharge Flow Rate! listed on Attachments 7 or 8 may be used to
calculate the annual organ dose rate.

Additional guidance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures.

C' = a conversion constant (1E6 cubic centimeters per cubic meter)

d) simplified method

(1) If a computer system and the appropriate software are NOT
available, the annual organ dose rate due to lodines and
parliculates In gaseous effluents discharged from the site to
UNRESTRICTED AREAS may be calculated In accordance with
equation 16G.
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ANNUAL ORGAN, a, DOSE RATE DUE TO IODINES AND PARiT CULATES IN GASEOUS
RELEASE, r (SIMPLIFIED METHOD)

Dar (I/ KfK)(xiQ)(P.) Qp. Eq. 1601

Where,
Ksf = a constant, actually a safety factor, which Is the ratio of the CCNPP organ dose rate

limit to the organ dose rate limit of Control 3.11.2.1, (unitless)

The safety factor chosen shag be less than or equal to 1.00. This ensures the organ
dose rate Is always less than or equal to the organ dose rate limit of Control
3.11.2.1.

A safety factor of 1.00 will yield an organ dose rate which corresponds to the organ
dose rate limit of Control 3.11.2.1.

A safety factor of 0.500 will yield an organ dose which corresponds to one-half the
organ dose rate limit of Control 3.1i 1.2.1.

It is recommended that a safety factor of 1.0 be used for calculating the organ dose
rate, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative controt
over the use of simplified equations for generating radioactive gaseous release
permits. This administrative control is designed to minimize the possibility of
violating Control 3.11.2.1 when simplifying assumptions are used.

The use of a safety factor Is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.

This safety factor has been Included in equation 16G to account for any potential
nonconservatism associated with applying the dose parameter, Pr., to at
radionuclides Identified in the gaseous release. Such nonconservatism could
conceivable be present whenever radlonuclides having a dose parameter greater.
than Pmax are present in a gaseous release,

x/Q = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term" releases2, and as such, the highest historical
annual average dispersion factor, (x/Q), Is used In the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

Equation 160 has been derived from NUREG-0133, 52.1.
2 NUREG-0133, 3.3
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The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

Pma,: = the most restrictive dose parameter which would be reasonably anticipated for the
Inhalation pathway, child age group, thyroid organ, and 1-131 radlonucide
(mrem/year per microcurle/cublc meter)

The Inhalation pathway dose parameters have been obtained In accordance with
NUREG-0133, 5.2.1.1.

The pathway dose factor specified In NUREG-0133, 5.2.1.b, specifies calculating the
exposure to the INFANT' age group, where the exposure is due to a combination of
three separate pathways.

1) inhalation,

2) ground plane, and

3) food.

The latest NRC guidance has deleted the requirement to Include the ground plane
and food dose contributions when calculating maximum organ doses, therefore no
pathway dose factors are calculated for the ground plane or food pathways.

T.he latest NRC guidance has changed the critical receptor age group from 'infant"
to "child."

The chIld, inhalation pathway dose parameters for various radlonuclides, sorted by
critical organ, are tabulated in Attachment 12.

It should be noted that the dose parameters, P, (listed in Attachment 12) calculated
In accordance with NUREG-0133, section 5.2.1.1 and the latest NRC guidance are
numerically equal to the "Inhalation Pathway Factors," i', calculated In accordance
with NUREG-O133, section 5.3.1.1. As a result the ODCM does not contain two
separate tables for values of PI and K1.

Q =r the release rate of iodine or particulate radionuclide, i, in (simultaneous) gaseous-
release, r (mlcrocuriestsecond).

Calculate the values of Qr for each SIMULTANEOUS RELEASE in accordance with
equation 9G.

0
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_ INSTANTANEOUS RELEASE RATE OF IODINE OR PARTICULATE NUCUDE I IN GASEOUS
_ RELEASE r

4~* (Air)(F 1 )(c') Eq.9G

Air = the specific activity of Iodine or particulate radlonuclide, i, In (simultaneous) release,
r (microcurdes/cubic centimeter)

Fr = the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate is unknown (e.g., the release has not been conducted), the
"Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be used to
calculate the annual organ dose rate.

Additional guidance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures.

= a conversion constant (1 ES cubic centimeters per cubic meter)

e) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective actions are initiated
as described below.

7. CorrectIve actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and/or
reference administrative and/or Control limits for annual organ dose rates
for gaseous effluents and shall specify corrective actions to be Initiated
when these limits are exceeded.

b) Refer to Control 3.11.2.1 for actions to be taken in the event the
calculated annual organ dose rate to any organ exceeds 1500 mr/yr.

CUMULATIVE GAMMA AIR DOSES DUE TO NOBLE GASES IN GASEOUS EFFLUETS

1. Introduction

a) Appendix I to 10 CFR 50 specifies cumulative gamma air dose limits
associated with the release of radioactive materials to UNRESTRICTED
AREAS.

b) Radiological effluent controls have been established to implement the
requirements of 10 CFR 60, Appendix l.

c) These radiological effluent controls are described below.
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2. Radiological Effluent Controls

a) The cumulative gamma air dose, due to noble gases In gaseous effluents
released to UNRESTRICTED AREAS, shall be less than 10 mrads In any
calendar quarter, and shall be less than 20 mrads In any calendar year
(per Control 3.11.2.2)

b) The routine surveillances which are performed to-verify compliance with
these radiological effluent controls are described below.

3. Surveillance Requirement(s)

a) The cumulative gamma air doses, for the current calendar month, the
calendar quarter, and the current calendar year, due to noble gases in
gaseous effluents, shall be determined at least once every 31 days
(Control 4.11.2.2).

b) The plant group(s) responsible for performing the required surveillance(s)
are Identified below.

4. Responsible Plant Organizations

a) The CHEMISTRY SECTION Is responsible for calculating the cumulative
gamma air doses for the current calendar quarter and the current
calendar year.

b) The CHEMISTRY SECTION calculates the cumulative gamma air doses
whenever the appropriate Initiating conditions are present

c) These Initiating conditions are contained in the following section.

5. Initiating Conditions

a) The cumulative gamma air doses due to noble gases in gaseous
effluents shall be determined at least once per 31 days (Control I g
4.11.2.2).

b) The cumulative gamma air doses due to noble gases in gaseous
effluents shall be calculated for each release of a WGDT.

c) The cumulative gamma air doses due to noble gases In gaseous
effluents shall be calculated for each vent of a containment building.

d) The cumulative gamma air doses due to noble gases In gaseous
effluents shall be calculated for each PURGE of a containment bullding.

e) The cumulative gamma air doses due to noble gases In gaseous
effluents shall be calculated at least weekly' for CONTINUOUS
discharges from plant vent stacks.

The freuency Is controlled by the Implementing procedure, and Is based on plant conditions.
Under no conditions shall the frequency be less than once per month (Control 4.112.1.1 or
4.112.1.2, Table 4.11.2).
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f) The cumulative gamma air doses due to noble gases In gaseous
effluents shall be calculated for each discharge of combustion products
resulting from the burning of contaminated oil.

g) The cumulative gamma air doses due to noble gases In gaseous
effluents shall be calculated for each ABNORMAL ANDIOR
UNANTICIPATED RADIOACTIVE GAS RELEASE'.

h) Whenever the correct Initiating conditions are present, the cumulative
gamma air doses shall be calculated as described below.

6. Calculation Methodology

a) The cumulative gamma air dose at the SITE BOUNDARY (e.g., for the
current calendar month, current calendar quarter, current calendar year,
or previous 92 days) due to noble gases In gaseous effluents shafl be
calculated using the following equation-

The criteria used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found
in the Implementing procedures.

2 The alarm and fixed setpoints ... shall be determined and adjusted In accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).

*
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. CUMULATIVE GAMMA, g. AIR DOSE FOR ALL GASEOUS RELEASES, r, DISCHARGED
0 DURING TIME INTERVAL, t

Deegt >lDr Eq. IG

Where,
Do = the cumulative gamma air dose (mnmd) et the SITE BOUNDARY due to noble gas

radionuclides contained In all gaseous radwaste discharged from the site during the
fime Interval, t

Dgr the cumulative gamma air dose (mrad) at the SITE BOUNDARY due to noble gas
radionuclides contained In gaseous radwaste release, r, discharged from the site
during the time Interval of Interest

Calculate the values of D0,, for each gaseous release as described below.

b) At CCNPP, two methods exdst for calculating DC (i.e., the gamma air
dose at the SITE BOUNDARY due to noble gas radionuclides contained
in a gaseous radwaste release, r, discharged from the site during a
specified time interval).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting Information, are
presented In the following sections.

c) rigorous method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
the gamma air dose due to noble gases in gaseous effluents
released to UNRESTRICTED AREAS shall be calculated In
accordance with equation 18G.
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. GAMMA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (RIGOROUS EQUATION)

D;, s (3.17E-8) (XIQ) 2 [E(M,I) (Q1,)] Eq. isG'

Where,
3.17E-8 = The conversion constant, 3.17E-8, represents the Inverse of the number of

seconds In a year.

x/Q h= te highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered 'long-term" releases2 , and as such, the highest historical
annual average dispersion factor, (x/Q), Is used In the dose calculations.

The highest annual average dispersion factor (xIQ) Is 2.2EU (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

The maximum annual average on-shore concentrations occur in the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR. 2.3.6.3).

?4 = the air dose factor due to gamma emissions for each Identified noble gas
radlonuclide, I (mradlyr per microcurie/cublc meter)

The gamma air dose factors have bean obtained from Regulatory Guide 1.109,
Appendix B, Table B-1.

The gamma air dose factors for various noble gas radionuclides are tabulated In
Attachment 10.

= the total (tme averaged) activity of noble gas radionuclide, i, in gaseous release, r
(mlcrocudes).

At CCNPP, all releases are considered long term releases.

Calculate the values of C;r for each release in accordance with equation 19G.

Equation 18G has been derived from NUREG-01 33, 5.3.1..
2 NUREG-0133, 3.3
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TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

[,Q, * (Air)(Fr)(trl)(C') Eq. 19G

04ir = the specific activity of noble gas radlonuclide, 1, In release, r, discharged during the
time Interval of Interest (microcurieslcublc centimeter)

Fr the discharge flow rate for release, r, discharged during the time Interval of interest
(cubic meters per second)

if the discharge flow rate is unknown (e.g., the gaseous radwaste has not been
released), the Ma)dmum Discharge Flow Rate" lsted on Attachments 7 or 8 may be
used to calculate the average activity for nuclide i.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (e.g., Initial pressure, volume, and temperature of a WGDT along with
final pressure and temperature) shall be used In equation 19G.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

tir = the duration of the gaseous radwaste release (seconds)

c' = a conversion constant. IE6 cubic centimeters per cubic meter, which represents the
number of cubic centimeters per cubic meter.

(3) In the event a computer system Is unavailable, a simplified
equation may be used to calculate the gamma air dose due to
noble gases In gaseous effluents released to UNRESTRICTED
AREAS.

(4) The simplified method is presented below.

d) simplified method

(1) If a computer system and appropriate software are NOT available
to perform the rigorous gamma air dose calculation described In
the previous section, the gamma air dose, due to noble gas
radionuclides, In any single release of waste gases discharged to
UNRESTRICTED AREAS may be calculated In accordance with
equation 20G.
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GAMMA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE. r (SIMPLIFIED EQUATION)

I Du, 2 1(3.117134) (XfQ)(Mn) I Kf II: QI1,. r=q. 2.001

3.17E-8 = The conversion constant, 3.17E-8, represents the Inverse of the number of
seconds in a year.

xWQ = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered long-term" releases2, and as such, the highest historical
annual average dispersion factor, (x/Q), is used In the dose calculations.

The highest annual average dispersion factor (xQ) Is 2.2E-6 (UFSAR, 2.3.8.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

The maximum annual average on-shore concentrations occur in the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.e.3).

Manto = the empirically derived, site specific, average gamma air dose factor for each
Identified noble gas radionuclide, I (mradlyr per mIcrocurfelcubic meter)

A site-specific, average, gamma air dose factor has been calculated from historical
data.

The calculation of this she-specific, average, gamma air dose factor is presented on
Attachment 11 (use section 3.4.5 of the old ODCM.)

K3( = a constant, actually a safety factor, which Is the ratio of the CCNPP gamma air dose
limit to the ganmna air dose limit of Control 3.11.2.2, (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the
gamma air dose is always less than or equal to te gamma air dose limit of Control
3.11.2.2.

A safety factor of 1.00 will yield an gamma air dose which corresponds to the
gamma air dose limit of Control 3.1 1.2.2.

A safety factor of 0.500 will yield an gamma air dose which corresponds to one-half
the gamma air dose limit of Control 3.11.2.2.

It Is recommended that a safety factor of 1.0 be used for calculating the gamma air
dose, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

Equation 20G has been derived from NUREG-0133, 5.3.1.O 2 NUREG-0133, 3.3
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The particular value selected for the safety factor Is somewhat arbitrary; however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive gaseous release
permits. This administrative control Is designed to minimize the possibility of
violating Control 3.11.2.2 when simplifying assumptions are used.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as Is
reasonably achievable.

This safety factor has been Included In equation 20G to account for any potential
nonoonservatism associated with applying the empirically derived gamma air dose
factor, Mav, to all radionuclides Identified In the gaseous release. Such
nonconservatism could conceivable be present whenever radionuclides having a
gamma air dose factor greater than MAW are present In a gase6us release.

a - the total (time averaged) activity of noble gas radionuclide, i, In gaseous release, r
(microcuries)

At CCNPP, all releases are considered ong term releases.

Calculate the values of Qhr for each release in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

I Oi C m w(F (tio)(e') Eq. lOG3

A,, = the specific activity of noble gas radionuclide, 1, In release, r, discharged during the
time Interval of Interest (microcurieslcubic centimeter).

Fr = the discharge flow rate for release, r, discharged during the time interval of interest
(cubic meters per second).

If the discharge flow rate is unknown (e.g., the gaseous radwaste has not been
released), the "Maximum Discharge Flow Rate listed on Attachments 7 or 8 may be
used to calculate the average activity for nuclide 1.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

t,1. = the duration of the gaseous radwaste release (seconds).

c' = a conversion constant, 1E6 cubic centimeters per cubicmeter, which represents the
number of cubic centimeters per cubic meter.
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e) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective actions are Initiated
as described below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or
reference administrative and/or Control limits for quarterly and yearly
gamma air doses for gaseous effluents and shall specify corrective
actions to be Initiated when these imits are exceeded.

b) Refer to Control 3.11.2.2 for actions to be taken In the event the
calculated cumulative gamma air doses exceed 10 mrads per calendar
quarter or 20 mrads per calendar year.

CUMULATIVE BETA AIR DOSES DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1. Introduction

a) Appendix I to 10 CFR 50 specifies cumulative beta air dose limits
associated with the release of radioactive materials to UNRESTRICTED
AREAS.

b) Radiological effluent controls have been established to Implement the.
requirements of 10 CFR 50, Appendix I.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The cumulative beta air dose, due to noble gases in gaseous effluents
released to UNRESTRICTED AREAS, shall be less than 20 mrads In any
calendar quarter, and shall be less than 40 mrads In any calendar year
(per Control 3.11.2.2)

b) The routine surveillances which are performed to verify compliance with
these radiological effluent controls are described below.

3. Surveillance Requirement(s)

a) The cumulative beta air doses, for the current calendar quarter and the
current calendar year, due to noble gases in gaseous effluents, shall be o
determined at least once every 31 days (Control 4.11.2.2).

00

b) The plant group(s) responsible for performing the required surveillance(s)
are Identified below.

4. Responsible Plant Organizations

a) The CHEMISTRY SECTION Is responsible for calculating the cumulative
beta air doses.for the current calendar quarter and the current calendar

Ask year.
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b) The CHEMISTRY SECTION calculates the cumulative beta air doses
whenever the appropriate Initiating conditions are present

c) These Initiating conditions are contained In the following section.

5. Initiating Conditions

a) The cumulative beta air doses due to noble gases In gaseous effluents
shall be determined at least once per 31 days (Control 4.11.2.2).

b) The cumulative beta air doses due to noble gases In gaseous effluents
are calculated for each release of a WGDT.

c) The cumulative beta air doses due to noble gases In gaseous effluents
are calculated for each vent of a containment building.

d) The cumulative beta air doses due to noble gases In gaseous effluents
are calculated for each PURGE of a containment building.

e) The cumulative beta air doses due to noble gases in gaseous effluents
are calculated at least weekly' for CONTINUOUS discharges from plant
vent stacks.

f) The cumulative beta air doses due-to noble gases in gaseous effluents
are calculated for each discharge of combustion products resulting from
the burning of contaminated oil.

g) The cumulative beta air doses due to noble gases In gaseous effluents
are calculated for each ABNORMAL ANDIOlR UNANTICIPATED
RADIOACTIVE GAS RELEASE.

h) Whenever the correct Initiating conditions are present, the cumulative
beta air doses shall be calculated as described below.

6. Calculation Methodology

a) The cumulative beta air doses (e.g., for the current calendar month,
current calendar quarter, current calendar year, or previous 92 days) due
to noble gases In gaseous effluents shall be calculated In accordance
with equation 21G.

The frequency Is controlled by the Implementing procedure, and Is based on plant conditions.
Under no conditions shall the frequency be less than once per month (Controls 4.112.1.1 or
4.11.2.1.2, Table 4.11-2).

2 The criterla used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found
In CP-612 or CP-604.
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. CUMULATIVE BETA AIR DOSE FOR ALL GASEOUS RELEASES, r, DISCHARGED DURING
_ TIME INTERVAL, t

De u 2: D, Eq. 21G

Where,
Dart = the cumulative beta air dose (mrad) at the SIrE BOUNDARY due to noble gas

radionucildes contained in all gaseous radwaste discharged from the site during the
time interval, t

Dad -=tha beta air dose (mrad) due to noble gas radionuclides contained in gaseous
radwaste release, r, discharged from the site during the time interval of Interest

Calculate the values of Da, for each gaseous release as described below.

b) At CCNPP, two methods exist for calculating D (the beta air dose at the
SITE BOUNDARY due to noble gas radionucflaes contained in a gaseous
radwaste release, r, discharged from the site).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting information, are
presented in the following sections.

c) Rigorous method

(1) Solution of the following equation may prove too rigorous for
routine use unless a computer system and appropriate software
are available.

(2) If a computer system and the appropriate software are available,
-the cumulative beta air dose due to noble gases In gaseous
effluents released to UNRESTRICTED AREAS shall be calculated
In accordance with equation 22G.
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0 * BETA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (RIGOROUS EQUATION)

I Dir a: (3.17E.8) (xfQ) Z E(NI) (Q71 r)] Eq. 220'

Where,
Der = the beta air dose due to noble gas radionuclides contained In gaseous radwaste

release, r, discharged from the site during the time Interval of Interest

3.17E-8 The conversion constant, 3.17E-8, represents the Inverse of the number of
seconds In a year.

x/Q the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

AUl releases are considered *long-term" releases2 , and as such, the highest historical
annual average dispersion factor, (xIQ), is used in the dose calculations.

The highest annual average dispersion factor (xfQ) Is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

The maximum annual average on-shore concentrations occur In the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

1N the air dose factor. due to beta emissions for each Identified noble gas radionuclide, I
(mradlyr per microcudercubic meter)

The beta air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B. Table 6-1.

The beta air dose factors for various noble gas radionuclides are tabulated in
Attachment 10 (Attachment I of old ODCM).

a; = the total (time averaged) activity of noble gas radionuclide, i, in gaseous release, r
(mrcrocuries).

At CCNPP, all releases are considered long term releases.

Cal6ulate the values of Qir for each release in accordance With equation 1 9G.

0

I Equation 22G has been derived from NUREG-Oi 33, 5.3.1.
2 NUREG-0133, 3.3
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TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE 1 IN GASEOUS RELEASE r

l a Air) (Fr) (ho) ( c' ) Eq. I9SG

Air = the specific activity of noble gas radionuclide, 1, In release, r, discharged during the
time Interval of interest (microcurieslcubic centimeter).

Fr = the discharge flow rate for release, r, discharged during the time interval of interest
(cubic meters per second).

If the discharge flow rate Is unknown (e.g., the gaseous radwaste has not been
released), the "Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be
used to calculait the average activity for nudilde l.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

tj, = the duration of the gaseous radwaste release (seconds).

c' = a conversion constant, IE6 cubic centimeters per cubic meter.

(3) In the event a computer system Is unavailable, a simplified
equation may be used to calculate the gamma air dose due to
noble gases In gaseous effluents released to UNRESTRICTED
AREAS

(4) The simplified method Is presented below.

d) Simplified method

(1) If a computer system and the appropriate software are NOT
available to perform the rigorous beta air dose calculation
described in the previous section, the beta air dose resulting from
a single release of waste gases discharged to UNRESTRICTED
AREAS may be calculated in accordance with equation 23G.
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BETA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (SIMPLIFIED EQUATION)-

= [C(3.17E-6) ( Q ) (N.j ) I Kf Zd i Eqi.23G'I

3.17E-8 = The conversion constant, 3.17E-8, represents the Inverse of the number of
seconds in a year.

x/Q = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term releases2, and as such, the highest historical
annual average dispersion factor, (x/Q), Is used In the dose calculations.

The highest annual average dispersion factor (x]Q) Is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term- concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

The maximum annual average on-shore concentrations occur in the southeast
sector at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

Na8 9 the empirically derived, site specific, average beta air dose factor for each identified
noble gas radionuclide, I (mradlyr per mlcrocudielcubic meter)

A site-specific, average, beta air dose factor has been calculated from historical
data.

The calculation of this site-specific, average, beta air dose factor Is presented on
Attachment 11.

Y%6f =a constant, actually a safety factor, which Is the ratio of the CCNPP beta air dose
limit to the beta air dose limit of Control 3.11.2.2, (unitess)

The safety factor chosen shall be less than or equal to 1.00. This ensures the beta
air dose is always less than or equal to the beta air dose limit of Control 3.11.2.2.

A safety factor of 1.00 will yield an organ dose which corresponds to the beta air
dose limit of Control 3.11.2.2.

A safety factor of 0.500 will yield an beta air dose which corresponds to one-half the
beta air dose limit of Control 3.11.2.2.

It Is recommended that a safety factor of 1.0 be used for calculating the beta air
dose, however, other values-not to exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

Equation 23G has been derived from NUREG-0133, 6.3.1.
2 NUREG-0133, 3.3
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0
The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive gaseous release
permits. This administrative control Is designed to minimize the possibility of
violating Control 3.11.2.2 when simplifying assumptions are used.

The use of a safety factor Is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.

This safety factor has been Included in equation 23G to account for any potential
nonconservatism associated with applying the empirically derived beta air dose
factor, N.,,, to all radionuclides Identified in the gaseous release. Such
nonconservatism could conceivable be present whenever radionucildes having a
beta air dose factor greater than N... are present In a gaseous release.

air, = the total (time averaged) activity of noble gas radionuclide, i, in gaseous release, r
(microcurlies)

At CCNPP, all releases are considered long term releases.

Calculate the values of Qjr for each release in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTVTY OF NOBLE GAS NUCLIDE I IN GASEOUS RELEASE r

0 Q Ad a (A,) (F,) (to) (C') Eq. 190

Air, = the specific activity of noble gas radionuclide, i, In release, r, discharged during the
time Interval of Interest (microcuries/cubic centimeter)

Fr = the discharge flow rate for release, r, discharged during the time Interval of interest
(cubic meters per second)

If the discharge flow rate Is unknown (e.g., the gaseous radwaste has not been
released), the "Maxirnum Discharge Flow Rater listed on Attachments 7 or 8 may be
used to calculate 1he average activity for nuclide i.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

h= te duration of the gaseous radwaste release (seconds).

c' = a conversion constant, 1E8 cubi centimeters per cublc meter.

e) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective actions are initiated
as described below.
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7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or
reference administrative and/or Control limits for quarterly and yearly beta
air doses for gaseous effluents and shall specify corrective actions to be
Initiated when these limits are exceeded.

b) Refer to Control 3.11.2.2 for actions to be taken in the event the
calculated cumulative beta air doses exceed 20 mrads per calendar
quarter or40 mrads per calendar year.

CUMULATIVE ORGAN DOSES DUE TO IODINES AND PARTICULATES IN GASEOUS
EFFLUENTS

1. Introduction

a) Appendix I to 10 CFR 60 specifies cumulative organ dose limits
associated with the release of radioactive materials to UNRESTRICTED
AREAS.

b) Radiological effluent controls have been established to Implement the
requirements of 10 CFR 50, Appendix I.

c) These radiological effluent controls are described below.

2. Radiological Effluent Controls

a) The cumulative organ dose due to lodines and particulates In gaseous
effluents released to UNRESTRICTED AREAS shall be less than 15
mrems per calendar quarter, and shall be less than 30 mrems per
calendar year (per Control 3.11.2.3).

b) The cumulative organ dose due to lodines and particulates In gaseous,
contaminated oil combustion products released to UNRESTRICTED
AREAS shall be less than 0.015 mrems per quarter, and shall be less
than 0.030 mrems per year (per Control 3.11.2.3).

c) The routine surveillances which are performed to verify compliance with
this radiological effluent controls are described below.

3. Surveillance Requirements

a) The cumulative organ doses (due to lodines and particulates In gaseous
waste discharged to UNRESTRICTED AREAS), for the current calendar
month, the current calendar quarter, and the current calendar year, shall
be determined at least once every 31 days In accordance with the ODCM E
(per Control 4.11.2.3).

b) The plant group(s) responsible for performing the required surveillances
are Identified below.
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4. Responsible Plant Organizations

a) The CHEMISTRY SECTION Is responsible for Implementing the
surveillances required by Control 4.11.2.3.

b) The CCNPP CHEMISTRY SECTION calculates the cumulative organ
doses whenever the appropriate Initiating conditions are present

c) These Initiating conditions are contained In the foflowing section.

5. Initiating Conditions

a) The cumulative organ dose-for each organ--shall be determined at least
once per 31 days (Control 4.11.2.2).

b) The cumulative organ dose-for each organ-due to iodines and
particulates In gaseous effluents shall be calculated at least weekly1 for
CONTINUOUS discharges from plant vent stacks.

c) The cumulative organ dose-for each organ-due to lodines and
particulates In gaseous effluents shall be calculated for each discharge of
combustion products resulting from the burning of contaminated oil.

d) The cumulative organ dose-for each organ-due to lodines and
particulates In gaseous effluents shall be calculated for each
ABNORMAL ANDIOR UNANTICIPATED RADIOACTIVE GAS
RELEASE:

e) Whenever the correct Initiating conditions are present, the annual
cumulative organ doses shall be calculated as described below.

6. Calculation Methodology

a) The cumulative organ doses (for the calendar month, calendar quarter,
previous 92 days, and calendar year) due to lodines and particulates in
gaseous waste discharged to UNRESTRICTED AREAS shall be
calculated in accordance with equation 24G.

The frequency Is controlled by the Implementing procedure, and is based on plant conditions.
Under no conditions shall the frequency be less than once per month (Controls 4.112.1.1 or
4.11.2.1.2, Table 4.11-2).



: --=

Offsite Dose Calculation Manual
Revision 6

Page 191 of 325

. CUMULATIVE DOSE TO ORGAN, o, FROM ALL GASEOUS RELEASES, r, DISCHARGED
0 DURING TIME INTERVAL, t

i Dot = 2 Dar Eq.24G

Where,
Dot = the cumulative dose (mrad) to organ, o, at the SITE BOUNDARY, due to iodine and

particulate radionuclides contained In gaseous waste discharged from the site during
the time Interval, t

Dor = the dose (mrad) to organ, o, at the SITE BOUNDARY due to Iodine and particulate
radionuclides In gaseous release, r, discharged from the site during the time Interval
of Interest

Calculate the values of Dor for each gaseous release as described below.
S

b) At CCNPP, two methods exist for calculating D (the organ doses due to
lodines and particulates resulting from any singe release of radioactive
gases to an UNRESTRICTED AREA).

(1) The rigorous method shall be used IF a computer system and the
appropriate software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

(3) These methods, as well as additional supporting Information, are
presented in the foflowing sections.

c) Rigorous method

(1) Application of the following equation may prove too rigorous for
routine use unless a computer system and the appropriate
software are available.

(2) If a computer system and the appropriate software are available,
the organ doses due to lodines and particulates contained In any
single release of radioactive gases to UNRESTRICTED AREAS
shall be calculated In accordance with equation 25G.



OffsHe Dose Calculation Manual Page 192 of 325
Rvision 6

_ DOSE TO ORGAN, o, DUE TO IODINES AND PARTICULATES IN GAS RELEASE, r
0 (RIGOROUS EQUATION) -

I ~~~Dor (3.17E-3) (W,) X( Rjp.) (Q',) Eq. 250G'I

Where,
Dog = the dose (mrem) to organ, o, at the SITE BOUNDARY due to Iodine and particulate

radionucldes In gaseous release, r, discharged from the site during the time interval
of interest

3.17E-8 = The conversion constard, 3.17E-8, represents the inverse of the number of
seconds in a year.

WV the dispersion parameter for estimating the dose to an individual at the controlling
location for long term releases, and may assume one of two values as described
below

Wv is x/Q for the inhalation pathway (2.2E-B secdcubic meter)

W. Is DIQ for the food and ground plane pathways (meters-2 )

DIQ = the dispersion parameter at the controlling location for long term releases (meters-2 )

The value for D/Q has been determined to be 8.63E-10 m2 2

The grass-cow-milk pathway Is the controlling pathways

The controlling sector Is the south-southwest sector.

The controlling location Is at a distance of 4800 meters.S

Ripa,<,= the dose factor for each identified Iodine or particulle radionucdide, i, exposure
pathway, p, receptor age group, a, and organ, o (m mremlyear per
microcurdeslsecond or mremtyear per microcuries/cubic meter)

dose factors have been derived for the following pathways

1) inhalation - see Attachment 12

2) ground plane - see Attachment 12

3) grass-cow-mlk - see Attachment 12

4) grass-cow-meat - see Attachment 12

5) vegetation - see Attachment 12

Equation 25G has been derived from NUREG-0133, 5.3.1.
See CP-607, Revision 2 section 3.4.3.

3 See the "Land Use Survey". 1990X



Offslte Dose Calculation Manual Page 193 of 325
Revision 6

The Inhalation pathway dose factors were obtained using the formula from NUREG-
0133,5.3.1.1.

The ground plane dose factors were obtained using the formula from NUREG-0133,
5.3.1.2.

The grass-cow-milk pathway dose factors were obtained using the formula from
NUREG-0133, 5.3.1.3.

The grass-oow-meat pathway dose factors were obtained using the formula from
NUREG-0133, 5.3.1.4.

The vegetation pathway dose factors were obtained using the formula from NUREG-
0133.5.3.1.5.

Quar ethe total (time averaged) activity of iodine or particulate radionuclide, i, In gaseous
release, r, discharged during the specified time interval (microcurles)

At CCNPP, all releases are considered long term releases.

Calculate the values of Qf for each release In accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF IODINE OR PARTICULATE NUCLIDE I IN
GASEOUS RELEASE r

*CI = (A,,)(F,)(tr)(c) Eq. 19G|

Air = the specific activity of Iodine and particulate radionuclide, i, in release, r, discharged
during the time Interval of Interest (mlcrocuriedIcubic centimeter)

Fr = the discharge fiow rate for release, r, discharged during the time Interval of Interest
(cubic meters per second)

If the discharge flow rate Is unknown (e.g., the gaseous radwaste has not been
released), the Maximum Discharge Flow Rate! listed on Attachments 7 or 8 may be
used to calculate the average activIty for nuclide i.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

tjr = the duration of the gaseous radwaste release (seconds)

Cal = a conversion constant, liE6 cubIccerntmeters per cubic meter

(3) In the event a computer system and the appropriate software are
unavailable, a simplified equation may be used to calculate the
organ doses due to Individual gaseous releases.

(4) The simplified method Is presented below.
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d) simplified method

(1) If a computer system and appropriate software are NOT available
to perform the rigorous organ dose calculations described in the
previous section, the organ doses due to lodines and particulates
in a single release of radioactive gases discharged to an
UNRESTRICTED AREA may bb calculated in accordance with
equation 26G..

DOSE TO ORGAN, o, FROM IODINES AND PARTICULATES IN GAS RELEASE, r
(SIMPLIFIED EQUATION)

I Dmam = (3.17E8) (Wv) (RI.131) I KfI T.(Q',) Eq. 26G'I

Dmrawr = the ma)dmum dose to any organ, o, due to lodines and particulates contained in any
single release, r, of radioactive gases to an UNRESTRICTED AREA

3.17E-8 - The conversion constant, 3.17E-8, represents the Inverse of the number of
seconds in a year.

D/Q = the dispersion parameter at the controlling location for long term releases (meters- 2)

The value for DIQ has been determined to be 8.63E-10 m-2.2

The grass-cow-milk pathway Is the controlling pathways

The controlling sector Is the south-southwest sector.

The controlling location Is at a distance of 4800 meters.2

= the Infant, thyroid, dose factor for 1-131 via the grass-cow-milk pathway (M2

mremlyear per microcureslsecond)

This value Is 1.05E12 and it Is listed on Attachmnent 12.

Ksf = a constant actually a safety factor, which is the ratio of Fe CCNPP organ dose limit
to the organ dose limit of Control 3.11.2.3, (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the organ
dose is always less than or equal to the organ dose limit of Control 3.11.2.3.

A safety factor of 1.00 will yield an organ dose which corresponds to the organ dose
limit of Control 3.11.2.3.

A safety factor of 0.500 will yield an organ dose which corresponds to one-half the
organ dose limit of Control 3.11.2.3.

I Equation 26G has been derived from NUREG-0133, 5.3.1.
2 See CP-eO, Revision 2 section 3A.3.
s See the "Land Use Survey', 1990.
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It Is recommended that a safety factor of 1.0 be used for calculating the organ dose,
however, other values-not to exceed 1.00-may be used as directed by the General
Supervisor Chemistry.

The particular value selected for the safety factor Is somewhat arbitrary, however a
safety factor does provide plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactive gaseous release
permits. This administrative control is designed to minimize the possibility of
violating Control 3.11.2.3 when simplifyng assumptions are used.

The use of a safety factor is consistent with the ALARA philosophy that licensees
should make every reasonable effort to maintain radiation exposures, and releases
of radioactive materials In effluents to UNRESTRICTED AREAS, as low as is
reasonably achievable.

This safety factor has been Included in equation 26G to account for any potential
nonconservatism associated With applying the Infant, thyroid, grass-cow-milk dose
factor, RX 131, to all radionuclides Identified in the gaseous release. Such
nonconservatism could conceivable be present whenever radionuclides having a
pathway dose factor greater than R,.131 are present In a gaseous release.

aitr = the total (irne averaged) activity of Iodine or particulate radionuclide, 1, In gaseous
release, r (microcurles)

At CCNPP, all releases are considered long term releases.

This value shall be calculated In accordance with equation 1 9G.

TOTAL (TIME AVERAGED) ACTIVITY OF IODINE OR PARTICULATE NUCLIDE I IN
GASEOUS RELEASE r

( Ak )(Fr) (e )) Eq. 190

Air = the specific activity of Iodine and particulate radionuclide, I, In release, r, discharged
during the time Interval of Interest (microuries/cubic centimeter)

Fr = the discharge flow rate for release, r, discharged during the time interval of interest
(cubic meters per second)

If the discharge flow rate Is unknown (e.g., the gaseous radwaste has not been
released), the "Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be
used to calculate the average activity for nuclide i.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procedures.

tar = the duration of the gaseous radwaste release (seconds)

Cal = a conversion constant, 1E6 cubic centimeters per cubic meter
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e) Once the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective actions are Initiated
as described below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall oontain/and or
reference administrative and/or Control limits for cumulative organ dose
for gaseous effluents and shall specify corrective actions to be initiated
when these limits are exceeded.

b) Refer to Control 3.11.2.3 for actions to be taken In the event the
calculated cumulative gamma air doses exceed any of the radiological
effluent controls listed above.

LIMITS FOR THE GASEOUS RADWASTE PROCESSING SYSTEM

I1. Introduction

a) 10 CFR 50.36a requires licensees to maintain and use the equipment
Installed in the gaseous waste processing system for the purpose of
controlling effluents to the environment.

b) Radiological effluent controls have been established to implement the
requirements of 10 CFR 60.36a.

c) These radiological effluent controls are described below.

2. Radiological effluent controls

a) The GASEOUS RADWASTE PROCESSING SYSTEM and the
VENTILATION EXHAUST PROCESSING SYSTEM shall be used to
reduce radioactive materials in gaseous waste prior to their discharge
when the gaseous effluent air dose, to areas at and beyond th SITE
BOUNDARY, exceeds 1.20 mrads gamma radiation in a 92 day period
(per Control 3.11.2.4).

b) The GASEOUS RADWASTE PROCESSING SYSTEM and the
VENTILATION EXHAUST PROCESSING SYSTEM shall be used to
reduce radioactive materials in gaseous waste prior to their discharge
when the gaseous effluent air dose, to areas at and beyond the SITE
BOUNDARY, exceeds 2A mrads beta radiation In a 92 day period (per
Control 3.11.2.4).

c) The VENTILATION EXHAUST PROCESSING SYSTEM shall be used to
reduce the quantity of radioactive materials In gaseous waste prior to
their discharge when the calculated doses due to gaseous effluent
releases, to areas at and beyond the SITE BOUNDARY exceeds 1.80
mrem to any organ in a 92 day period (per Control 3.11.2-4).

d) The routine surveillances which are performed to verify compliance with
this radiological effluent controls are described below.



OffMite Dose Calculation Manual Page 197 of 325
Revision 6

3. Surveillance Requirement(s)

a) The cumulative gamma air dose, for the previous 92 days, due to noble'
gases In gaseous effluents, shall be determined at least once every 31
days (Control 4.11.2.2).

b) The plant group(s) responsible for performing the required surveillance(s)
are identified below.

4. Responsible Plant Organizations

a) The CHEMISTRY SECTION is responsible for calculating the cumulative
gamma air doses for the current calendar month, the previous 92 days,
the current calendar quarter, and the current calendar year.

b) The cumulative gamma air dose for the previous 92 days is calculated
whenever the appropriate Initiating conditions are present

c) These initiating conditions are contained In the following section.

5. Initiating conditions

a) For a listing of Initiating conditions associated with calculating gamma air
doses, see Initiating Conditions" In the section of the 00CM titled,
"Cumulative Gamma Air Doses Due To Noble Gases In Gaseous
Effluents."

b) For a listing of Initiating conditions associated with calculating beta air
doses, see "InItiafing Conditions In the section of the ODCM Utled,
"Cumulative Beta Air Doses Due To Noble Gases In Gaseous Effluents."

c) For a risting of Initiating conditions associated with calculating cumulative
organ doses, see "Initiating Conditionse In the section of the ODCM titled,
"Cumulative Organ Doses Due To Wodines And Particulates In Gaseous
Effluents."

6. Calculation methodology

a) Calculate the previous 92-day cumulative gamma air dose as
described In the section "Cumulative Gamma Air Doses Due To Noble
Gases In Gaseous Effluents."

b) Calculate the previous 92-day cumulative beta air dose as described In
the section TCumulative Beta Air Doses Due To Noble Gases In Gaseous
Effluents."

c) Calculate the previous 92-day cumulative organ dose as described In the
section "Cumulative Organ Doses Due To lodines And Particulates In
Gaseous Effluents."
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7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall containtand or
reference administrative and/or Control limits for 92-day cumulative
gamma, beta, or organ doses for gaseous effluents and shall specify
corrective actions to be Initiated when these limits are exceeded.

b) Refer to Control 3.11.2.4 for actions to be taken in the event the
calculated 92-day cumulative gamma air, beta air, or organ doses exceed
any of the radiological effluent controls listed above.

LIMITS ON TOTAL ANNUAL DOSE - GASES, LIQUIDS. AND URANIUM FUEL CYCLE
SOURCES

1. Introduction

a) 40 CFR 190 specifIes annual dose limits for radlonucides released to the
environment

b) Radiological effluent controls have been established to implement the
requirements of 40 CFR 190.

c) These radiological effluent controls are described below.

2. Radiological effluent controls

a) The total body dose from exposure to the combination of liquid releases,
gas releases, and uranium fuel cycle sources shall be less than 25 mrem
for the current calendar year (per Control 3.11.4).

b) The organ dose (for the maximum exposed organ, not including the
thyroid) from exposure to the combination of liquid releases, gas
releases, and uranium fuel cycle sources shall be less than 25 mrem for
the current calendar year (per Control 3.11.4).

c) The thyroid dose from exposure to the combination of liquid releases, gas
releases, and uranium fuel cycle sources shall be less than 75 mrem for
the current calendar year (per Control 3.11.4).

d) The routine surveillances which are performed to verify compliance with
these radiological effluent controls are described below.

3. Surveilance Requirements

a) The cumulative gamma air doses, for current calendar monh the current
calendar quarter, and the current calendar year, due to noble gases in
gaseous effluents, shall be determined at least once every 31 days
(Control 4.11.2.2).

b) The cumulative organ doses (due to lodines and particulates In gaseous
waste discharged to UNRESTRICTED AREAS), for the current calendar
month, the current calendar quarter, and the current calendar year, shall
be determined at least once every 31 days In accordance with the ODCM
(per Control 4.11.2.3).
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c) Cumulative total body dose to MEMBERS OF THE PUBLIC In
UNRESTRICTED AREAS-for the current calendar month, the calendar
quarter, and the current calendar year-shall be calculated at least once
per 31 days (per Control 4.11.1.2).

d) CumUlative organ doses to MEMBERS OF THE PUBLIC In o
UNRESTRICTED AREAS-for the current calendar month, the current
calendar quarter, and the current calendar year-shall be calculated at
least once per 31 days (per Control 4.11.1.2).

e) The direct radiation dose to MEMBERS OF THE PUBLIC exposed to
uranium fuel cycle sources (i.e.; reactor units and outside storage tanks)
shall be determined IF THE APPROPRIATE INITIATING CONDITIONS
ARE PRESENT.,

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION Is responsible for Implementing the effluent
surveillances required by Control 4.11.A.1.

b) The CHEMISTRY SECTION Is responsible for ensuring Implementation
of the direct radiation surveillances required by Control 4.1 1.42

c) IT SHOULD BE NOTED THAT NO SURVEILLANCES NEED BE
PERFORMED UNLESS THE APPROPRIATE INITIATING CONDITIONS
ARE PRESENT.

d) These initiating conditions are contained In the following section.

5. Initiating conditions

a) The total dose from liquid releases, gas releases, and uranium fuel cycle
sources shall be determined whenever the calculated doses from liquid
effluents exceed any of the following (per Control 4.11.4.2):

(1) Six (6) mrem per quarter to the total body

(2) Twelve (12) mrem per calendar year to the total body

(3) Twenty (20) mrem per quarter to any organ

(4) Forty (40) mrem per calendar year to any organ

b) The total dose from liquid releases, gas releases, and uranium fuel cycle
sources shall be determined whenever the calculated air doses from
noble gasses In gaseous effluents exceed any of the following (per
Control 4.11.4.2):

(1) Twenty (20) mrad gamma per quarter

(2) Forty (40) mrad gamma per calendar year

(3) Forty (40) mrad beta per quarter
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(4) Eighty (80) mrad beta per calendar year

C) The total dose from liquid releases, gas releases, and uranium fuel cycle
sources shall be determined whenever the calculated organ doses from
lodines and particulates In gaseous effluents exceed any of the
following (per Control 4.11.4.2):

(1) Thirty (30) mrem per quarter to any organ

(2) Sixty (60) mrem per calendar year to any organ

d) Whenever th correct Initiating conditions are present, the total doses
from liquid releases, gas releases, and uranium fuel cycle sources (for
the calendar year) shall be calculated as shown below.

6. Calculation methodology

a) The total body dose and the organ doses from liquid releases, gas
releases, and uranium fuel cycle sources (for the calendar year) shall be
calculated In accordance with equation 1T and 2T respectively.

TOTAL, TOTAL BODY DOSE FROM LQUID RELEASES, GAS RELEASES, AND URANIUM
FUEL CYCLE SOURCES

I D**11 ~~~ Dr*L +09 +I~btan Eq. IT

TOTAL ORGAN DOSES FROM LIQUID RELEASES, GAS RELEASES. AND URANIUM FUEL
CYCLE SOURCES

I Dom = DTOL +Doi + Dtm Eq. 2T

D1b* = the dose (mrem) to total body resulting from the combination of all gas releases, all
liquid releases, and all uranium fuel cycle sources.

Dorau= the dose (mrem) to organ, o, resulting from the combination of all gas releases, all
liquid releases, and all uranium fuel cycle sources.

Separate values shall be calculated for each of th organs listed below:

1. bone

2. liver

3. thyroid

4. kidney

5. lung

0 6. GItract
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DTOL = the cumulative dose (mrem) to organ, o, for all liquid releases discharged In a given
*ime Interval

Calculate this value as specified by equation 8L.

- ut =d the site-boundary cumulative gamma air dose (mrad) due to noble gas radionuclides
contained in all gaseous radwaste discharged from the site during the time Interval, t

Calculate this value as specified by equation 17G, except substitute Ki for M1 (see
Attachment 10).

Djot = the site-boundary cumulative organ dose (mrem) resulting from the release of iodine
and particulate radionuclides In gaseous releases from the site

Calculate this value as specified by equation 24G.

Dtank = the calendar-year cumulative dose (mrem) to the maximum exposed MEMBER OF
THE PUBLIC due to direct radiation from the reactor units and outside storage tanks

This value shall be based on the results of direct radiation measurements from TLDs
or continuous dose rate Instruments placed near the SITE BOUNDARY (e.g., from
radiological environmental monitoring sites DRI-DR9 described on Attachment 13
and shown on Attachment 18).

The CHEMISTRY SECTION, and the Radiation Safety Section are responsible for
determining this value.

b) Compare the calculated values to the radiological effluent controls (listed
In this section), and If any of the radiological effluent controls have been
exceeded, perform the appropriate corrective actions listed below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall containtand or
reference administrative and/or Control limits for total dose for liquid
releases, gaseous releases, and uranium fuel cycle sources and shall
specify corrective actions to be Initiated when these limits are exceeded.

b) Refer to Control 3.11.4 for actions to be taken in the event the total dose
exceeds any of the radiological effluent controls listed above.

c) f any of the radiological effluent controls have been exceeded, refer to
40 CFR 302, Appendix B, and verify the quantities of radioactive
materials released are less than the values specified. 1375B1

0
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SPECIAL EXCEPTIONS AND ASSUMPTIONS FOR CALCULATION OF DOSES AND DOSE
RATES

1. Camp Conoy

a) Location

(1) Camp Conoy is located within the SITE BOUNDARY.

(2) Camp Conoy Is located In the SE sector.

(3) Camp Conoy Is approximately 3000 feet from the plant

b) Occupancy

(1) Camp Conoy Is frequently visited by MEMBERS OF THE
PUBLIC.

(2) Maximum occupancy for MEMBERS OF THE PUBLIC at Camp
Conoy is restricted to approximately 3380 hours per year.

c) Meteorology

(1) The highest historical annual average x1Q for Camp Conoy is
2.40E-6 seconds per cubic meter.'

d) Dose calculation assumptions

(1) Based on sections (b) and (c) above, any actual exposure to a
MEMBER OF THE PUBLIC at Camp Conoy will be less than the
calculated exposure for a MEMBER OF THE PUBLIC at the SITE
BOUNDARY.1

(2) No special considerations are required for addressing potential
exposure at Camp Conoy.

2. Visitor's Center

a) Location

(1) The Visitor's Center is located within the SITE BOUNDARY.

(2) The Visitors Center Is located in the WNW sector.

(3) The Visitor's Center Is approximately 1000 feet from the plant.

b) Occupancy

(1) The Visitor's Center Is frequently visited by MEMBERS OF THE
PUBLIC.

See CP-607, Revision 2 page 24.
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(2) MaxImum occupancy for MEMBERS OF THE PUBUC at The
Visitor's Center Is restricted to daylight hours.

c) Meteorology

(1) The highest historical annual average x/Q for the Visitor's Center
Is 8.68E-6 seconds per cubic meter.1

(2) The wind frequency for the WNW sector, based on 1983
meteorological data, Is four percent (4%).'

d} Dose calculation assumptions

(1) "Using a conservative basis of 10% wind frequency, and Individual
visiting the center for 330 hours/year during the periods of worst
case meteorological conditions would be most highly exposed."'

(2) The dose calculated for the controlling SITE BOUNDARY is more
conservative by a factor of 7.1

(3) Based on sections (b) and (c) above, any actual exposure to a
MEMBER OF THIE PUBLIC at The Visitor's Center will be less
-than the calculated exposure for a MEMBER OF THE PUBLIC at
the SITE BOUNDARY.

(4) No special considerations are required for addressing potential
exposure at The Visitors Center.

See CP-7, Revision 2 page 24,



OffsIte Dose Calculation Manual Page 204 of 325
Revision 6

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

1. introduction

a) 10 CFR 50, Appendix 1, Section IV.B.2 requires licensees to establish an
environmental surveillance and monitoring program for the purpose of
evaluating the relationship between quantitles of radioactive material
released In effluents and resultant radiation doses to individuals.

b) Radiological environmental controls have been established to Implement
the requirements of 10 CFR 50, Appendix I, Section IV.B.2.

c) These radiological environmental controls are described below.

2. Controls on the Radiological Environmental Monitoring Program (REMP)

a) The REMP shag consist of environmental sample locations, analysis
parameters, analysis frequencies, detection limits, and ACTION levels all
of which conform to the requirements of Control 3.12.1. (See Attachment
13,14,15, 16, and 17).

b) The REMP shall maintain a map showing sample locations near the SITE
BOUNDARY In accordance with Control 3.12.1. (See Attachment 18).

c) The REMP shall maintain a map showing sample locations within a 8 km.
radius of the plant in accordance with Technical Specification 6.6.2
(Improved Technical Specification 5.8.2). (See Attachment 19).

3. Surveillance Requirements

a) Surveillances for direct radiation

(1) Direct radiation dosimetry shall be collected from locations DRI-
DR23 listed on Attachment 13.

(2) In the event any of the monitoring stations, DRI-DR23. described
on Attachment 13 become unavailable, establish new monitoring
stations (with new dosImetry) as described below:

(a) In lieu of any location DRI-DR9 described on Attachment
13, establish a new monitoring station In the same
meteorological sector In the general area of the SITE
BOUNDARY.

(b) In lieu of any location DR10-DR18 described on
Attachment 13, establish a new monitoring station In the

This portion of the environmental monitoring program Is designed to monitor the environment
surrounding the CCNPP. A separate environmental monitoring program designed to monitor the
environment surrounding the Independent Spent Fuel Storage Installation is described elsewhere
in the ODCM.
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same meteorological sector In the 6-8 km range from the
site.

(c) In lieu of any location DRI9-DR2S3 described on
Attachment 13, establish a new monitoring station In either
a special Interest area (e.g., population center, nearby
residence, school) or a control station whichever Is
applicable.

(3) In the event arny dosirmetry at an existing monitoring location DRI-
DR23 becomes unavailable, place new dosimetry at the
monitoring station.

(4) Analyze the dosimeters at the frequencies and for the parameters
idenified on Attachment 14.

(5) The sampling locations(s), excluding the control station location,
having the loWest calculated dose or dose commitment(s), via the
same exposure pathway, may be deleted from the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
after October 31 of the year In which the land use census was
conducted in accordance with Control 3.12.2.b.

b) Survellances for airborne activity

(1) Radioiodine and particulate samples shall be collected from
locations Al-AS listed on Attachment 13.

(2) In the event any of the monitoring stations, Al-A5, described on
Attachment 13 become unavailable, establish new monitoring
station(s) (fitted with new radiolodine and particulate samplers) as
described below:

(a) In lieu of any location AI-A3 described on Attachment 13,
establish a new monitoring station In the general area of
the SITE BOUNDARY, such that the three monItoring
stations are located in the meteorological sectors wit the
three highest calculated annual average ground level DIQ.

(b) In lieu location A4 described on Attachment 13, establish a
new monitoring station near a community having the
highest calculated annual average ground level DIQ.

(c) In lieu of location AS described on Attachment 13 establish
a new acontrol' location 15 to 30 kilometers from the plant
in the least prevalent wind direction.

(3) In the event any radiolodine cartridge or particulate filter becomes
unavailable from an existing monitoring location Al-A5 described
on Attachment 13, place new radlolodine cartridge or particulate
filter In the air sampler at the monitoring station.

(4) Analyze the samples at the frequencies and for the parametersIdentified on Attachment 15.
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(5) The sampling locations(s), excluding the control station location,
having the lowest calculated dose or dose commitment(s), via the
same exposure pathway, may be deleted from the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
after October 31 of the year In which the land use census was
conducted In accordance with Control 3.12.2.b.

c) Surveillances of waterborne activity

(1) Water and sediment samples shall be collected from the locations
Wal, Wa2, and WbI listed on Attachment 13.

(2) In the event any of the samples at Wal, Wa2, or Wbi are
unavailable, collect substitute samples as described belowv.

(a) In lieu of a liquid sample at Wal, collect a substitute
sample of surface water from the intake area.

(b) In lieu of a liquid sample at Wa2, collect a substitute
sample of surface water from the discharge area.

(c) In lieu of sample at Wbl, collect a substitute sample of
sediment from a downstream shoreline with existing or
potential recreational value.

(3) Analyze the samples at the frequencies and for the parameters
Identifled on Attachment 16.

(4) The sampling locations(3), excluding the control station location,
having the lowest calculated dose or dose commitment(s), via the
same exposure pathway, may be deleted from the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

___- -- afteF06teber4l-fhe year-inwhichhelandeus census-vWa
conducted In accordance with Control 3.12.2.b.

d) Surveillances for ingestible activity

(1) Fish/invertebrate, milk, and food product samples shall be
collected from the locations lal thru la6 and Ibi thru Ib9 listed on
Attachment 13.

(2) In the event any of the samples at lal thru la6 or Ibi thru lb9 are
unavailable, collect substitute samples as described below:

(a) In lieu of samples at lal thru Ia3, collect substitute three
commercially and/or recreationally important species (two
fish species and one invertebrate species) from th vicinity
of the plant discharge area.

(b) In lieu of samples at la4 thru la6, coliect three
commercially and/or recreationally important species (two
fish species and one Invertebrate spades) from an area0 not influenced by plant discharges.
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(c) In lieu of samples at Ibi thru Ib6, collect three kinds of
broad leaf vegetation grown near the SITE BOUNDARY at
two different locations of highest average ground level

(d) In lieu of samples at lb7 thru Ib9, collect one sample each
of the similar broad leaf vegetation grown 15-30 km distant
In the least prevalent wind direction.

(3) Analyze the samples -at the frequencies and for the parameters
Identified on Attachment 17.

(4) The sampling locations(s), excluding the control station location,
having the lowest calculated dose or dose commitment(s), via the
same exposure pathway, may be deleted from the Radiological
Environmental Monitoring Program after October 31 of the year in
which the land use census was conducted In accordance with
Control 3.12.2.b.

4. Responsible Company Organizations

a) The CHEMISTRY SECTION, CCNPPI Is responsible for ensuring
performance of the surveillances listed above.

5. InItiating conditions

a) Collect samples In accordance with the frequencies specified on
Attachments 14, 15, 16, and 17.

b) Analyze samples In accordance with the frequencies specified on
Attachments 15, 16, and 17.

__ c u) ate te-potiWal-nnualdoses4ecordanie-ththe-medtodology
outlined below if any of the following conditions are true:

(1) any of the above surveillance results reveal levels of
environmental activity greater than the ACTION Levels specified
on Attachments 15, 16, 17 (per Control Table 3.12-2)

(2) any radionuclides other than those in Attachments 15, 16, and 17
are detected, and the radionucildes are the result of plant
effluents.

d) The REMP Manager Is responsible for notifying the General Supervisor-
Chemistry, CCNPP, If any of the following conditions are true:

(1) any of the above surveIllance results reveal levels of
environmental activity greatbr than the ACTION Levels specified
on Attachments 15, 16 17 (per Control Table 3.12-2)

With fresh leafy vegetable samples unavailable from one or more of the sample locations listed on
Attachment 13, perform corrective actions specified by Control 3.12.1.c.
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(2) any radionuclides other than those In Attachments 15, 16, and 17
are detected, and the radlonucildes are the result of plant
effluents, and the potential annual doses due to the radionuclides
are greater than the calendar year limits of Controls 3.11.1.2,
3.11.2.2, and 3.11.2.3.

6. Calculation methodology

a) If the correct Initiating conditions, as described above, are present,
calculate potential annual doses for the pathway of interest in accordance
with the methodologies contained In ODCMI, or

b) If methodologies other than those listed In the ODCM are used to
calculate potential annual doses, such methodologies shall be
documented in the AREOR in accordance with Control 3.12.1.b.

7. Corrective ACTIONs

a) If a sample Is unobtainable due to sampling equipment malfunction, then
attempt to restore equipment to operable status before the end of the
next sampling period, and document in the AREOR (per Control 4.12.1,
Table 3.12-1, notation "a").

b) If the RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM is
not being conducted In accordance with Attachments 13, 14, 15, 16, or
17 document deviations in the AREOR (per Control 3.12.1.a).

c) With fresh leafy vegetable samples unavailable from one or more of the
sample locations listed on Attachment 13, establish a new monitoring
location and document applicable Information In the AREOR (per Control
3.12.1 .c).

__ _ _ _ _ __ -d -- Whea-the-analyss rslit-foanyrparameter exceds-rtACCTION Le-_
listed on Attachments 15, 16, or 17, submit a Special Report to the NRC
(per Control 3.12.1.b).

e) When radionuclldes other than those listed on Attachments 15, 16, and
17 are detected; and If those radionuclides are the result of plant
effluents; and if the potential annual doses due to the radlonudides are
greater than the calendar year linmits of Controls 3.11.1.2, 3.11.2.2, and
3.11.2.3; submit a Special Report In accordance with Control 3.12.1.b.



Offstte Dose Calculation Manual Page 209 of 325
Revision 6

LAND USE CENSUS

* 1. Introduction

a) 10 CFR 50, Appendix 1, Secton iV.B.3 requires licensees to Identify
changes In the use of UNRESTRICTED AREAS In order to permit
modifications In monitoring programs.

b) Radiological environmental controls have been established to Implement
the requirements of 10 CFR 50, Appendix i, Section IV.B.3.

c) These radiological environmental controls are described below.

2. Controls on the Land Use Census

a) Identify the location of the nearest milk animal, within a distance of 8 km
of the plant site, in each of the 9 meteorological sectors (per Control
3.12.2).

b) Identify the location of the nearest residence, within a distance of 8 km of
the plant site, in each of the 9 meteorological sectors (per Control
3.12.2).

c) Identify the location of the nearest garden, within a distance of 8 km of
the plant site, In each of the 9 meteorological sectors; or I the garden
census was not conducted, obtain samples of three different kinds of
broad leaf vegetation from the SITE BOUNDARY in two different
meteorological sectors which have the highest predicted SITE
BOUNDARY D/Q (per Control 3.12.2).

3. Surveillance Requirement(s)

__ __--e)_ Perform ulandase censusihatwillpzovde-thebestresutts.-Example--
methods may Include, but are not limited to, the following:

(1) door-to-door surveys

(2) aerial views

(3) consult local agricultural authorities

b) Document the results of the land use census in the Annual Radiological
Environmental Operating Report In accordance with Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2).

c) Perform an Independent Technical Review of the land use census data.

4. Responsible Company Organizations

a) The Chemistry Section, CCNPPI, Is responsible for ensuring the
performance of the surveillances listed above.

...
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5. Initiating conditions

a) Conduct the land use census during the growing season, and conduct the
land use census at least once per 12 months.

6. CalculatIon methodology

a) Calculate doses for the pathways of Interest In accordance with the
methodologies contained In Regulatory Guide 1.109, or

b) if methodologies other than those listed In Regulatory Guide 1.109 are
used to calculate doses, such methodologies should be documented in
the Annual Radiological Environmental Operating Report.

7. Corrective actions

a) The results of the land use census shall be used to determine the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM's
sample locations identified on Attachment 13.

b) If the land use census has Identified a location(s) that yields a calculated
dose or dose commitment greater than the values currently being
calculated In Control 4.11.2.3, perform the following actvitles..

(1) Document the new location(s) In the next Annual Radiological
Environmental Operating Report in accordance with Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2), and

(2) revise the figures and tables In the ODCM to reflect the new
location(s).

c) If the land use census has identified a location(s) that yields a calculated

greater than the equivalent location Identified on Attachment 13, perform
the following actvties.

(1) Add the new location(s) to the RAD)OLOGICAL
ENVIRONMENTAL MONITORING PROGRAM within 30 days,

(2) document the new location(s) In the next Annual Radiological
Environmental Operating Report In accordance Wth Technical
Specification 8.6.2 (Improved Technical Specification 5.6.2), and

(3) revise the figures and tables In the ODCM to reflect the new
location(s).

INTERLABORATORY COMPARISON PROGRAM

1 . Introduction

a) 10 CFR 50, Appendix I, Section IV.B.2 requires licensees to establish an
environmental surveillance and monitoring program for the purpose of
evaluating the relationship between quantities of radioactive material
released in effluents and resultant radiation doses to individuaLs.
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b) Radiological environmental controls have been established to ensure fatt
Independent checks on the precision and accuracy of the measurements
of radioactive material In environmental sample matrices are performed
as part of the quality assurance program for environmental monitoring.

c) These radiological environmental controls are described below.

2. Controls on the Interlaboratory Comparison Program

a) Analyze INTERLABORATORY COMPARISON PROGRAM samples
supplied by either the Commission or a Commission approved laboratory
for all parameters listed on Attachments 15, 16, and/or 17, as applicable'
(per Control 3.12.3).

3. Surveillance Requirement(s)

a) A summary of the results obtained as part of the Interiaboratory
Comparison Program shall be Included In the Annual Radiological
Environmental Operating Report pursuant to Technical
Specification 6.62 (Improved Technical Specification 5.6.2).

b) This section of the ODCM shall describe the Interlaboratory Comparison
Program.

4. Responsible Company Organizations

a) The CHEMISTRY SECTION, CCNPPI, Is responsible for ensuring
perroniance of the surveillances listed above.

5. Initiating conditions

a) Analyze INTERLABORATORY COMPARISON PROGRAM samples
- -- ---- whenever heyere-stipplied byefthertheaifflfra mmidsion

approved laboratory.

6. Calculation methodology

a). Analysis methods and calculational methodologies used to satisfy the
above surveillances shall be documented In approved procedures.

7. Corrective actions

a) If analyses are not performed as required, document actions taken to
prevent reoccurrence In te Annual Radiological Environmental Operating
Report (AREOR) pursuant to Technical Specification 6.6.2 (Improved
Technical Specification 5.6.2).

Since no Commission approved laboratory supplies TLDs as part of a comparison program, no
TLDs are analyzed as part of the INTERLABORATORY COMPARISON PROGRAM.
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ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

I. Introduction

a) 10 CFR 50, Appendix I, Section iV.B.2 requires licensees to provide data
on measurable levels of radiation and radioactive materials in the
environment.

b) Radiological environmental controls have been established to Implement
the requirements of 10 CFR 50, Appendix I, Sectlon IV.B.2.

c) These radiological environmental controls are described below.

2. Controls on the Annual Radiological Environmental Operating Report (AREOR)

a) The AREOR shall Include a summary description of the radiological
environmental monitoring program (REMP).

b) The AREOR shall include a summary description of the Independent
Spent Fuel Storage Installation Monitoring Program (ISFSIMP).

c) The AREOR shall Include a table similar to Attachment 13 which states
the distance and direction from the central point between the two
containment buildings to each of the REMP sample points.

d) The AREOR shall Include a table similar to Attachment 20 which states
the distance and direction from the central point of the ISFSI to each of
the ISFSIMP sample points.

e) The AREOR shall Include summaries, Interpretations, and an analysis of
trends of the results of the radiological environmental surveillance
acovitfes for the report period.

f) The AREOR shall Include a comparison between the annual REMP
results and the Radiological Environmental Operating Report
preoperational studies.

g) The AREOR shall include a comparison between the annual ISFSIMP
results and Radiological Environmental Operating Report pre-fuel-load
studies.

h) The AREOR shall include a comparison with operational controls as
appropriate.

i) The AREOR shall Include a comparison with the previous environmental
surveillance reports. .

j) The AREOR shall include an assessment of the observed impacts of
plant operation on the environment

k) The AREOR shall include an assessment of the observed Impacts of
ISFSI operation on the environment.
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I) The AREOR shall Include the results of the land use censuses required
by Control 3.12.2.

m) The AREOR shall include the results of analysis of all radiological
evironmnental samples taken during the period pursuant to the locations
specified on Attachments 13 and 20.

n) The AREOR shall include the results of all environmental radiation
measurements taken during the period pursuant to the locations speced
on Attachments 13 and 20.

o) The AREOR shall Include summarized and tabulated results-in the
format of the table In the Radiological Assessment Branch Technical
Position, Revision 1, November 1979-of analysis of all radiological
environmental samples taken during the period pursuant to the locations
specified on Attachments 13 and 20.

p) The AREOR shall Include summarized and tabulated results--in the
format of the table in the Radiological Assessment Branch Technical
Position, Revision 1, November 1979-of all environmental radiation
measurements taken during the period pursuant to the locations specified
on Attachments 13 and 20.

q) The AREOR shall Include an explanation for missing results, If some
Indhr dual results (as described in the above paragraph) are not available
for Inclusion with the report.

r) The AREOR shall include any data which was missing from previous
reports.

s) The AREOR shall Include at least two legible maps'covering all REMP
sampling locations keyed to a table giving distances and directions from
the central point between the two containment buildings.

t) The AREOR shall Include at least one legible map covering all ISFSIMP
sampling locations keyed to a table giving distances and directions from
the central point of the ISFSI.

U) The AREOR shall Include results of the licensee participation in the
INTERLABORATORY COMPARISON PROGRAM required by Control
3.12.3.

v) The AREOR shall Include a discussion of all deviations from the sampling
schedules listed on Attachments 14, 15, 16, and 17, and specify the
reason(s) for the deviations, and the plan for preventing recurrence.

w) The AREOR shall Include a discussion of all analyses In which the LLD
listed on Attachments 15, 16, and 17 (and required by Control Table
4.12-1) was not achievable.

One map shall cover stations near the SITE BOUNDARY; a second shag include the more distant
stations.
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x) The AREOR shall Include the Identification of the cause of unavailability
of samples (if any), and describe the locations used for replacement
samples.

y) The AREOR shall include any permanent changes In the sample
locations In the monitoring program.

z) The AREOR shall include revised figure(s) (e.g., like Attachments IS and
19) and tables (e.g., like Attachment 13) for the ODCM which reflect any
new REMP sample location(s).

aa) The AREOR shall Include revised figure(s) (e.g., like Attachments 21 and
22) and table(s) (e.g., like Attachment 20) for the ODCM which reflect
any new ISFSIMP sample location(s).

bb) The AREOR shall receive an independent review for technical content
prior to submittal to the NRC.

cc) The AREOR shall Identify the TLD results that represent collocated
dosimeters In relation to the NRC TLD program and the exposure period
associated with each result.

dd) Material provided In the AREOR shall be consistent with the objectives
outlined in the ODCM and 10 CFR 50, Appendix I, Section IV.3.2, IV.3.3
and IV.C.

3. Surveillance Requirement(s)

a) Write the Annual Radiological Environmental Operating Report covering
the previous calendar year's operation of the reactor units.

4. Responsible Compary Organizations

a) The Chemistry Section, CCNPPI, Is responsible for ensuring the
performance of the surveillances listed above'.

5. Initiating conditions

a) Submit the Routine AREOR (covering operation of the reactor units for
the previous calendar year) of each year In accordance with Technical
Specifications 6.6.2 (Improved Technical Specification 5.6.2).

6. Calculation methodology

a) Calculational methodologies used to satisfy the above surveillances
should be documented In approved procedures, or should be Included in
the AREOR

A separate company may be contracted to complete the Routine AREOR
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7. Corrective actions

a) If analyses are not performed as required, document actions taken to
prevent reoccurrence In the AREOR pursuant to Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2).

INDEPENDENT SPENT FUEL STORAGE INSTALLATION MONITORING PROGRAM

1. Introduction

a) The Technical Specifications for the Independent Spent Fuel Storage
Installation' (ISFSI), licensed under 10 CFR 72, require that monitoring
for the ISFSI be added to the existing environmental monitoring program
for CCNPP.

b) CCNPP has committed to additional monitoring for the ISFSIO

c) Radiological environmental controls have been established to implement
the requirements and commitments described above.

d) These radiological environmental controls are described below.

2. Controls on the ISFSI Monitoring Program

a) Environmental monitoring sites, as described In Attachment 20, shall be
established to monitor the air, vegetation, and soil as well as direct
radiation In the ISFSI environs.3

b) AnaWs parameters, analysis frequencies, detection limits, and ACTION
levels shall conform to the applicable requirements of Controls 3.12.1.
(See attachment 14, 15, 16, and 17)

c) Map(s) shall be maintained and shall show the locations of the
environmental monitoring sites with respect to plant facilities. (See
attachment 21 and 22).

3. Surveillance Requirements

a) Surveillances for direct radiation

(1) Direct radiation dosimetry shall be collected from locations
SFDR1-SFDR16, DR7, and DR30 listed In Attachment 20.

The Technical Specifications For Calvert Cliffs Independent Spent Fuel Storage Installation Is
Appendix WA to Materials License SNM-2505.

* 2 See the letter titled "mResponse to NRC's Comments to Environmental Issues Regarding BGE's
License Appication for Calvert Cliffs Independent Spent Fuel Storage Installation (ISFSI) from
Mr. R. E. Denton (BGE) to Director, Office of Nuclear Material Safety and Safeguards (NRC).
dated November 1, 1990.
Environmental monitoring sites and monitoring parameters specifically excluded from the
ISFSIMP Include airborne rediolodines, radiolodines In food products, surface water, and fish and
Invertebrates. Additionally, sot samples shall be collected In lieu of shoreline sediment The0 sampling frequency for vegetation and soil shagl be quarterly.
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(2) In the event any dosimetry at an oxisting monitoring location
SFDRI-SFDRI6, DR7, or DR30 becomes unavailable, place new
dosimetry at the monitoring station.

(3) Analyze the dosimeters at the frequencies and for the parameters
identified on Attachment 14.

b) Surveillances for airborne particulate activity

(1) Air particulate samples shall be collected from locations Al and
SFAI-SFA4 listed on Attachment 20.

(2) In the event any particulate filter becomes unavailable from an
existing monitoring location Al or SFAl-SFA4 described on
Attachment 20, place a new particulate filter in the air sampler at
the monitoring station.

(3) Analyze the samples at the frequencies and for the parameters
Identified under 'Particulate Fliters on Attachment 15.

c) Surveillances for deposition on vegetation

(1) The vegetation samples SFbl-SFb5 shall be collected from the
locations listed on Attachment 20.

(2) In the event any of the sampling sites SFI -SFb5 described on
Attachment 20 become unavailable, establish new sampling sites
as described below.

(a) In lieu of sample SFbM, collect vegetation grown In the NW
sector of the ISFSI.

(b) In lieu of sample SFb2, collect vegetation grown In the
general vicinity of the CCNPP Visitors Center.

(c) In lieu of sample SFb3, collect vegetation grown In the
North North West sector of the ISFSI.

(d) In lieu of sample SFb4. collect vegetation grown in the
South sector of the ISFSL.

(e) In lieu of sample SFb5, collect vegetation grown in the
Southeast sector of the ISFSI.

(3) Analyze the'samples quarterly for the non-iodine parameters
Identified under"Food ProductsW on Attachment 17.

d) Surveillances for soil activity

(1) The soil samples SFS1-SFS5 shall be collected from the locations
listed on Attachment 20.
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(2) In the event any of the sampling sites SFSi-SFS5 described on
Aftachment 20 become unavailable, establish new sampling sites
as described below:

(a) In lieu of sample SFS1, collect soil In the NW sector of the
ISFSI.

(b) In lieu of sample SFS2, collect soil In the general vicinity of
the CCNPP Visitor's Center.

(c) In lieu of sample SFS3, collect soil In the North North West
sector of the ISFSI.

(d) In lieu of sample SFS4, collect soil In the South sector of
the ISFSI.

(e) In lieu of sample SFS5, collect soil In the Southeast sector
of the ISFSI.

(3) Analyze the samples quarterly for the parameters identified under
Shoreline Sediment Sample on Attachment 16.

4. Responsible Company Organizations

a) The CHEMISTRY SECTION. CCNPPI, is responsible for ensuring the
performance of the surveillances listed above.

5. InItiating conditions

a) Collect samples In accordance with the frequencies specified on
Attachments 14. 16, 16, and 17. Soil and vegetation samples shall be
collected quarterly.

b) Analyze samples in accordance with the frequencies specified on
Attachments 14, 15, 16, and 17. Soil and vegetation samples shall be
analyzed quarterly.

c) Calculate the potential annual doses In accordance with the methodology
outlined elsewhere In this section If any of the following conditions are
true:

(1) any of the above survelliance results reveal levels of
environmental activity greater than the ACTION Levels specified
on Attachments 14. 15, 16, and 17, as appropriate. (per Control
Table 3.12-2), or

(2) any radionuclides other than those listed on Attachments 14, 15,
16, and 17 are detected, and the radlonuclides are the result of
plant effluents or radionuclide deposition from the ISFSI, and the
potential annual doses due to the radionudides are greater than
the limits listed In Control 3.12.1.b.
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d) The Chemistry Section, CCNPPI, Is responsible for notifying the General
Supervisor-Chemistry, CCNPP, if any of the following conditions are
true:

(1) any of the above surveillance results reveal levels of
environmental activity greater than the ACTION Levels specified
on Attachments 14, 15. 16, and 17, as appropriate (per Control
Table 3.12-2). or

(2) any radionuclides other than those In Attachments 14, 15, 16, and
17 are detected, and the radionuclides are the result of plant
effluents or radlonuclide deposition from the ISFSI, and the
potential annual doses due to the radionuclides are greater than
the limits listed In Control 3.12.1.b.

6. Calculation methodology

a) If any (of the above) surveillance results reveal levels of environmental
activity greater than the ACTION Levels specified on Attachments 14, 15,
16, or 17 (per Control Table 3.12-2), calculate potential annual doses for
the pathway of Interest, in accordance with the methodologies contained
in Regulatory Guide 1.109.

b) If methodologies other than those listed in Regulatory Guide 1.109 are
used to calculate potential annual doses, such methodologies shall be
documented in accordance with Control 3.12.1.b.

7. Corrective actions

a) If a sample is unobtainable due to sampling equipment malfunction, then
attempt to restore equipment to operable status before the end of the
next sampling period, and document In the AREOR.

b) If the ISFSIMP is not being conducted In accordance with the
"Surveillance Requirements" listed elsewhere In this section, document
deviations In the AREOR.

c) When the analysis resuft for any parameter exceeds the ACTION Level
'listed on Attachments 15, 16, or 17, as appropriate, submit a Special
Report to the NRC (per Control 3.12-1.b).

d) When radionuclides other than those listed on Attachments 15, 16, and
17 are detected, and when those radionuclides are the result of plant
effluents or radionuclide deposition from the ISFSI, submit a Special
Report if required by and In accordance with Control 3.12.1.b.
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RADIOACTIVE EFFLUENT RELEASE REPORT

INTRODUCTION

1. Technical Specification 6.6.3 (improved Technical SpecIfication 5.6.3) requires
submittal of a written report to the NRC every 12 months.

2. The report is described below.

RESPONSIBILITIES

1. The General Supervisor Chemistry Is responsible for the timely and accurate
completion of the report

REPORT CONTENTS

1. The Radioactive Effluent Release Report (RERR) covering the operation of the
unit shall be submitted every 12 months in accordance with 10 CFR 50.36a.

2. The RERR shall Include a summary of the quantities of radioactive liquid and
gaseous effluents and solid waste released from the units. The material
provided shall be consistent with the objectives outlined In the ODCM and In
conformance to I0CFR50.36a and 10CFR50, Appendix I, section IV.B.1.
Principle Gamrnma Emitters fomm Batch Waste Releases and Turbine Building
Sump shall be analyzed and Included In this report pursuant to Table Notation c
of Control Table 4.11-1, "Radioactive Liquid Waste Sarnpling and Analysis
Program." In addition, Principal Gamma Emitters from the Waste Gas Storage
Tank, Containment Purge and Vent, and the Main Vent shall be analyzed and
Included In this report pursuant to Table Notation b of Controls Table 4.11-2,
"Radioactive Gaseous Waste Sampling and Analysis Program." Additional
information which may be required in the report Is contained in Controls
3.3.3.9.b, 3.3.3.10.b and Technical Specification 6.6.3 (Improved Technical
Specification 5.6.3).

3. The RERR shall Include an annual summary of hourly meteorological data
collected over the previous year. This annual summary may be either In the form
of an hour-by-hour listing on magnetic tape of wind speed, wind direction,
atmospheric stability, and precipitation (if measured), or In the form of joint
frequency distributions of wind speed, wind direction, and atmospheric stabilitk.'
This same report shall Include an assessment of the radiation doses due t6 the
radioactive liquid and gaseous effluents released from the unit or station during
the previous calendar year. The assessment of radiation doses shall be
performed in accordance with the methodology and parameters In the OFFSITE
DOSE CALCULATION MANUAL (ODCM).

In i1eu of submission with the Radioactive Effluent Release Report, this summary of required
meteorologIcal data may be retained on site In a file that shall be provided to te NRC upon
request.
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4. The RERR shall also include an assessment of radiation doses to the likely most
exposed MEMBER OF THE PUBLIC from reactor releases and other nearby
uranium fuel cycle sources, including doses from primary effluent pathways and
direct radiation, for the previous calendar year to show conformance wMth 40
CFR Part 190, Environmental Radiation Protection Standards for Nuclear Power
Operation. Acceptable methods for calculating the dose contribution from liquid
and gaseous effluents are given in Regulatory Guide 1.109, Rev. 1, October
1977, and NUREG-0133, "Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants."

5. The RERR shall Include the following information for each class of solid waste
(as defined by 10 CFR Part 61) shipped offsite during the report period:

a. Container volume,

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

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

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

e. Solidification agent or absorbent (e.g., cement).

6. The RERR shall Include a list and description of unplanned releases from the
site to UNRESTRICTED AREAS of radioactive materials in gaseous and liquid
effluents made during the reporting period.

7. The RERR shall include any changes made during the reporting period to the
OFFSITE DOSE CALCULATION MANUAL (ODCM) and a listing of new
locations for dose calculations identified by the annual land use census pursuant
to Control 3.12.2.

8. The RERR shall include any changes made during the reporting period to the
PROCESS CONTROL PROGRAM (PCP)' The report shall contain:

a. A description of the equipment, components and processes involved.

b. Documentation of the fact that the change, including the safety analysis,
was reviewed and found acceptable by the POSRC.

REPORT SUBMITTAL

1. Prior to submittal a Independent Technical Review will be performed.

2. The RERR will be submitted every 12 months in accordance with 10 CFR 50.36a
and 50.4.

Licensee initiated changes to the PCP shall become effective upon review by the POSRC and
approval of the Plant General Manager.
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ADMINISTRATION OF THE ODCM

INTRODUCTION

1. Procedures covering the ODCM and the Implementation of the ODCM shall be
implemented.

2. Administrative controls have been established to Implement controls on the
ODCM.

3. These administrative controls are described below.

CONTROLS ON THE ODCM

1. The format, organization, content, and administration of the ODCM are
controlled by CH-1 -1 03.

2. Methodologies identified In the ODOM are Implemented by various CCNNPI
organizations In accordance with approved procedures. (See the
"RESPONSIBILITIES" section of CH-I-1 03 for a list of those Sections of
CCNNPI responsible for approving and maintaining procedures which Implement
the requirements of the ODCM.)

3. The main vent stack flow rates shall be verified in accordance with the
surveillances described In the following section, 'Survelilance Requirements.

4. Licensee Initiated changes to the ODCM:

a) Shall be documented and records of reviews performed shall be retained.
This documentation shall contain

(1) Sufficient Information to support the change(s) together with the
appropriate analyses or evaluations justifying the change(s);

(2) A determiration that the change(s) maintain the levels of 0

radioactive effluent control required by 10 CFR 20 (1 990), 10 CFR
20.1302, 40 CFR Part 190, 10 CFR 50.36a, and 10 CFR Part 50,
Appendix I, and not adversely Impact the accuracy or reliability of
effluent dose, or setpoint calculations;

b) Shall become effective upon review by the onsite review function and
approval of the plant manager, and

c) Shall be submitted to the NRC In the form of a complete, legible copy of
the entire ODOM as part of or concurrent with the Radioactive Effluent
Release Report for the period of the report In which any change In the
ODOM was made. Each change shall be Identified by markings In the
margin of the affected pages, dearly Indicating the area of the page that
was changed, and shall Indicate the date (i.e., month and year) the
change was Implemented.
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SURVEILLANCE REQUIREMENTS

1. Complete audits and PERIODIC REVIEWS of the ODCM In accordance with
CH-1-103.

2. Determine main vent stack flow rates for both units as described below.

a) The main vent stack flow rate shall be determined, in accordance with
approved procedures, at least once per 6 months (± 25%).

b) The Test and Equipment Unit shall be responsible for performing this
test.

c) The results of the main vent flow rate test shall be evaluated to ensure
the main vent flow rates used In the ODCM are an accurate reflection of
the true main vent flow rates.

d) IF the main vent stack flow rate for either unit, as determined In
accordance with approved Test and Equipment procedure(s), changes +
10% from the values referenced in Attachment 7 of the ODCM, a
technical evaluation shall be Initiated to determine If the ODCM should be
revised.

RESPONSIBLE COMPANY ORGANIZAIIONS

1. CH-1-103 identifies the responsibilities of various personnel and company
organizations which administer and implement the ODCM. This section of the
ODCM Identifies company organtzations which are assigned responsibility for
Implementing the surveillances described above.

2. The Test Equipment Unit Is responsible for ensuring the main vent stack flow
rate test procedure (e.g., TE-O01 or equivalent) is completed In accordance with
the surveillances listed above.

3. The Test Equipment Unit Is responsible for forwarding main vent stack flow rate
test results to the General Supervisor - Chemistry.

4. The RETS Program Manager, CCNPPI CHEMISTRY SECTION, Is responsible
for evaluating main vent flow rate test results (e.g., TE-001 or equivalent results)
and for performing the technical evaluation described in the above surveillances.

INITIATING CONDIONS

I. Main vent stack flow rates shall be determined at least once per 6 months (E
25%), or more often if required by Controls.

2. Complete PERIODIC REVIEWS of the OCM as specified In CH-1-103.
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CALCULATION METHODOLOGIES

1. Calculational methodologies used to satisfy the above surveillances should be
documented In approved procedures.

2. Documents which serve as a basis for calculation methodologies used In the
ODCM should be maintained In an accessible location.

(1) Supporting documents may be Incorporated Into the ODCM (e.g.; as
Attachments).

(2) Supporting documents may be maintained In a "procedure history file.

(3) Supporting documents may be Identified In the references" section of the
ODCM.

CORRECTIVE ACliONS

1. IF main vent stack flow rates, as determined In accordance with appropriate Test
Equipment procedure(s), change ± 10% from the values referenced in
Attachment 7 of the ODCM, a technical evaluation shall be initiated to determine
if the ODOM should be revised.

BASES

1. B15271, NRC Inspection Report INSR 91-30/30
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EXECUTIVE SUMMARY OF CHANGES

REV. CHANGE DESCRIPION

6 o Technical Specifications 5.5.4.e and 5.5.4.f. include provisions for
"projected doses." The ODOM did not contain nor define this terminology
so the following changes were made to the ODCM:
1.1. Page 9: PROJECTED DOSE was defined In the definition section.
1.2. Page 101: The section tiled "Limits for Liquid Radwaste Processing

System," paragraph 1.c was added to clarify use of synonyms for
the term "92-day dose."

1.3. Pages 31, 38: Surveillance requirement 4.11.1.3 and 4.11.2.4 were
revised to add the words over a 92-day period."

1.4. Page 102: The section titled "Limits for Liquid Radwaste
Processing System," paragraph 5.a, the reference to "Control
4.11.1.2" was changed to "control 4.11.1.3.w

Technical Specification 5.5.4.e specified dose calculation are perforned
once per 31 days. By contrast, the ODCM specifies dose calculations are
performed once per 80 days, so the ODOM was changed as follows:
1.5. Pages 30,31,38,37, 38, 93,95, 102, 175, 182, 183, 189, 190,

197, 198, 199: All occurrences of "S0 days" were replaced with a31
days.o

1.8. Pages 30,31,36,37,38: The word "Monthly" was deleted from
surveillance requirements 4.11.1t2, 4.11.1.3, 4.11 2.2, 4.11.2.3, and
4.11.2.4 as editorial enhancements.

Technical Specifications 5.5.4.c requires compliance to 10 CFR 20.1302.
Although the ODCM mentions 10 CFR 20.1302, a more detailed
description showing compliance with 10 CFR 20.1302 was added in the
ODMC as follows:
1.7. Page 93: The section titled "Limits on Cumulative Total Body

Doses and Cumulative Organ Doses for Liquid Effluents,"
Paragraph lb. was added to describe compliance with the limits of
10 CFR 20.1302.

1.8. Page 221: Added reference to "10 CFR 20 (1990) to the section
titled "Administration of the ODCM, Controls on the ODCM
Paragraph 4.a.2.

1.9. Page 133: Changed reference from "10 CFR 20.1302" to "IO CFR
20 In describing the 2 MPC limit In the section titled "Fixed Setpoint
for 1-RI-5415.

1.10. Page 224: Updated the Executive Summary of Changes.
1.11. Page 11: EditorIal correction for titde "Developmental References".
1.12. Pages 2, 5: Editorial correction added space between 'CCNPPs

interpretation.
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Attachment 1
Final Grading And Drainage Plan

A reference diagram which depicts the grading for and the drainage from the Calvert
Cliffs Nuclear Power Plant can be found In the following reference:

Final Grading And Draicage Pla
Calvert CiM Nuclear Power PlaUnit 1 and 2.

BGE Documet ID Numbe. 61517SHOO01
BGE Document D Numbe= 61514SHOO02

The above referenced grading and drainage plan Is Intended for reference only. This
drawing may not reflect the changes and modifications since March 1975.
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Attachment 2
Sources of Liquid Radioactive Waste

Waste Stream Radiation
Monitor

TyPe of
Reeasa .

MaL Discharge
Flow Rate

Maximum Volume

gal/min liters/min gal liters

Rx. Coolant Wst Mon. Tk.

RxL Coolant WsL Rc Tk.

Misc. Wst. Mon. Tk.

Misc. Wst. Rec. Tk.

Aux. BoMlr Steam Drum

Aux. Blowdown Tk.

Waste Neut. Tk. 11

Waste Neut. Tk. 12

Sim. Gen. Blowdown Tk.

Component Cooling Water 4

Condenser Hotwells

Salt Water System

Condensate Storage Tank

Denin. Water Storage Tank

Prewoat Sump

O-RE-2201

0-RE-2201

O-RE-2201

0-RE-2201

All releases are

Unmonitored

Unmonitored.

Unmonitored

1/2-RE-4014 14

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Batch

Batch

Batch

Batch

vla Auxiliary Blowdown Tank

Continuous 2

Batch 11

Batch 11

Continuous:
Batch1 1

Continuous varla

Batch10 4

Continuous I

Batch Varia

Batch Varla

Continuous

120

120

120

120

454

454

454

454

9=0130

9000013

400013

400013

3Ao7E513

3.407E513

1514013

1514013

0012

0001

~252

IbI85

5007

~560

0bi0

Ibls8

50

757

37901

37901

B522

variableS

170007

58670

VariableS

Variable 8

94.0

N/A

45988

47749

23503

44090w

1.05E5

NWA

3.5E59

3.5E59

103053

i

W/A

1.74E5

1.80ES

881953

I1.669E5

3.97E5

N/A

1.3E69

1.E69

390043

,,~~~~~~~~~~~~~ _
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Waste Stream Radiation
Monitor

T of
fyReiease

Aux. Building Roof Drains" 9

Sewage Treatment Plant

Turbine Bldg. Sump No. t 1

Turbine Bldg. Sump No. 12

Turbine Bldg. Sump No. 21

Turbine Bldg. Sump No. 22

Diesel Oil Interceptor Sump

Yard OR Interceptor

Refueling Water Tank

Condensate Storage Tank

Service Water System

Plant Heating System18

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonttored

1/2-RE-1595

Unmonftored

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Batch/Cont.1 7

BatchlCont 17

Continuous

Continuous

MaxD Dlschare
Flow Rate

Gal/min n liters/min

Variable Variable

185 700

470 889

470 889

470 889

470 889

100 378.5.

varlable' 5 variable15

variable 5 variabe 5S

variable 1 5 variable15

variable15 variable15

variablel5 variable15-

Maximum Volume

gel- liers

Notes

NIA

N/A

1950

2415

2490

2182

5790

NIA

42E5

3.5E518

31418

N/A

N/A

N/A

7381

9141

9425

8259

21920

N/A

1.6E6

1.3E616

. 1.189E5

N/A
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1. This flow rate is only an approximation. The motive force is gravity
2. This Is the maximum flow rate. The actual flow rate will be considerably less.
3. This is the maximum volume of the tank for a BATCH RELEASE. If the release Is a CONTINUOUS RELEASE, the volume discharged

would be calculated from the discharge flow rate and duration of the release.
4. There Is no direct path by which radioactive liquid from the CCW System could enter outfall 001. Liquld from the CCW System may leak

into either the Salt Water System (which drains to ouffall 001) or the Uquid Waste Processing System (vla.Aux. Bldg. DraIns).
5. Radioactive liquid Is not normnally released from the CCW system. Flow rate to outfall 001 may occur via Salt Water System. For this

pathway, the flow rate will vary. (e.g., depending on size of leak). See Safety Analysis No. 2, FCR 82-1053, Supplement 1.
6. System volume is 58S4 cubIc feet Conversion constant is 0.1 3368 cubic feet per gallon.
7. The flow rate shown here is the flow rate for one condensate pump. Verify the number on condensate pumps In service, and modify this

flow rate accordingly.
8. Flow rate should be calculated on a case-by-case basIs.
9. Volume obtained from 'Plant Data Book7. BGE CCNPP Units I and Z Bechtel Power Corporation, Volume 1, Job 6750.
10. May be a CONTINUOUS RELEASE If contamInated sealing steam Is operated during the release.
11. Although steam generator releases may be either CONTINUOUS RELEASEs or BATCH RELEASEs. Verify type of release to be

conducted prior to discharge.
12. This Is the maximum rated discharge for two pumps in operation.
13. The volume specified is the design basis volume from Table 11-1 oF the UFSAR.
14. The steam generator blowdown effluent radiation monitor, t/2-RE-4095, may be equivalent to the 1/2-RE-4014 (see part 5, Liquid Effluent

Radiation MontW Alarm and Fixed $etpoints,para 2)
15. Maximum discharge flow rate shall be determined on a case-by-case basis.
16. Volume obtained from 'Plant Data Bookl, BGE CCNPP Units I and 2, Bechtel Power Corporation, Volune 1, Job 6750.
17. Releases via this pathway would be considered a BATCH RELEASE if a catastrophic tank failure occurried. In the event of a small leak.

the release may be considered a CONTINUOUS RELEASE. The release mode should be tietermined on a case-by-case basis.
18. The plant heating system Is a closed system and is not normally released to the environment In the event of a leak. the effluent may be

released to the environment via the turbine building sumps. In some cases, depending on the location of the leak, the effluent would be
collected in the auxilary building sump and subsequently released through the liquid radloactve waste processing system. The effluent
pathway should be determined on a case-by-case basis.

19. Plant drawings IndIcate that these drains discharge to outfalls 003 and 004.

* -1
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Reactor Coolant Weste Miscellaneous Waste

I I ,

i
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RADIONUCLIDEs In Typical Radwaste Discharges

The term fl - a fraction which represents the relateive activity contribution of nucide I to the average total effluent
ectivity - Is used in several equations In the ODCM (e.g., equations 2G, 5G, 3k, and 4L). This attachment provides
guidance for calculating the values of fl.
1. Select the calendar quarters which contain at least one typicar liquid (or gas) release (see definition of

TYPICAL RADWASTE RELEASE).

2. For each of the calendar quarters selected above, obtain a listing of the nudides, nuclide Ectivities, and
release (end) dates.

a. This data may be obtained from the Radioactive Effluent Release Report(s) for the time periods of
Interest, or

b. This data may be obtained from a comnputer-based effluent management system (if vailable).
c. The values of nuclide activities and release end times may be close approximations of the true values.

3. Sum the quarterly activities (curies) for each Individual radionuclide.

AT = A-0 Eq.1R

4. Sum the quarterly activities for all radionuclides, i.

AT T By E.IR

* 5. Calculate the fraction of the total activity attributable to each radionuclide (i.e., the relative activity of nuclide 1).

fi A.T-AT Eq. 3R.
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Liquid Efuent Dose Factors
(mremlhr per uCIlml)

lThody ThyroldNuclide Bone LUV ISdnwy
-

B2-7

C-14

NA-24

P-32

CR-41

MN-54

MN-58

FE-55

FE-5Q

CO-si

C085

CO-c0
NI-G3

NI-M

CU-64

ZN-S5.ZN-SO
BR-82

BR-83

BR-84

BR-8s

RB-8B

RB-88

RB-83

SR-Be

SR-90

SR-Q1

SR-92

Y-9O

Y-91M

Y-91

Y-92

Y-93

ZR495

ZR-97. NB-05
NB-97

O.OOOE400 2.204E01 2.82E-01

2.700E+01 1.1004E01 .&8.OE5 01

IASOE+04 2.900E.03 2.OOE+03

4.570E-01 4.570E-01 4.5702-01

4.8902E40 Z910E+05 1.810E+05

O.OOOE+00 .000E200 &.5E000

O.OOOE00 T.O$0E+03 1.350E203

O.0E+00 1.7802402 &150E001

5.1IOE04 &53OE.04 8.230E403

8.060E4O4 1.900E+05 7.270E+04

0.000E00 1A4202E02 2360E402

0.000E+00 6.0302+02 1.350E403

O.OOOE200 1.730E+03 3.820E+03

4.960E204 3.440E+03 1.670E+03

2.020E202 2.620E+01 1.200E+01

O.OOOE+00 2.140E402 1.01E+02

1.610E+05 5.130E+05 2.320E+05

3.430E+02 .56OE+02 4.560E+01

0.000E+00 O.OOOE+00 4.070E+00

0.000E+00 0.0000E+ 7250E-02

0.0000E+0 O.OOOE+OO 9.390E-02

D.00OE+00 0.000E+00 3.860E-03

O.OO0E+00 6.240OF02 2.910E402

O.OOE+00 1.790£+00 9A9E-01

0.000Q+OO 1.1900.00 &340E-01

4.990E+03 O.OOOE+02 1.430E+02

1 .230E+05 0.000E+O 3.010E+04

9.180E+01 0.000E+00 3.710E+00

3.480E+01 .OOO+00 1.510E+00

8.002E+00 O.OOOE+00 1.830E-01

5.7302E02 O.OOO+0 2.22E-03

8.880E+01 O.OOOE+000 2370E+00

5.320E-01 O.OOOE+00 1.580E-02

1.690EO00 O.OOE+00 4.660-02

1.5904+01 5.110E+00 3A60E+00

9810E-01 1.780E-01 8.130E-02

4.470E+02 2.490E+02 1.340E+02

3.760E.00 9.490-01 3.460E-01

2.820E41

1.300E+00

2.900E+03

4.570E-01

D.000E+00

3.340E+00

0.WOE+00

O.OOOE00

Q.OOOE+00

0.OOOE+00

O.OOOE400

O.OOE+OO

O.OOOE+00

0.000+00

O.OOOE+00

0.000E+00

O.ODOE+O0

Q.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE400

O.OOE400

0.000E+00

O.O00E+00

o.0ooE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOE+00

O.OOOE+00

0.000E400

2-8202E01

1.000E+01

2.900E+03

4.500E-01

0.OOOE+00

1.230E.00

2.10GE+03

2.260E402

O.OOOE+00

O.OOE+00

0.0000E+0

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

5.400E+02

3.430E+05

4.2601+02

0.000+00

0.OOOE+00

O.OOOE+00

O.0OE+00

.000400

O.O2E+00

O.OOOE+00

O.oooE+00

OO00E+00

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE400

Lung

2.820E-01

.102E+00

2.900E+03

4.5702E01

0.000E+00

7.400E+00

0.000E+00

O.000E+00

1.970E+04

6.300E204

O.OOOE+00

O.OOOE+00

0.000E+00

O.OOE+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOOE+00

O.OOOE+04

O.OOOE00

O.OOOE+00

O.0WE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOE00

O.OOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.OOE+00

ftaot

2.820E-01

2.700E+02

2Q900E+03

4.570E201

5.2702408

1.400E+03

2.160E204

5.670E+03

2.030E204

&.320E+05

3.590E+03

1.220E+04

32504E04

7.180E+02

8.65=E02

1.830E+04

3.230E+05

9.850E+01

4.670E+00

1.040E-01

7.370E-07

O.0OE+00

1.230E+02

0.000E+00

O.OOE+00

OOOE+02

3.55OE+03

4.370E+02

8.900E02

6.420E+04

1.680E-01

4.890E+04

9.320E+03

5.350EG04

1.620E+04

5.510E+04

1.510E2O0

3.500E+03'

-

O.OOOE+000 0.WOE+00

0.OOOE+00 0.0000E+0

0.000E00 0.0000E+0

8020E+00 O.OODE+00

2.6802E01 0.OOOE+00

2.460E+02 O.OOOE+0 O

1.110 00E+ O.OOOEO
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Uquid Effluent Dose FaCtors
(mrrernhr per uCVml)

Nucnde, Bone Llver Thody Thyroid Kidney Lung attract

MO-99

TC-99M

TC-101

RU-103

RU-105

RU-106

RH-103M

RH-106

CD-109

AG-110M

SN-I 13

S8-122

SB-124

S-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

TE-131

TE-132

-1 30

1-131

1-132

1-133

1-134

1-135

CS-134

CS-136

CS-137

CS-138

BA-139

BA-140

BA-141

O.OOOE+00

1.300E-02

1.330E-02

1.070E+02

&8902E00

I.590E+03

O.OOOE+00

0.00E+00

2.100E205

1.560E+03

6700E+03

5.300£+01

2.770E202

1.770E+02

2.170E+02

5.80E+02

8.900E+00

0.310E+02

2540E+00

i.400E+02

1.590E+00

2040E+02

3.960E+01

2.180E+02

1.060E+01

7A502.01

5.560E+00

1320E+01

6.840E+03

7.160E+02

8.7702+03

6.070E+00

7.BOE.00

1.640E+03

3.61OE400

1.280E+02

3.660E-02

1.920-E02

O.OWOE+OO

O.OOOE+00

O.OOE+00

0.0002+00

O.OOOE+00

4.000E+06

1.450E+03

1.200E+03

5.520E+01

5.230E+00

1.9802+00

7.860E+01

19.60E+02

3.200E200

3.470E+02

9.5OE501

6.850E+01

6.660E-01

1.320E202

1.170S+02

3.120E+02

2.E502+01

1.300E+02

1510OE+01

6.080E+01

1.630E+04

2.3OE+03

1200E+04

1.200E+01

5.590E-03

2.0600E+0

2.880E-03

2430E+01

4.660E-01

1.880E-01

4.600.E01

3.510E+00

2.010E+02

O.OOOE+00

QW.0OE200

1.600E+06

8.600E+02

21lOOE+04

6.690E+02

1.100E+02

4.210E+01

291 0E401

6.680E+01

1.930E+00

IA70E+02

6.100-01

5.710E+01

5.030E-01

1.240E+02

4.610E+01

1.790E+02

.950E+00

3.950E+01

5AW0E+00

2.240E+01

1.330E+04

2.040E+03

7.850E+03

5.940E+00

2.300E-01

1.080E+02

1.290E0M

0.OOOE+00 2.890E+02 O.OW0E+00 2.060E+02

O.OOOE+000 .560E-01 1.790E-02 2.170E+01

0.0002+00 3.460E-01 9.810E-03 O.OO0E+00

000OE+00 4.070E202 O.OOO+00 1.250E+04

O.OOOE+00 1.150E+02 O.COOE+00 5.440E+03.

O.OoOE+00 3.060E+03 0.000E+00 1.030E+05

O.OOOE+00 O.OOOE+000 0OOOE+00 O.0OoE+00

O.OOE+00 O.OO0E+200 .OOOE400 0.0000E+0

1.500E+05 2.200E+07 1.800E+05 2.600E+06

O.OOOE+00 2.8502.03 O.OOOE+00 5.910E+05

6.200E+02 1.00E+03 7.3002302 2.2002405

8780E+00 2.610E+01 1.140E+01 6.5E+03

6.710EOt 0.000E+00 2.150E402 7.860E+03

1.800-01 O.OOE+00 1.360E+02 1.950E+03

6.520E+01 8.820E+02 O.OOOE+00 8.660E+02

1AOOE+02 2.230E+03 O.OOOE+00 1.840E203

6.600E+00 3.630E+01 O.OOE+00 7.030E+02

3.200E+02 3.890E+03 O.OOOE+O0 4.690E203

1.9502E00 1.070E+01 O.00OE40 1.0+00

1.080E+02 6.9402+02 0.0000E+0 6.800E+03

1.310E+00 6.5902+00 O.OOOE+O 2.260E-01

1A8W02 1270E+03 0.000E+00 6.240E+03

S.S10E+03 1.820E+02 O.O0E+00 1.010E+02

1.0202+05 5.3502+02 0.0002E00 8.230E+01

9.024E+02 4.540E+01 O.OOOE+00 6.350E200

1.SOOE+04 2.260E+02 0.000E+00 1.160E+02

2.620E+02 2.400E+01 O.O0E+00 1.320E-02

4.010E+03 9.750E+01 O.OOOE+00 6.870E+01

0.000E+00 5270E+03 1.750E+03 2850E+02

O.OOOE+00 1.570E+03 2.160E+02 3.210E+02

O.OOOE200 4.070E+03 1.350E+03 2.320E+02

O.O00E+00 8.810E+00 8.700E-01 5.120E.05

0.02E+00 5.0E-03 3.170E-03 1.390E+01

O.O0E+00 7.020E-01 1.180E+00 3.380E+03

O.OOOE+00 2.680E603 1.630E-03 1.800E-09

.
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Nuailde Bone Liver Thody Thyroid Kidney Lung Glbnact

BA-142 1.720E+00 1.770E-03 1.080E-01 O.OOOE400 1.00-E03 1.000E-03 O.OOOE400

LA-140 1.570E+00 7.940E-01 2.100E-01 O.O0E+00 O.OOE00 O.02E+00 5.A30E+04

CE-139 1.OOOE+02 4.800E401 3.700E+02 6.200E-01 3.400E+01 4800E400 3.200E+03

LA-142 8.060-02 3.670E-02 9.130E-03 O.OOOE+00 O.OOOE+00 O.OOOE+00 2.60E+02

CE-141 3.430E+00 2.320E+00 2.630E-01 O.OOOE+OO 1.080E400 O.O0OE+40 8.860E40

CE-143 6.040E-01 4A60E+02 4.940E-02 O.OOOE00 1.970E-01 0.000Et00 1.670E+04

CE-144 1.790E+02 7A70E+01 9.590E+00 0.000E+00 4.30E+01 O.OOOE400 6.040E+04

PR-143 5.790E+00 2.320E500 2.870E-01 Q.OOOE+OO 1.340E+00 0.00OE400 2.540E+04

PR-144 19SOE-02 7.870-3 9.640E-04 0.0WE+O 4A40E03 O.OOOE+00 2.730E-09

ND-147 3.960E+00 4.5802.00 2.740E-01 0.000.E0 2.680E+OO 0.000E+00 2.200E+04

EU-154 3.8705E02 4.780E401 3.3902+01 O.OOOE 4 2.280E+02 O.OOOE+00 3.450+04

EU-155 5.420E+01 7.68E+00 4.960E+00 O.OOOE400 3550E+01 O.OOOE400 6.0502E03

W-187 9.160E400 7.8602400 2.680E+00 O.OOOE 0 0.0002E+00 .OOO+00 2.6102+0

NP-239 3.530E-02 3.70E-03 1.910E-03 O.OOE+00 1.080.E02 0.000E+00 7.110E+02
G-4203 1400E+05 O.OOOE400 1.6DOE+05 0.000.E00 1.600E+06 1.000E+05 3.200E+05
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General information Related to Gaseous Releasps via Om Main Vents

Radiation Type of Nominal Discharge Ma
Monitor release Flow Rate

awmum Disdcarge
Flow Rate

Note

mt i sac SCFM mr/sec SCFM

Waste Gas System (WGDT)

Cntmt. Vent (via H2 Purge)

Unit I Cntmt. Purge (100%)

Unit 2 Cntmt. Purge (100%)

Unit I Main Vent Release

Unit 2 Main Vent Release

0-RE-21911

1/2-RE-54152

1-RE-541 54

2-RE-5415

1-1RE-54154

2-RE-5416

Batch

Batlh'
Continuous5

Continuous

Continuous

NI/A

2.36E-2

N/A

N/A

5I.2p

45.7

N/A

50

NIA

N/A

119339

987451

2.36E-2

2.93E-1
22.,e

20.9'

62.0'°

60.2

50

620

47,3870

44,320 a

1312731
tO

108420

II Si the WGDT a relead t the pant vent stack, t1 5 and 112-E-6416 may also be used to irelaesfrom aWGr.
2 The WRGM. 1/2-RE-5416. may also monilor tee rlases

A contabnet vent Is onsidered abaclf release (even tough kneakage of radiactive gaes Into the containent amosPhere may occur durg the tnme the vent Is In
prwogress)

4 The WRGM. 1RE-5416, nay also mnitor these release.
5 A purg Is considered to be a CONTINUOUS RELEASE due to potentl Introduction of radioadive gases to the conlainment abtoshwe during contaiment maintenan

acovies.
* This Is te purge flow rate as deteminted by approved ts procedure (LeL, TE4006) In Apdi 19&
7 The WRGM. 2RE-5410. may alo monitar Uhese reases.
* nXThisa the purge flow rate as delanhied by approved test pocedure .e. TE-000) In Mardc 2001.

This Is the mean man vent stack flow rate as detnmined by approved ts procedure (Le.. TE-001 from 811990-/1996 for Unit I and
TE-G01 from 8/190-32000 for Unit 2).

10 This Is the naximum vent stack flow rate which Is squal to 110% of the Norinal Discharge Flow rate.

J¶I
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Waste Streams Radiation Monitor Type of Release Nominal Discharge

Flow Rate

Notes

Aux. Boller Deaerator

Stm. Gen. Atm. Stm. Dumps

Plant Nltrogen System

Turbine Bldg. Vent. Exh3

Emergency Air Lock

Plant Compressed Air

Main Steam Line Penetrations

Steam Driven Auxilary Feed Pumps

Containment Equipment Hatch

Unmonltored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

Unmonitored

See Footnote'

See Footnotel

See Footnote1

See Footnote1

See Footnote1

See Footnote'

See Footnote'

See Footnote1

See Footnotel

See Foo-o;te 4

See Footnote2

See Footnote2

See Footnote2

See Footnote2

See Footnote2

See Footnote2

See Footnote2

See Footnote2

1 Since radioactive gaseous waste is not normally vented via this pathway, the determination of release type (i.e.. continuous or batch) will
be evaluated on a case-by-case basis.

2 Since radioactive gaseous waste is not normally vented via this pathway, the determination of discharge flow rate will be evaluated on a
case-by-ecase basis.

3 Includes sources such as Gland Seat Exhaust.
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Block Diagram of Gaseous Radioactive Waste Systems
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Noble Gas Dose Factors

Nudide GAMMA BODY DOSE

(mremfyr)/(lJCim3)
Ar-41 B.84E+03
Kr-85 1.61E+01

Kr-85m 1.17E+03
Kr-87 5.92E+03
Kr"8 1.47E+04

Xe-131m 0.15E+01
X0-133 2.94E+02

Xe-133m 2.51E+02
Xe-135 1.81E+03

Xe-135m 3.12E+03
Xe-138 8.83E+03

BETA SKIN DOSE
Li

(mremlyry(pCilm3)
2.69E+03
1.34E+03
1.46E+03
9.73E+03
2.37E+03
4.76E+02
3.06E+D2
9.94E+02
1.86E+03
7.1 1 E+02
4.13E+03

GAMMA AIR DOSE
Ml

(mrad/yry(pC UmS)
9.30E+03
1.72E+01
1.23E+03
6.17E403
1.52E+04
1.56E+02
3.53E+02
3.27E+02
1.92E+03
3.36E+03
921E+03

BETA AIR DOSE
Nj

I(rnrad/~yr)(jCItm3)
3.28E+03
1.95E+03
1.97E+03
I1.03E+04
2.93E+03
1.1I E.03
i .05E.+03
1.48E403
2.46E+03
7.39E+02
4.75E-.03

0
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Empirical Derivation Of Site-Specific Dose Factors

The total body dose, the skin dose, and the air doses-resulting from gamma and beta emitting
radlonuctides In discharges of gaseous radwaste-are nonnally calculated using nucilde specific dose
factors. However, these same doses may be estimated using empirically derived, site specific, dose
factors as shown below.

TOTAL-BODY, GAMMA-DOSE FACTOR
A site-specific, total-body, gamma-dose factor has been derived from historical data In accordance with
the following equation.

Kay ff a (Y)(11) Eq.iF

Ki = the empirically derived, site-specific, total-body, gamma-dose factor due to all noble
gases released during a specified time period

Values of Kay have been calculated using gaseous radwaste.discharge data
collected over several years.

The results of the calculations appear in the Table on page 5 of this attachment

= the total body dose factor due to gamma emissions for each Identified noble gas
radionucflde, I (mremlyr per mlcrocurle/cubIc meter)

The total-body dose factors for gamma rays from noble gas radionuctides were
obtained from Regulatory Guide 1.109, Appendbi B, Table B-1.

The total-body dose factors for various noble gas radlonudiades are tabulated In
Attachment 10.

* = a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years
1986, 1987, and 1988 In accordance with equation 3R on Attachment 5.
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Empirical Derivation of Site-Specific Dose Factors

SKIN, BETA-DOSE FACTOR
A site-specific, skin, beta-dose factor has been derived from historical data In accordance with the
following equation.

= Z (Lg)(f) Eq.2F

L.,sg = the empirically derived, site-specific, skin, beta-dose factor due to all noble gases
released during a specified time period

Values of L.-, have been calculated using gaseous radwaste discharge data
collected over several years.

The results of the calculations appear In the Table on page 5 of this attachment.

= the skin dose factor due to beta emissions for each Identified noble gas radionudide,
i (mrem/yr per microcurie/cubic meter)

The beta skin dose factors have been obtained from Regulatory Guide 1.109,
Appendix B, Table B-1.

The beta skin dose factors for varlous noble gas radionuclides are tabulated In
Attachment 10.

fi = a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years
1986, 1987, and 1988 In accordance with equation 3R on Attachment 5.
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Empirical Derivation of Site-pecific Dose Factors

GAMMA-AIR-DOSE FACTOR
A site-specific, gamma-air-dose factor has been derived from historical data In accordance with the
following equation.

I man = Z(Ml) (11 ) Eq. 3F

M,,9, the empirically derived, site-specific, gamma-air-dose factor due to all noble gases
released during a specified time period

Values of May have been calculated using gaseous radwaste discharge data
collected over several years.

The results of the calculations appear in the Table on page 5 of this attachment.

Ml = the air dose factor due to gamma emissions for each Identified noble gas
radionucide, I (mradtyr per mlcrocunielcubic meter)

The gamma air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B, Table B-1.

The gamma air dose factors for various noble gas radionudides are tabulated In
Attachment 10.

fag = a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years
1986, 1987, and 1988 In accordance with equation 3R on Attachment 5.
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Empirical Derivation of 8ite-Specific Dose Factors

BETA-AIR-DOSE FACTOR
A site-specific, beta-air-dose factor has been derived from historical data In accordance with the following
equation.

I Nn =C ~(N1 )(f 1 ) Eq. 4F 1

Nag = the empirically derived, site-specific, beta-air-dose factor due to all noble gases
released during a specified time period

Values of N. have been calculated using gaseous radwaste discharge data
collected over several years.

The results of the calculations appear in the Table on page 6 of this attachment.

N, = the air dose factor.due to beta emissions for each Identified noble gas radlionucilde, I
(mrad/yr per mlcrocurielcubic meter)

The beta air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B. Table B-I.

The beta air dose factors for various noble gas radlonuclides are tabulated In
Attachment 10 (Attachment I of old ODCM).

= a fraction which represents the relative activity contribution of noble gas radionuclide
I to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unltless)

ThIs value has been calculated for all gaseous radwaste discharges for the years
1986, 1987, and 1988 In accordance with equation 3R on Attachment 5.
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Empirical Derivation of Site-Speciflc Dose Factors

SITE-SPECIFIC, AVERAGE DOSE FACTORS

Year .Kavq L3 Mavg Nayg
1986 330 790 390 1100

1987 340 810 400 1100

1988 390 980 450 1200

Average 350 850 410 1100

Maximum % difference 11% 13% 10% 90,6

As can be seen from the abdve table, the percent diference between the yearly dose factors and the 3-
year average dose factors range from 9% to 13%. This variability Is minor considering other areas of
uncertainty Inherent In the environmental dose calculation models.

It should be noted that the empirically-derived, site-specific, average dose factors listed In the above table
shall only rarely be used. In those rare instances where empIrIcally-derived, site-specific, average dose
factors are used, the results shal be carefully evaluated by qualified members of the facility staff to ensure

* the estimated doses are only a small fraction of the Control limits. Additionally, the doses shall be
recalculated using the RIGOROUS METHODS prior to submitting the Radioactive Effluent Release
ReporL
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS

ADULT
(m2*mremlyr per uCVsec)

Nuclide

H-S

C144
NA-24

P.32

CR-5I

MI4-54

W-56

FE-55

FE-5Q

C0457

CO-5B

cO.60

N1463

NI.65

CU-64

ZN-85

ZN-69

BR-82

BR-83

BR-84

* BR-85

RB-88

RB-88

RB-SO

SR-8Q

* SR-90

SR-91

8R-92

y-90

Y40im

Y-91

Y-92

Y-93

Bone

O.0OE+00

3.330E+05

1.840E-03

4.650E+09

0.0002E+0

0.000E00

O.OOOE+00

2.930E+0

Z.670E208

0.0002+00

O.OOOE+00

0.000E+00

1.890E+10

O.ODOE+00

0.0000E+O

3.560E+08

0.0002+00

0.0002+00

0.000E+00

0.000E+00

O.0OE+00

O.OOOE+00

0.000E+00

O.OOOE+00

3.01GE+08

1.240E+10

0.000W+00

0.000E+00

1.0704E02

0.0002E00

1.130E+06

O.0oo0e00

0.000E0D0

Lher

325E+02

6.6S0E+04

1.840E-03

2.890E408

O.OOOE+00

9.1502E06

0.0002E00

2.020E+08

6.270E+08

5.640E+06

1.830E+07

7.5202E07

1.310E+09

0.000E+00

2.950.E07

1.130E+09

0.000E+00

O.OOOE+00

0.000E.00

0.000E+00

0.0000E+0

4.870E+08

O.OOOE+00

O.OOOE00

0.OOOE+00

0.000E 00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.0000E+D

0.000E+00

0.000E+00

Tbody

3.250E202

6.660GE04

1.840.E03

1.8002+08

7.070E+03

1.750E+D6

0.000E400

4.720E207

Z400E+08

9.370E+06

4.100E+07

1.660E+08

6.330E+08

O.OOOE+00

1.390E107

5.120E+08

O.OOOE200

0.OOOE+00

0.000E+00

.OOOE+000

0.000E+00

2.270E+08

O.OOE+00

0.0000E+0

8.650E+06

3.050E409

0.0002+00

0.000E400

2.860E+00

0.000E+00

3.030+04

O.OOOE+00

O.OOOE+00

Thyroid

3.250E+02

6.660E+04

1.540E-03

O.OOOE+00

4.220E+03

0.0002+00

0.0002400

O.OOOE400

O.OOOE+00

0.OOOE+00

0O00OE+OO

O.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E00

0.000E+00

0.000E+4

0.000E+00

O.OOOE+00

0.0002+00

O.OOOE+00

0.000+00

0.000E+00

0.0002+00

Q.OOOE+00

0.000E+00

0.000E+00

Kidney

3.250E+02

6.660E+04

1.84DE-03

O.OOOE+00

1.G60E+03

2.720E+06

O.OOOE+00

O OOOE+OO
0.00012400

0.000E+00

0.0000E+0

O.OOOE+00

0.000E+00

O.OOOE+00

7,450E-07

7.570E+08

0.000E+00

0.000E+00

0.0002+00

0.000E+00

0.000E+00

0.0002+00

0.000E+00

O.OOOE+00

O.OOE+00

0.000E00

0.OOOE+0O

0.000E+0

0.0002+00

O.OOOE+00

O.OOOE+00

0.000E+00

0.000+00

Lung

3250E+02

6.660E+04

1.840E-03

0.000E+00

9.380E+03

0.000E+00

0.0002+00

1.130E+08

1.750.E08

O.00OE+00

0.000E+00

O0OE+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

tOOOOE+00

0.000E00

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.0000E+0

O.OOOE+00

0.000E+00

O.OOOE+00

0.OOOE+O0

O.OOOE+00

0.0000E+O

0.000E+00

O.OOOE+00

0.0002+00

Gitract

3.250E+02

6.660E+04

1.840E-03

5230E+08

1.780E+06

2.800EF07

0.0002400

1.160E+08

2.090E409

1.430E408

3.700E+08

1A10E+09

2.730E+08

O.OOOE 00

2.520E-05

7.130E+08

0.000E+00

0.000E+00

0.000E+00

O.OOOE+OO

O.OE+O0

9.600E407

O.OOE+00

0.000E+00

4.840E+07

3590E+08

1.3802-09

0.OOOE+00

1.130E208

0.000E+00

6.240P408

0.000E+00

2.080E-07
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GRASS-COW-MEAT DOSE FACTORS

ADULT
(m2*mremlyr per uClsec)

Nucild Bone Liver Thody Thyroid Kidney WIVng Gltrac*
ZR-W9 1.830E00 6.0405+05 4.090+05 0.000E+00 9A.4802G5 0.000O(0 1.910E*09
ZR-97 1.830E-05 3.690E-05 1.89080 0.000+500 5.5802-08 0.000E400 1.140E+00
NB-95 2.290E+08 1.280E+08 8.860E+05 0.0002+00 1.280E*08 0.000E+50 7.750E509
N8-97 0.000E+00 O.OOOE+00 0.000E+W 0.0005400 0.000F..0 0.00+00 0.000oE00
MO-99 0.000E+00 1.090E+05 2.070E+04 O.OOOE00 2.4802+05 0.0005.00 2.520E+05

TC-99SM O.OOE+00 0.000E+00 O.OE+00 0.000E200 O.O.fOO00 0.0002+00 O.OODE+00
TC.101 0.000E+00 O.00C£+00 0.000E+00 0.0002+00 O.OOOE+00 0.0000E+0 O.OOOE400
RU-lO3 1.080E+08 0.000E+00 4.550E+07 0.ooo0+00 4.0305408 O.OOOE+00 1.2302+10
RU-10S 0.000E+00 0.0000E+0 O.OOOE+00 O.0E+00 0.000E+C00 O.OOOE+00 0.000ED00
RU-108 2.800E+09 0.0000E+0 3.540E+08 0.000E400 5.400E+09 O.OOE400 1.8t1E+11

RH-103M 0.000E+00 0.000E+00 O.OOOE+00 0.000E+00 0.0000E+0 O.OOOE+5 0.000E+00
RH-108 0.0002E+00 .OOOE+00 0.000+00 0.000E+00 O.OOOE+00 0.0005E+00 OOOOE400

*AGIUM 6.690E408 8.196E+05 3.670E+06 0.000E+00 1220-5+07 0.0005E00 2.520E509
SB-122 .580E+03 5.820E+03 7.050E+04 9.250+402 2.7502+03 1.200E+03 6.930E405
SE6124 1.980E+09 3.740E+07 7.850E208 4.800E+08 .OOOE+00 1.54WE+09 5.8202+10
S3-125 1.910E+09 130XE+07 4.540E+08 1.9402+08 0.00020+0 1A70E+09 2L100E+10

TE-125M 3.590WE+08 1.300E+08 4.810E+07 1.08DE+05 1A60E+09 0.000E+00 1.430E+09
TE-127M 1.120Et09 3.990E+08 1.350E408 2850E+08 4.530E+09 O.OOE+00 3.740E+09
TE-127 0.000E+00 O.OOOE+00 0.0000E+0 O.OOOE+00 1.090E-09 0.0002E+.00 100E-08

TE-129M 1.140E+09 4.270E+08 1.810E+08 3.930E+08 4.770E+09 0.00E+00 5.7805409
TE-129 0.0002+00 O.OOE+00 0.000E+00 O.OOE+000 0.000E+00 O.OOOE+00 0OOOE+00

TE-131M 4.510E+40 2.210E+02 1.840E+02 8.500E+02 2.240E+03 0.000E+00 2.190E+04
TE-31 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0005+00 O.OOOE500
TE-132 1A00E+08 9.070E+05 8.510E+05 1.0008E+ .&702+06 0.000E+0 4.'290507

1130 380-05 6.9E-08 2740E-03 5.8805-04 1.080E-05 0.000E+00 5.980-05
1-131 1.080=+07 1.40E+07 8.830E+08 5.050E+509 840E+07 0.0000E+0 4.070E+08
1-132 O.O0E+00 0.000E+00 0.0004E00 O.OOOE+00 0.000E+00 0.0002+00 0.000E+00
1-133 4.300E-01 7A70E-01 2.280-01 1.100E502 1.300E+00 O.0OE+00 6.720E-01
1-134 0.0005+00 0.0002+00 0.000OE00 0.005E+00 O.OOOE+00 0.000E+00 0.OOOE+O0
1-135 0.0005+00 0.000E+00 0.000E+00 0.0005E00 0.0004+00 0.00050 .OOOE+0 00

CS-I34 8.5702Oi 1.5605+09 1.280E+09 0.0005E00 500E+08 1.65E+08 2.740E+07
CS-138 1.180E+07 4.570E+07 3.3604E07 0.0005E+00 600E+07 3.550E08 .3005+08
CS.137 8.720E+08 1.1902+09 7.810E+08 O.OOOE+00 4.050E+08 1.3504+08 ME3107
03.138 0.0002+00 0.000E+00 0.000S+00 0.000.00 0.00020 O.OOOE+000200 O.00E000
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GRASS-COW-MEAT DOSE FACTORS

-ADULT
(m2*mremlyr per uCVsec)

Nuclide Bone Liver Thody Thyroid Kidney Lung Ghtract
EIA-139 O.OOOE+00 0.000E+00 O.OOOE+00 0.000E+00 O.OOOE+00 0.OOOE+00 O.OOOE+00
BA-140 2.880E207 3.9tOE+04 1.090E+06 0.000E+00 1230E+04 2.070E404 5920E+07
BA4141 0.000E+00 0.0002E00 0.000E+00 0.000E+00 0.000E+00 0.000E100 O.COOE+00
BA-142 0.0002E00 O.000E+O0 0.000E+00 O.OOOE+00 0.000E+00 O.OOOE+00 O.0OE+00
LA-140 3.600E-02 1.81OE-02 4.790E403 0.000E00 0.00E+00 0.0000E+0 1.330E+03
LA-142 0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 O.OOOE+00 O.OOE+00 0.000E+00
CE-141 1.400E+04 9.480E+03 1.080E+03 0.OOOE+OO 4.400E+03 0.000E+00 3.620E+07
CE-143 2.090E-02 .MOE+01 1.710E-03 0.000E+00 6.00E-03 O.OOOE+00 5.780E+02
CE-144 1.460E+06 6.090E+05 7.830E+04 0.000E+00 3.610E+05 0.0000E+O 4.930E+08
PR-143 2.130E+04 8.540E+03 1.060E+03 0.002E+00 4.930E+03 0.OOOE+00 0.330E+07
PR-144 O.OOOE+00 0.000E+00 0.000E+00 O.OOOE+00 O.OOOE+00 0.000E+00 0.000E+00
NDO147 7.080E+03 8.180P403 4.900E402 0.0000E+0 4.780E+03 0.0000E+0 3.930E+07
E1U-154 8.030E+06 0.870E+08 7.020E+05 0.000E+O0 4.720E+06 O.OOOE+00 7.150E+08
EV-155 1.110E206 1.88OE+05 1.020E205 0.0000E+0 7.300E+05 0.000E+00 1.240E+08. W-187 2O16E-02 1.810E-02 6.320E203 0.0002E00 0.000E+00 0.OOE200 5.920E400

-NP239 2.560E-01 2.510E-2 1.390E-02 0.000E+00 7.840EO02 0.000E+00 5.150E+03
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GRASS-COW-MEAT DOSE FACTORS

TEEN
(m2*mrernyr per uC/sec)

Nucilde Bono Liver Tbody Thyroid Kidney Lung Gitract

H-3
C-14
NA-24

P-32

CR-5i

MN-% 4

MN568

F2-55

FE-69

CO-ST

00-55
co-so

Ni-43

N1465

cuI-M
ZN-65
ZN-62

BR-82

BR-83

BR-44

BR-N S

RD-88

RB45

RB.89
SR-89

SR-90

SR-91

SR-92

v-go

Y-91 M

Y-91

Y-92

Y-93

O.O0E000

2.810E+05

1.470E-03

3.930E+09

A0.0E+00

0.000+O0

O.OOOE+00

2380E+08

2.130E+08

O.OOOE+00

0.000E+00

0.000E+00

1.520E+10

0.000E+00

O.OOOE+00

2.500E+08

0.002E+00

O.OOOE+OO

0.OOOE+00

0.000E+00

O.OOOE40

0.OWOE+OO

0.000E+00

0.000E+00

2.540E+08

&8050EI0

O.OOOE+0O

O.OOOE+00

8.980E+01

0.000E+00

9.560E+05

0.000E+00

O.OOCE+00

1.940E+02

5.8202+04

1.470E-03

2.440E+08

0.0002+00

8.SBOE+08

O.OoOE+00

1.690E+08

4.9BOE+08

4.530E+00

1.410E+07

5.830E+07

1.070E+09

0.0002E00

2.410E-07

8.690E+08

O.OOOE+00

0.0000E+0

O.OOOE+00

O.OOOE+00

0.000E+00

4.080E+08

O.OOOE+00

0.000+00

O.O0OE+W0

O.OOOE+OO

0.0000E+0

0.0000E+0

0.000E+00

O.OOOE+00

0.000E+00

0.000E400

0.0002+00

1.940E+02

s.e2DE+04

1A70E203

1.520E+08

.SASE+03

1.380E+08

0.OOOE+00

. o30E+07

1.920E+08

7.590E+08

32sOE+07

1310E+08

5.150E+08

O.OOOE+00

1.130-07

4.050E+08

0.WOE+00

O.OOOE+00

0.0000E+0

O.OOOE+00

0.000E+00

1.910E+08

O.OOOE00

0.0000E+0

7.290E408

1.990E+09

0.0002+00

0.000E+00

2.420E+00

0.000E+O

2-580E+04

0.000E+00

0.000E+00

t:940E+02

5.520E+04

1.470E 03

0.000E+00

3.140E+03

O.OOOE+00

0.OOOE+00

O OOOE+OO
O.OOOE+00
0.00024+00

O.OOOE+00
0.0002400

0.0000E+0

O.OOOE+00

O.OOOE+00

0.000E+00

0.0000E+0
0.0002400

O.OOOE+00
0.000E400
O.OOOE+00

O.O0E+00

O.OOOE+00

O.OOOE+00

0.000E+00

O.0OOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.000+4000.00024+00

O.OOOE+00
0.0O0E400

1.940E+02

5.620E+04

1.470E-03

0.000E+00

1.240E+03

2.0S02+06

0.0000E+0

0.000E+00

O.OOOE+00

0.00E+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOOE+00

8.100E-07

5.58E0+08

0.0002E00

O.OOOE+00

0.0000E+0

0.000E+00

0.000E+00

0.0000E+0

O.OoE+00

0.0002+40

O.OOOE+00

O.OOOE+00

O.002E+O0

0.0000E+0

0.000E+00

0.000E+0

0.000E+00

0.000E+00

0.0002E00

1.940E+02

5.50+04

1.4702-03

O.OOOE+00

8070E+03

0.0000E+0

0.000E+00

1.070E*08

1.570E+08

0.0000E+0

O.OOOE00

O.OOOE+00

O.OE+00

0.000E+00

O.OOE+00

O.OOOE00

0.0000E+0

0.000E+0

0.000E+00

O.OOOE+00

0.000E+00

O.02OE+00

0.000+00

0.000E+00

0Q000E+00

0C002+00

O.OOOE+00

0.000+00

O.OOO+00

0.000E+00

0.0000E+0

O.O00E+00

0.000E+00

1.940E+02

5.820E+04

IA70E-03

3.300E+08

9.500E405

1.430E+07

O.002+0

7.300E+07

1.180E+09

8A450E+07

1.9402+08

T.600E+08

1.7109+08

0.000E+00

1.870E-05

3.680E+08

0.000+00

0.000E00

0.0000E+0

0.0002400

0.000E+00

8.010E407

O.OOOE+QO

0.000400

3.030E+07

2.20E406

1.100E-09

0.000E+00

7.400C405

0.000E400

3.920E208

O.OOO+00

1.690-07

0
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS

TEEN
(m2*mremlyr per uClfsec)

Nucilde

ZR-95

ZR-97

NB-95

NB-97

MO-99

TO-MM

TC-101

RU-403

RU-105

RU-I06

RH-103M

RH-1 06

AG-110M

S0-122. ~~SS-124
SB-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

TE-131

TE-132

1-130

1-131

1-132

1-133

1-134

1-135

cS134

CS-136

CS-137

CS-138

Bone

1.510E+06

1.530E-05

1.790E+06

O.OOOE+00

O.OOOE+00

0.0002+00

0.000E00

O.600E+07

0.000E+00

2.360E+09

0.000E+00

O.OOOE+00

5.060E+06

S.300E+03

1.620E+09

1.660E+09

3.030E+08

9.410E+08

0.000E+00

".B0E+08

O.000E+O0

3.760E+02

0.00OE+00

1.150E406

1.8QOE.06

a.950E+06

O.OOOE00

3.590E-01

O.OOOE+00

O.OOOE+00

5230E+OB

9.220E406

7240E+08

0.000E+00

Uver

4.760E+05

3.020E06

S.840E+05

OD.OOE 00

&980E+04

0.0002E00

O.OOOE00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

4.790E+06

3.440E+03

2.980E+07

1.710E+07

1 .090E+08

3.340E+08

OI.OOE+00

3.560E+08

0.0O+00

1 002E+02

0.000E+00

7.260E+05

5.480E-06

1250E+07

O.000E+00

6.10AE-01

O.OOOE+OO

0.0000E+0

1.230E+09

3.630E+07

9.630E+08

0.000E+00

Tbody

3270E+05

1.390E-06

5470E+05

O.OOOE+00

1.710E+04

0.0004E00

0.000E+00

3.6S0E+07

0.000E+00

2.970E+08

0.0000E+0

0.000E+00

2.910E+06

4.170E+04

6.310E+0B

3.6608+08

4.060E+07

1.120E+08

0.0002E00

1.520E+08

0.000E+00

1.500E+02

0.0000E+0

6.840E+05

2.190E-06

6.730E+06

0.000+00

1.850E-01

0.OOOE+00

0.00E+040

1t0OE+08

2.440E+07

3.360E+08

0.0002E00

Thyroid

O.OOOE+00

0.000E400

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

0.0002E0Q

0.0OE+00

0.0002400

0.OOOE+00

0.0002.00

O.OOOE+00

O.OOOE+00

5.460E+02

3.670E+06

1A90E+06

8.470E+07

2.240E+06

O.OOOE+00

3.0902+08

0.0002E00

2.710E+02

0.0000E+0

7.660E+05

4A70E-04

3.660E+09

O.OOOE4

8.510E+01

O.OOOE+00

O.OOOE+00

0.0000E+0

0.OOOE+00

0.000+00

0.000E+00

Kldney Lung

6+905+0 0.000.E00

4.5OE-06 0.000E400

9.640E+05 O.OOOE200

0.003E+00 O.000E+00

2.060E+05 0.000E+00

0.000E+00 0.0002+00

O.OOOE+00 0OOOE+00

3.030E+08 0.000E+00

0.000E+00 O.OOE+00

4.550E+09 0.000E+00

O.OOOE+000 O.OOE+00

0.000E+00 0.000E+OO

9.140E+06 O.OOOE+00

1.620E+03 7.080E+02

0.000E+00 * 1.409

O.OOOE+00 1.370E409

0.000E+00 0.000E400

3.820E409 0.000E+00

0.000E400 O.OOOE400

4.010E+09 0.000E+00

0.000E+00 O.OOOE4

I.880E+03 0.0002400

0.000E+00 O.OOOE+00

6.970E+40 0.000E400

8.440E-06 0.000E400

2.160E40T O.OOOE400

0.000E4+00 .OOOE+00

1.070E+00 O.OOOE40

0.000E+00 0.0000E+0

0.0004E00 O.OoOE40

3.910E+40 190E408

1.970E407 3.110E+06

3.280E408 1270E208

0.000400 O.O00E+00

GUjre

1.100E+09

&18OE-01

4250E*09

0.000E+00

1.610E405

O.OOE400

O.OOOE+00

7.190E+09

0.0002400

1.130E+11

O.OOOE400

O.OOOE+00

1.350E+09

4.100E+05

3260E+10

1220E210

.940E+08

2.350E+09

1.750E-08

3.600E+09

0.0002.00

1.4502404O.OOOE+00

2=0E+07

42102E06

2.480E+06

0.0002400

4.610E.01

0.0000E+0

0.000E400

1530E+07

2920E+06

1.370E+07

0.00012400
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS

TEEN
(m2*mremlyr per uCIsec)

Nuclids Bone Liver Thody Thyroid Kidney Lung Gftct

BA.139
BA-140

BA-141

BA-142

LA-1 40

LA-142
CE-141

CE-143
CE-I"4

PR-14

PR.I44

ND-147

ELI-154

E1.-155. ~~W-187
0 ~~NP-239

0.0005E00

2.38WE+07

0.000E+00

0.0005E.0

.960E.02

0.OOOEsOO

1.180E+04

1.T60E-02

1.230E+08

1.790E+04

O.O0E+00

8.240F.03

8.090E+00

1.330E+08

1.810E-02

2.230E-01

M0OOOE+O0

2910E+04

0.000E+00

O.OOOE+00

1.4505-2

0.0000E+0

7.8W0E+03

1280E+01

5.080E+05

7.150E+03

.OOOE+00

B.790E503

7.870E+05

1.290E+05

1A480-02

2.110E-02

0.0OE+00

1.530E+06

O.OOOE400

0.000E+00

3.870E-03

0.000E+00

9.030E+02

1.430E-03

8.600E404

8.920E+02

0.000E+00

4.060E+02

5.540E+05

7.970E+04

5.170E-03

1.170E-02

0.000E+00 O.OOE+00

O.OOOE+00 9.88QE403

O.000E+00 Q.OOOE+00

O.OOOE+00 O.OOOE+00

0.00E+00 0.000E+00

0.000E+00 0.000E+00

O.0OOE+00 3.700E+03

0.0000E+0 5.740E-03

O.O0E+00 3.0405405

0.0000E+0 4.160E+03

0.000E+00 0.0002+00

0.0000E+0 3.9805+03

0.OOOE+000 3.520E+0

0.000E+00 5.030E+05

0.00E+00 O.OOOE00

0.000E+00 6.610E502

0.000E+00

1.980E+04

O.OOOE+00

O.OOO00

0.000E+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

0.000E+4

.OOOE.00

0.000E+00

O.OOOE+00

0.000E+O

0.OOOE+00

0.0005E+0

3.670E+07

0.000E+00

I O.OOE+00

8.350Es02

O.OOOE+00

2250E407

3.8505402

3.090.03

5.900E+07

0.OOCE+OO

2.450E+07

4.160E+0O

7.380E+08

3.990E+OO

3.390E+03
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Gaseous Effluent Pathway Dose Factors,
GRASS-COW-MEAT DOSE FACTORS

CHILD
(m2niremlyr per uCVsec)

-

Nucride

H-3

C-14

NA-24
.P-32

CR-5I

MN-84

IMN-56

FE.55

FE-5e

CO.57

CO-58

co-so

NI-63

Nt-65

CU644

ZN-85

ZN-69

BR-82

BR-83

BR-44

BR-5

RB-85

PE-"5

RB-SO

SR-89

SR-90

SR-91

SR-92

Y-90

Y9MM

y-e1

Y-92

,Y-03

Bone

0.000Z+00

5.290E+05

2.34DE-03

7.410E+09

o.oooE+00

O.OOOE+00

O.OOOE+00

4.570E+08

&780E+08

O.OOOE+00

O.OOOE+00

O.OOOE+OO

2.9102+10

O.WOE+00

O.OOOE+00

3.750E+08

O.OOOE+00

0.000E400

0.000E+00

0.000+00

0.000E+00

O.OOOE+00

0.0OE+00

O.OODE+OO

4.820E+08

1.040E+10

O.OOOE+00

0.00E+00

1.700E+02

O.OOOE*00

1.810E206

0.0002400

0.000E400

Uver

2.340E+02

1.060E+05

2.340E.03

3.470E+08

0.0oo+o00

7.990E+06

O.OOOE00

2.420E+08

6.120DE20

6.9202E06

1.650E+07

6.930E+07

1.560E+09

O.OOOE+00

3.240E-07

l.OOOE+09

0.000E+00

O.WOE+00

O.OOOE+00

0.000E+00

0.0002E00

5.760E+08

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.0002+00

0.0002+00

0.000E400

O.OCOE+00

O.OOOE+00

0.00OE+00

0.0000E+0

0.000E+00

Thody

2.340E+02

1.060E+05

2.3402-03

2.860E+08

8.810E+03

2.190E+06

0.0002+00

7.510t+07

3.0502+06

12004E07

6.040E407

2.040E+08

1.910E+08

0.000E+O0

1.980E207

6220E+08

O.ODOE+00

O.OOOE+00

O.OOOE+00

O.WOE+00

0.OOOE+OO

3.540E+Oe

O.OOOE+00

0.000E0W

1.380E207

.64OE+09

O.OOOE+00

0.OOOE0+O

4.S50E+00

0.000E+00

4.830E.04

0.0002+00

O.0OOE+00

Thyroid

2.340E+02

1.0602+05

2.340E-03

0.OOOE+00

4.890E+03

O.OOOE+04

0.000E+00

0.000E+00

O.OOOE+00

O.OOOE+OO

0.000E+0D

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

0.00OE+0O

O.OOOE+00

O.OOE+00

0.0OOE+00

0.00OE+00

0.0OOE0+0

O.OOOE+00

O.OOOE200

0.OOE+00

O.OOOE400

Q.O0OE+00

0.0002+00

0.OOOE400

0.000E+00

0.000E+00

0.000E+00

Kidney

2.340E+02

1.060E+05

2.34DE-03

O.OOOE+00

1.340E+03

2.240E+06

O.OOOE+00

0.0002+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E+O

0.000E+00

O.OWDE+00

7.820E 07

6.300E+08

0.0002+00

O.OOOE+00

O.ODOE+00

0.000E+O

0.000E+00

O.OOOE+00

O.OOOE+02

0.000E00

0.0002+00

O.OOOE+00

0.OOOE+CO

0.0000E+0

0.0002+00

O.OW2E+O

O.OOOE+00

Lung Gftrct

2340E+02 2340E402

1.060E405 1.0602+05

23402.03 2.34DE-03

0.000E+00 2.050E+08

8930E+03 4.670E+05

O.OOOE400 5.700E+06

0.000E+00 0.0000E+0

1.370E+08 4402E+07

1.770E+08 6.37OE+08

0.0002+00 4.850E+07

O.0WOE+00 9.600E+07

0.0000E+0 3.840E+08

O.OOOE+00 1.0502+08

0.0002+00 O.OOOE+00

0.000E00 1.520E205

0.000E+DO 1.760E+08

0.0002E0 0.000E+00

0.000E+00 O.OOOE+00

0.000EM0 0.000E.00

O.OOOE+00 O.0OE+00

0.0002E00 O.00OE+00

0.000E+00 3.710E407

O.OOOE0 0.00DOE+00

O.0OOE+00 0.00OE+00

O.OOOE+00 1.860E+07

0.000E+00 1.400E+08

O.OOOE+0 0 1.010E-09

0.000E+00 O.OOOE+00

0.0000E+0 4.840E+05

0.000+00 0.0002E+00

0.0002E00 2.410E+08

0.000200 0. OOOOE+00

0.000E+00 1.550E-07

0.000E+00 O.OOOE+00

O.OOOE+000 0.000E+4
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS

CHILD
(m2*mremryr per uCVsac)

Nuclide Done Uver Thody hyrold Kldney Lung G6tract

ZR-95 2.680E403 5.890E+05 5.240E+05 0.000E+00 &430E405 0.0000E+0 e.140E+40

ZR-97 . 2.8E-05 4.100E-06 2.4201-06 0.000E400 5.390.0 0.0001.00 6.210E-01

N95 &090E+08 1.200E+06 8.610E+05 O.OOOE+00 1.1i3E+06 O.OOOE+00 220E409

NB-97 O.OOOE00 0.00WE+00 0.000E+4 O.OOOE+00 0.0000 O .OOOE+OO.W00 0.000E+00

MO-99 0.0000E+0 1250E+05 3.090E+04 O.OOOE+000 2.67005 O.OOOE+00 1.030E405

TC-99M O.OOOE+00 O.OOOE+00E+00 0.0+00 o.oooe+O O.OOOE+00 OOOOEso 0.000E+00

TC-101 O.OOOE+00 O.OOOE+00 0.0001400 0.000E+00 0.000E+00 O.OOOE+00 0.000+OO

RU-103 1.660E+03 O.OOOE+00 5.980E+07 0.000E+00 3&92E+00 0.000E+00 4.020E+09

RU-lDS O.OOOE+OO D.OOOE+0 O.W01+00 0.000E+W 00 0.0002+00 0.0001E00 0.000E+O

RU-106 4.440E+09 0.000E+00 5.540E+08 0.000400 5&990a+09 0.0004+00 8.90E+10

RH-103M .OOOE+00 O.WOE+OO O.W.OE+00 0.0000E+OO .000+00 0.000E00 0.000z+00

RH-106 O.000E+00 0.000E+00 0.000+00 0.000E+00 O.O0E+00 0.000E+00 O.OE+00

AG-110M 8.400408 5.70E108 4.530E+0O O.OOOE+00 1.080E+40 0.000E+00 e.750E408

S9-122 2.080E+03 2.170E+03 2.630E+04 3A50E+02 1.020E+03 4A601E02 2.580E+05. 83-124 2.930E+09 3.800E+07 1.030E+09 84801408 0.000Er00 1.82OE+09 1.830E+10

SB-125 2.850E109 2.190E+07 5.960E+08 2.640E+08 0.000E+00 1.590E+09 8.800E+09

TE-125M 5.890E408 1.540E+08 7.590E+07 1.600E+08 0.OOOE+00 0.000E+00 5.490E+08

TE-127M 1.7705E+09 4.780E+08 2.110E+08 4.240E108 5.080E+09 0.000E+00 1.440E409

TE-127 0.000E+00 O.OOOE+000 0.00E+ O.OW4E+00 1.210E09 O.OOOE+O 1.660E-08

TE-129M 1.810E+09 5.040E+09 2.800E+08 5.820E+03 5.300E+09 0.00E0O4 2.200E+09

TE-129 .000+400 O.OOOE+00 .OOOE+00 O.00E+00 0.000E+00 0O.OE100 0.000E+00

TE-131M 7.000E+02 2.420E102 2.580E+02 4.980E+02 2,340E+03 0.OOOE+OO 9.8201+03

TE-131 0.0001+00 0.000E+00 0.000z400 O.OOE+0 0.000E+00 0.000oE+00 0.000E+00

TE-132 2.090E+06 9.2702.05 *.120E+0B 1.3501O408 8.800E+08 0.000E+00 9.330E+0

14130 3.3901.08 8.850E-06 3.530E-08 7.540E-04 1.020E-05 0.00E+00 3.2005

1-131 1.680E107 1.670E107 9A90E+06 0.520E+09 2.740E+07 0.000E+00 1A909+06

1-132 0.0001+00 O.E000 O.E0200 0,000E+00 0.000E+00 O.OE00 0.0002E00

1-133 8.680E-01 &260E-01 3.120E-01 1.530E+02 1.380E100 0.000E400 3.330E-01

1-134 O.OOOE00 0.000E+00 0.000E+00 0.000+00 0.000E400 0.0000E+0 O.OOOE400

1-135 O.OOOE+00 0.000E400 0.000E+00 O.OOOE+00 0.000E+00 0.0000E+0 O.OOOE+00

C:-134 9.220E+08 1.510E+09 3.190E+08 0.0001eOO 4.690E208 1.680E+08 8.1S0E06
CS-138 1.590E207 4.370E+07 2.830E+07 D.OOE+O0 2.330E+07 3A70E40 1.540E+08

CS-137 1.3302+09 1.280E+09 1.8S8E+08 0.000E+00 4.180E+08 1.500E+8 7.990E+06

CS-138 0.OOOE+00 O.OOOE+00 0.0004E+0 0.0004E+00 .OOOE+00 O.WE+00 O.0E+00
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GRASS-COW-MEAT DOSE.FACTORS

CHILD
(m2*mrem/yr per uCOsec)

Nucide Bon Liver Tbody Thyroid KWdney Lung Gitract

BA-139 O.OOE00 0.000E+00 O.OOOE+O4 O.OOOE+00 O.OOOE+0400 0.000E+00 O.O0E+O

BA-140 4.390E+07 3.850E204 2.860E+06 O.OOOE+00 1.250E+04 2.290E+04 2.220E+07

BA-1U 0.000E+00 O.OOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+00 O.OOOE+OO O.OOOE+O

BA-142 0.000E+00 0.0000E+ 00 0.000E+OO O.OOOE+Oo O.OOOE+00 O.OOE+00 O.OOOE+00

LA140 5.410E-02 1.890E-02 6.380E-03 O.OOOE+00 0.0002*O0 0.000E+00 5.270E+02

LA-142 O.OWE+00 0.000E+00 0.000E+00 0.00012+00 0.000E00 0.000E+00 0.00024 00

CE-141 2.220E+04 1.110E+04 1.640E+03 0.0000E+0 4.840E+03 0.000E+00 1.380E+07

CE-143 3.300E.02 1.790E+01 2.590E-03 O.OOOE+00 7.510E-03 O OE+DO 2.620E+02

CE-144 2.320E+06 7.260E+05 1.240E+05 QOOOE+00 4.0202405 O.O0OE+00 1.890E+08

PR-143 3.390E204 1.020E+04 1.680E+03 O.OOOE+00 S.510E+03 0 1OOOE+00 3.660E+07

PR-144 0.000E+00 O.OOOE+00 0.000WE+00 Q000+OO O .000 0 O.OOOE.00 O.OOOE+0O

ND-147 1.170E+04 DAOE+03 7.340.+02 0.000E+00 5.2OE+03 O.OOOE+00 1.500E+07

EU-154 1.120E+07 1.010E+06 9.190E+05 O0.0OE+00 4.420E+06 0.OO2E+00 2.340E+08

EU-155 2.330E+06 1.680E+05 1.310E+05 O.OOOE+00 6.280E+05 O.OOOE+02 4.200E+08

W-187 3.3601-02 1.900E-02 8.920E-03 O.OOE+00 O.OOOEO0 O.O0OE+00 2.790W+00

NP-239 4.2001201 3.020E-02 2.120E-02 0.OOOE+00 8.730E-02 O.OOOE+00 2230E+03
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iNFANT
(m2*mrern/yr per uCIsec)

Nucl~de Done Liver Thody Thyroid Kidney Lung Goftzc

THIS PATHWAY IS NOT APPUCABLE

TABLE INTENTIONALLY LEFT BLANK
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Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
ADULT

(m2*mremlyr per uCI/sec)

Nucalide Bone IUver lbody Thyroid Kidney Lung G11ract

H-3 0.00+200 2.260E+03 2260E+03 2.260E+03 22260E+03 2262OE403 -22$4E+03

C-14 8.970E+05 1.790E+05 1.790E+05 1.790Es05 1.790E+05 1.790E+05 1.7902405

NA-24 2.760E+05 2.760E+05 2.760E+05 2.760E+05 2.760E+05 2.7602E05 2760E+05

P-32 1.00E+09 .730E+07 &420E+07 0.OOE+00 0.000E00 0.000E+00 1.580E.0B

CR81 O.OOOE+00 0.000E00 4.660E+04 2.790E+04 1.030E+04 6.190E+04 1.1702E07

MN-64 0,000E+00 3.IiOE+05 5.940E+07 0.000E+00 9.270E+07 0.OODE+0O 9.540E+08

MN-56 O.OOOE+00 1.610E+01 2.850E+00 O.OOOE+00 2.040E+01 0.000E00 5.130E+02

FE-S5 2.090E+08 1A50E+08 3.370E+07 O.OOOE+00 .0.00+00 8.0802+07 82902E+07
FE-59 1.270E+08 29902E08 1.140E+08 O.OOOE+00 O.OOOE+00 8.350E+07 9960E+08

CO-57 0.000E+00 1.170E+07 1.950E+07 O.OOOE+00 0.000E+00 0.0000E+0 2970E+08
Co-58 0.000E+00 3.0904E07 6.920E407 O.OOOE+00 O.OOE+00 0.0002E+00 6260E+08
CO-60 0.000E+00 1.670E+08 3.690E+08 0.00E+00 0.000E+00 0.000E+00 3.140E+09
NM63 1.040E+10 7.210E+08 3.490E+08 0.000E+00 0.000E200 0.000E+00 1.500E+20

NI-5S 6.150E+01 7.S0E+00 3.6502E00 0.000E+00 0.000E+00 O.000E+00 Z030E+02

CU-64 0.0002E00 8.2702+03 4.350E+03 0.000E+00 2.340E+04 0.00OE+00 7.900E+05

ZN-65 3.170E208 1.010E+09 4.560E+08 O.000E400 6.750E+08 O.OOE+00 6.360E+08

ZN-69 8.750E-06 1.670E-05 1.160E-06 0.000E+00 1.090E205 0.000E+00 2.510E-06

BR-82 0.000E+00 0.000E+00 1.510E+06 0.000E+00 0.000E+00 O.OOE+00 1.730E+06

OR-W3 0.000E+00 0.000E+00 3.210E+00 0.000E+00 0.000E+00 O.0002E00 4630E+00

BR-84 O.000E+00 O.000E+00 0.000E+00 0.000E200 0.000E+00 O.0002+00 0.000E+00

BR-85 O.OOOE+00 0.000E+00 0.000E+00 0.000E+00 O.02.OE+O O.0000E+0 0.000E+00

RBrB6 0.000E+00 2.190e+08 1.020E+08 0.00E+00 0.000E+00 0.000E+00 4.320E+07

RB-88 0.0002+00 0.0002+00 O.OOOE+00 Q0.000400 0.OOOE+00 0.0000E+0 0.000E+00

RB-89 0.000E+00 0.000E+00 0.000E+00 0.00OE+00 0.000200 . O.0000E+0 0.000E+00
SR-89 9.96DE+09 0.000E+00 2.850E+08 0.0000E+0 O.000E+00 O.000E+00 1.600E+09

SR-OD 6.050E+11 0.00E+00 1480E+11 0.OOOE+00 0.000E+00 0.000E+00 1.750E+10
SR-91 3200E+05 0.000E200 1.290E+04 0.000E+00 0.000E+00 0.D0OE+00 1.520E+06

SR-92 4.270E+02 0.000E+00 1.850E+01 0.000E+00 O.000E+00 O.000E+00 8GA0E+03

YJ90 1.330E+04 0.0002+00 SS60E+02 O.300E000 0.002E+00 O.00E+00 1.410E+08

YV-tM 5.830E209 0.0002E00 0.0002+00 0.000E+00 0.0002+00 O.000E+00 1.710E-08

Y.91 5.130E+06 0.000E+00 1.370E+05 0.000E+00 0.OOOE+00 0.000E+00 2.820E+09

Y-02 9.010E-01 O.000E+00 2.630E.02 0.000E+00 O.000E+00 0.000E+00 1.580E+04

Y-93 1.740E+02 0.000E+00 . 41WOE+00 0.000E400 0.000E400 O.OOOE+00 6.520E+06
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Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
.ADULT

(m2"mremtyr per uCL/sec)

Nucilde Bone Uver Tbody Thyroid KIdney Lung Gltract
ZR-95 1.190E508 3.810E+05 2.580E+05 0.000E+00 5.970Z+05 O.COOE+00 1210E+09
ZR-97 3.330E+02 6.730.E01 3.080E401 0.0005400 1.020E+02 0.000E+00 2.080E+07
NB-9S 1.420E+05 7.910E+04 4.250E+04 O.0OE+00 7.810E+04 O.OOOE+00 4.800408
NB-97 2.900E-08 7.340E-07 26.OE-07 0.000+500 8.S60-07 0.OOOE+00 2.710E-03
MO-99 0.000E+00 8.250E+08 1.190E+08 0.OOE.00 1.410E+07 O.0OOE+400 1405+07
TC-99M 3.060E400 8.660E+00 1.100E+02 0.0000E+00 .320E.02 4.240E+00 5.120E+M3
TC-101 0.000E+00 0.00CE00 0.0005E+00 O.OOOE00 O.OOOE+00 . 0.000E+00 0.0000E+0
RU-103 4.A00+06 0.000E+00 2.070E+08 O.OOOE+00 1.830E+07 0.OOOEE00 5.810E+08
RU-105 &390E501 0.000E+00 2.130E+01 O.OOOE00 8.960E+02 0.000E400 3300E+04
RU- 10 1.930=508 0.000E+00 2.440E+07 0,000E+400 720E+08 0.000+00 1.250E+10

RH-103M 0.0005+00 O.OOOE+00 O.OOOE+OO O.00E+00 0.000E400 0.000E+00 0.000E+00
RH-t08 0.000E+00 0.000E+00 O.OOE+00 O.OE+400 0.0005400 0.0005.00 O.OOOE+OO

AG-110AM 1.005E+07 9.760E+08 &800E+40 O.OOOE+00 1.920E507 0.0005+00 3.980E+09
SB4122 7.500E+05 7.820E+05 9.470E+08 1.240E+05 3.690E+05 1.610E+05 9.320F.07
SB-124 1.04CE008 1.360E+06 4.110E+07 2.520E+05 0.O0Q+00 O.80E+07 295052+09. SB-125 1.360E+08 1.520E+05 3.250E+07 1.390E+05 0.0005E00 1.050E+08 1.5005+09

TE-125M 9.860E+07 3.500E407 1290E+07 2.900E+07 3.930E+08 0.000E+00 3.860E408
TE-127M 3.490E+08 1250E+08 4.280E407 8.920E+07 1.420E+09 0.0000E+0 1.170E+09
TE-127 5.760E003 2.070E+03 12505+03 4.2705+03 2.350+04 0.000E+00 4.540E+05

75-129M 2.550E+08 9.500E+07 4.030E+07 8.750E+07 1.060E+09 0.0000E+0 1.280E+09
TE-129 &650E504 2.0E-04 520E-04 5.100E-04 2.79OE03 O.00E+00 5.020E-04

TE-131M 9.120E+05 4.480E+05 3.720E+05 7.080E+05 4.20E+08 0.000E+00 4.430E+07
TE-t31 O.OO0E+00 0.0005400 0.0005400 .000E50 0.000E00 0.0OE+000 0.000E+00
TE-132 42905408 2.770E506 2.8005+08 3.0605+08 2.6705+07 0.000E+00 1.310E+08

1-130 3.960E+05 1.1705+08 4.610E+05 9.90E+07 1.820E+08 O.OOOE00 1.010E508
1-131 8.090E+07 1.160E+08 6.830E+07 3.7905.10 1.980E+08 0.00E0400 3.030E507
1-132 5.740E+01 1,540540 &3805E01 5380+03 2.4505.02 O.0E+00 2.890E+01
1-133 2.120E50 3.69E+0 1.120E+08 5.420E+08 .440E+06 0.000+00 3.3105+0S
1-134 1.060-04 2.880E-04 1.030E-04 5.000E-03 4.5905-04 O.0OE+000 2.5105-07
1-135 4.0005E04 1.070Z+05 3.940E+04 7.040E+08 1.710E+05 0OOOE+00 1.210E505

CS-134 4.580E+09 1.110E+10 9.070E+09 0.000E+00 3.690=+09 1.190E+09 1.940E08
CS-138 4.200E+07 1.805+03 1.190E+08 0.000E00 9.240E+07 1.20E+07 1.890E+07
CS-137 8.302.+09 8.700E209 5.700E409 0.0005400 2.950E409 9.810E+08 1.880E408O CS-138 M000E+0O0 0.000E+0 0.000E5+0 0Q00000 0.000E+00 0.0005E00 0.0002E00

I
I
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Attachment 12

Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS

ADULT
(m2mrernmlyr per uCilsec)

N~uclicte

EA-I139

SAM14

BA-142

LA-140

LA-142

CE-141

CE-443

Crz-144

P1R-144

ND-147

EU-I 54O ~~EU-I 55
is ~W-187

NP-239

Bone

2.950E-02

1290E+08

0.0002+00

O.OOOE+00

1.0704+03

1.40E-04

1.960E+05

1.000E+03

3290E207

6&4OE+04

O.OOOE+OO

&340E+04

4.50+07

.710E+06

3.B20E+04

1.420E+03

Uver Tbody

2.100E-05 6640E-04

1.620E+05 8.4302+06

0.000E+00 O.OOOE+00

O.OOOE+00 O.0OE+00

9920E+02 2.620E+02

6.350E-05 M ME.05

1.330E+05 1.510E+04

7.420E+05 82102401

1380E+07 1.770E+06

25402z04 3.140E+03

O.OOOE+00 0.000E+00

3.860E+04 2.310E+03

5.970E+06 4.250+06

9.510E+05 .140E+05

3.1902E04 1.120E+04

1AOOE+02 7.7ZOE+01

Thyroid Kidney

0.0000E+0 1.960E.05

0.000E+00 6.490E+04

O.OO0E00 0.000E+0

O.OO0E+00 O.OOOE+00

O.OOOE+00 O.OOOEtOO

O.OOO2+00 0.000E00

0.000E+O0 6.170E+04

0.000E+00 3.260E+02

0.000E+00 8.160E+08

O.OOOE+0000 IA4E0

0.000E+00 O.OOOE+0

0.000E+00 22S0E+04

0.000E+00 2A60E+07

O.OOOE+000 4.390E+06

O.OOOE+00 0.000E+00

0.000E+00 4.370E+02

-Lung

1.1909-05

9250E+04

0.000z+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

0.0002+00

0.0002v00

0.000E+00

O.OOE+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOE+00

0.0000E+0

G6tract

A23OE-02

2650E+08

0.000E+00

O.OOOE4OO

7280E407

4.640E-01

6.080E+08

2.770E+07

1.110E+10

2.780E+08

O.OOOE+00

1.850E+08

4.3202409

1.050E+07

2.70E+07
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Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
TEEN

(m2rmremlyr per uCVsec)

Nuclide Bone Liver Tbody Thyroid 10dney Lung Bltract

H-S 0.000+00 2.590E03 2.590E+03 2.590E+03 2=5902+03 2.59CE+03 2.590E+03

C-14 tASO+08 2910E205 2910E+05 2.910E+05 2.910E+05 2.910E+05 2.9102E05

NA-24 2ASO4+05 2.450E+05 2A50E+05 2.450E+05 2A50E+05 2A50E+05 2.450E+05

P.32 1.610E+09 9.960E+07 .230E+07 0.000E+O .O.OOOE500 O.OOOE00 1.3S0E+C8

CR-51 0.000E+00 0.000E200 62002+4C 3.4402E04 1.380E+04 5.5E004 1.040E+07

MN-U O.OOE+00 4.520E408 8.970E+O7 0.000E+00 1.350E+08 0.000E+00 9.270E+08

MN-SB 0.000E+00 1.450E+01 2.8E000 0.000E+00 1.830E+01 O.0002E00 9.540E402

FE-55 3250E+08 ±3105+08 .380E+07 0.000E400 0.000+00 14A8E08 9.980E+07

FE-59 1.810E+00 4M.25408 1.830408 0.000E+00 O.00E5400 1.02+08 9.90E408

00-57 0.00E+00 1.790E+07 .0O0E+07 0.0005400 0.000e+0 O.00WE+00 3.340E+08
CO-S5 O.0005100 4.0O50 1.010E+08 0.00015400 0.000E40 0.0005400 6.040.408

CO-60 0.000E+00 2.490E408 5.50OE+08 0.0005400 0.000E+O 0.000E+00 3.240E409

NI-33 1.510E4+10 1.130E509 5ASOE+08 O.O00E+00 0.000E+00 O.0+OQ 1.0008

Nl-415 .730E+01 7.320E+00 3,330E+00 0.0002+00 0.000E+00 O.0005400 397O5+02

CU-64 O.OOO+400 8.400E+03 3.950E+03 O.000200 21202404 O.OOOE500 8.510E+05

ZN-65 4,240E+08 1A70E+09 8.880E+08 O.OOOE+00 9.410E508 0.000E+00 8.230E+08
ZN.69 &510E50 1.50ME0 1.i0E-o 0.0005+400 1.020205 0.000E+00 2.8805E05

BR-82 0.002+00 0.002E+00 1.330E+06 O.0E000 0.O00+00 0.000E+00 0.XE+00

BR-83 O.OOOE00 0.000E+00 3.0102+400 0.0005E40 0.00E+00 0.0005*00 0.000E+00

BR-84 0.000E+00 0.000E+00 0.0005+00 0.000E+0 0.000E+00 0.000E+00 0.0005E00

BR-85 O.OO0.OE+ O.OOE+00 0.000E+00 0.000O+O00 O.OOOE+0200 0.0000 0.0002400

RS-88- O.OOOE500 2.7305E08 1.280E+08 0.00E+400 0.000E+00 0.000E+00 4.050E+07

R3-88 O.OOOE+00 O.OOOE+000 0.000400 0.0OOE+00 0C.000E+0O 0.0005E40 0.005E+00

RB.89 0.000E+O0 0.000E+00 O.00E500 0.OOOE+00 0.000500 .OOOE+00000 0.0000E+0

SR-89 1.510E+10 0 ..000E00 4.33C5408 0.000E+00 0.0002E4 O.OOOE+00 1.8002+09

SR'90 7.510E+11 O.OOE000 1.850411 O.oooE+OO 0.000E+00 O.OOE500 2.110E+10

SR-91 2.9905+05 O.OOOE+00 1.1905+04 0.000E+00 0.000E+00 O.00E040 1.0E54

SR-92 3.970E+02 0.000E00 1.590E401 0.000E00 0.000E+00 0.000E+00 1.0102E04

Y-90 1.240+04 0.000E+00 3.340E502 0.005+00 0.000z+00 0.000e40 1.0205+08

Y-91M 5.430.09 0005OE+00 0.0004E00 O.0OOE+00 0.000E+00 0.0005400 2.5805-07

Y-91 7.870E+05 OMOE+00 2.110E+05 0.000+00 O.05E+400 0.000+00 3.2305+09

Y-92 8.470E.01 0.000E+00 2.450E-02 0.0002E00 0.000E+00 0.0005+00 2.320E+04

Y-93 1.830E+02 0.00OE+00 4470E+00 0.000E+00 O.OOOE+000 0.000+00 4.980E+08
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Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
TEEN

(rn2*mrem/yr per uCllsec)

0

Nucride

ZR-O5

Bone

1.740E+06

Liver

SA90r2+05

i: bady - Thyrold Kidney Luing Gltract

3.780E+05 O.000E+00 8.070E+05 0.000E2400 1.270E409

S.0W39E+02 5.110E+01 2810E'01 0.0000E+0

NB-95 1.920E+05 1.060E+05 5.880E+04 0.000E+00

NE3-7 2.690E-06 6.670E07 2M0E-07 O.OOOE+00

MO-99 . O.0004O+O 5.740E+06 1.090E406 O.OOOE+00

TC-8SM 2.700E+00 7.640E+00 0.770E+01 0.000E+00

TC-101 0.000E+00 0.000E+00 O.OOOE+O O.OOOE+00

RU-103 6.B70E+06 0.000E+00 2.940E+06 O.OOOE+00

RU-105 S.000E+01 0.000E+00 1.940E+01 0.OOOE+00

RU-105 3.090E+08 0.OOOE+00 3.902E+07 O.OOOE+00

RH-103M O.OO+000 O..OOE+00 0.000E+00 0000E+00

RH-106 O.OOOE+OO 0.000OE+O O.OOOE+00 O.OOOE+00

AG-110M 1AiZOE+07 1.440E+07 8.740E+06 O.OOOE+00

SB.122 4.920E+05 5.130E+05 6.220E+.06 8150+04

SB-124 1.550E+08 2R50E+06 6.030E+07 3.510E+05

SB-125 2.140E208 2.340E+06 5.000E407 i240E+05

TE-125M 1.480E+08 5.340E+07 1.980E+07 4.140E+07

TE-127M 5.510E+08 1.960E+08 6.560E+07 1.310E+08

TE-127 8.430E+03 1.920DE03 1.170E+03 3.740E+03

TE-129M 3.670E+08 1.360E+08 5.810E+07 1.180E+08

TE-129 6.220E-04 2.320E-04 1.5102E04 4.450E-04

TE-131M &440E+05 4.050E+05 380E405 6.0902E05

TE-131 0.000E+00 O.OOOE+00 0.000E400 0.000+00

TE-132 3.900E+06 2470E+06 2.320Ee06 2.600E208

M130 3.5402E05 1.020E+06 4.090E+05 8.50E+07

1-131 7.0ME07 1.080E+08 6.790E+07 3.140E+10

1-132 S.180E+01 1.360E+02 4.870E+01 4.570E+03

1-133 170+06 3.340E406 1.020E+06 4.6602+08

1-34 9.590-05 2.540E-04 9.130E-05 4.240E-03

135 380E+04 9.480E404 3.5202.4 6.100E+0O

CS-S34 7.090E+09 1.670E+10 7.740E+09 O.OOOE+00

CS-136 4290E+07 1.602408 1.130E+08 0.0000E+0

CS-137 1.010E+10 1.350E+10 4.690E+09 0.000E+

CS-138 0.000E+00 0.OOOE+00 O.000E+00 0.000E+00

9.260E+01 O.OOOE+00 1.650E+07

1.030E+05

7.800E-07

1.310E+07

1.120E+02

O.O0E+OO

2A20E+07

6.310E+02

6.970E+08

O.OOOE+00

0.000E+00

2.740E+07

2.420E+05

O.O0OE+00

O.OOOE+00

0.OOOE+0O

2.240E+09

2.200E+04

1.U40E+09

2.6102E03

4.220E+06

O.OOOE+00

2.370E407

1.580E+06

1.850E+08

2.140E+02

5.860E+06

4.010E-04

1.500E+05

5.300E+09

9.190E+07

4.590E+09

O.OOOE+00

0.000E+00 4.550E+08

0.000E+00 1i.59E002

.OOOE+00 1.030E+07

4.190E2.00 4.950E+03

0.000E+00 o.bo00+oo
O.OOOE200 &7740E+08

0.OOOE+00 4.040E404

O.0WOE+00 1.480E+10

O.OOOE+00 0.000E+00

0.000E+00 0.000E+00

O.OOOE+00 4.040E+09

1.060E+05 * 6.120E+07

1.350E208 3.110E+09

1.880E+08 1.660E+09

0.000E+00 4.370E+08

0.000E+00 1.370E+09

0.4000E00 4.190E+D5

O.OOOE+00 1380E409

0.000E+00 3.400E-03

0.0000E+0 3250E+07

O.OOOE+000 0.0000E+

0.000E+00 71120£fO7

0.0002E00 7.8702E05

O.0OOE+00 21130+07

0.000E+00 5.910E201

0.0002E40 2.530E+06

0.000E+00 3.30E-06

0.0002E40 1.050E+05

2.020E409 2.0802.08

1.450E+07 1.360E207

1.780E409 1.920E+08

0.000E+00 O.0OOE400
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Attachment 12
Gaseous Effluent Pathway Dose Factors0 VEGETATION DOSE FACTORS

TEEN,
(m2'mrernlyr per uCVsec)

Nuclido one Liver Tbody Thyroid. KIdney Lung Gltract

BA-139 2.770E-02 1.950E-05 3.080-E04 O.000E+00 t.B40E-05 1.34DE-05 2.470D-01

BA.140 1.380E208 1.690E+05 8.10E+28 O.000E+00 5.750E+04 1.140E+05 2.t30E+05

BAD41 0.0004E00 O.OOE+00 O.OOOE+0 O 0.0002400 0.00CE+4 0.000E+00 O.OOOE+00

BAP142 OOOE+00 O.OOOE+00 0.000 . +00 O.OOOE+00 0.000E+00 0.OOOE+00 (.0002E00

LA4t40 1.800E+03 8.840E+02 2.350E+02 0.000E200 0.OOOE+00 0.000E+0 5.080E+07

LA-142 1.280E-04 5.690E-05 1.420E-05 O.000E+00 0.000E+00 0.000E+00 1.730E+00

CE-141 2.820E+05 1.880E+05 2180E+04 0.0002+00 8.880E+04 0Q00E+00 5.380E+09

CE-143 9.370E+02 8.820E+05 7.820E+01 0.000E+00 3.0E+oe02 0.000E+00 2.050E+07

CE-1l 5.270E+07 2.180E+07 2.830E+08 0.000E0 1.300E+07 0.000E+00 1.330E+10

PR.143 7.120E+04 2.840E+04 3.5502E03 0.0000E+0 1.504E+04 O.0OE+00 2.340 8

PR-l" O.002E+00 O.OOOE+00 O.OOOE+00 o.OOOE400 0.000 O .OOOE+0.00 O.OOOE+00

ND-147 3.6530E204 3.94054 23502+03 O.OOOE00 2.320E+04 0.000E+00 1.420E+08

EU-54 7.080E+07 9.120E+08 3.430E+OB 0.000E+00 4.080E+07 0.000E+00 4.820E+09

EU-155 1-540E+07 1.480E+03 9.190E+05 0.000E+00 5.8000E+6 O.002E+00 3510E+09O W-1l7 3.550E+04 2.9002E04 1.020E404 O.OOOE+00 D.OOOE+00 .04000E+ 7.5402406
NP-239 1.380E+03 1.300E+02 7.240E+01 0.000E+00 4.090E202 .OOOE+00 2.100E+07
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Attachment 12.
Gaseous Effluent Pathway Dose Factors

,VEGETATION DOSE FACTORS
CHILD

(m2'mremtyr per uC/sec)

Nudlide

H.3.

C-14

NA-24

P-32

CR-5i

MN-54

mN-so
FE-55

FE-39

C0457

CO-58

CO-So

NI-83

NI-O5. ~~CU64
ZN-OS

ZN-OS

BR-82

BR-83

OR-84

BR-e5

RB-88

RB-88

RB-89

SR-8O

SR-90

SR-el

SR-42

WOO0
Y-91M

y-G1

Y-92

Y-93

sone LUer Thody ThWroid

O.OOOE+00 4.010E+03 4.010E+03 4.010E+03

3.500E+06 7.010E+05 7.010E+05 7.010E+05

3.830E+05 3.830E+05 3.830E+05 3.830E+05

3.370E+09 t.680E+08 1.300E+08 O.OOE+400

O.OOOE+00 0.000E+00 1.180E+05 6.540E+04

0.000E+00 6.610E+08 1.760E+08 0.000E+00

O.OOOE+00 1.900E+01 4280E+00 O.OOOE+00

8.000E+08 4240E+08 1.310E+08 0.000E+00

4.010E+08 6.480-408 3230E+08 0.000E+00

0.000E+00 2S9OE+07 6.040E+07 .OODE+00

0.000E+00 5.470E+07 1.080E+08

0.000E+00 3.780E+08 1.120E+09

39S50E+10 2.110E+09 1.3400E+

1.050E+02 9.890E+00 5.770E+00

0.000E+00 1.110E+04 6.690E+03

8.120E+08 2.160E+09 1 E3502+09

*1.510E-05 2.180E-05 ±020E-08

0.0O0E400 0.000E400 2.040E+06

0.000E+00 0.000E+00 5.550E400

0.000E400 O.OOOE00 O.OOOE+00

O.OOOE+O 0.000E+00 0.000E+00

0.000E+00 4.S20E+08 2.78OE408

0.00DE+00 0.0000E+0 0.000E+00

OOO0E+00 0.000E+00 0.000E+00

3.590E+10 0.000E+00 1.030E+09

1.240E+12 0.000E+00 3.150E+11

5.500E+05 0.000E+0D 2.080E+04

7.280E+02 O.ooOE+00 2.920E+01

2±300E+04 o0oo0E+00 6.170E+02

9.940E-09 O.OOOE+00 0.0000E+0

1.870E407 0.0000E+0 5.010E+05

1.560E+00 0.000E+O 4.460E-02

3.010E+02 0.000E+00 8.250E+00

0.000E+00

0.000E+00

0O0OE+00

O.OOOE+00

0.000E+00

0.000E+00

O.OX0E+00

0.000E+00

0.OOOE+00

0.0006E00

0.00E+00

0.000E+00

0.000E+O0

0.OOOE+00

O.OOOE+00

0.0002E00

0.000E+00

0.000E+00

0.000E+00

0000E+00

Kidney Lung

4.01OE+03 4.010E+03

7.010E+05 7.010E+05

3.830E+0 3.830E+05

0.000E+00 0.000E+00

1.790E+04 1.1600+05

1.850E+08 O.OOOE+00

2290E+01 O.OOOE+00

O.oo0E+00 2.4OOE+08

0.0000E+0 .8802+0

O.OOOE+00 O.OOOE+00

0O0002+O0 O.OOOE+00

0.000E+00 0.000E+O0

0.0002E00 0.000E+00

O.OOOE+00 O.OOOE+00

26802E+04 0000oE+00

1.8D0E+09 O.OOOE+00

1.320E-05 0.000E+00

O.OoE+00 O.OO0E+00

O.OOOE+00 0.000E+00

0.OOOE+00 0.OOE+00

0.000E+00 O.OOOE+00

OO00E+00 0000E+00

0.000E+00 0.000E+00

O.OOOE+00 O.OOOE+00

O.OOOE+00 0.000E+00

0.000E+00 O.OOOE+00

O.00E+00 0.000E+00

O.OOOE+00 Q.OOOE+00

0.000E+00 0.000E*0O

0.000E+00 0.0000E+0

Gltract

4.010E+03

7.010E+05

3.830E+05

9.300E+07

6250E+06

6550E+08

2.750E+03

7.860E407

6.7eoE+08

2A50E+08

3.770E+08

2.100E+09

1.420E+08

1.210E03

5.200E+05

3.800E+08

1.380E-03

0.00E+00

OSOOE+CO

O.OOOE+00

0.O00E+Oo

2.910E+07

0.000E400

O.OOOE00

1.3902+09

1.670E+10

1.210E+06

1.380E+04

6.560E+07

1.i0504

2A.90E+09

4.510E+04

4.480E+06

0.OO0E+00 I 0.000E+00

O.OOOE+00 O.OOOE+00

0.0000E+0 O.0OOE+00

0.002E400

o.OOOE+00

O.OOOE+00
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Attachment 12

Gaseous Effluent Pathway Dose Factors.
VEGETATION DOSE FACTORS

CHILD
(m2*mremyr per uCIsec)

NudIlde Bon& Liver Tbody Thyroid Mdney Lung Gibt

ZR-OS

ZR-97

NS-95

NB-97

MO-9S

TC-99m

TC-101

RU-i 03

RU-105

RU-1lOG

RH-103M

RH-lOS

AG-I10M

SB-122. 82S-1 24
SB-125

TS-425M

T9-127?A

TE-`127

Th-129M

TE-129

TS-131M

TE-131

TE-132

1-130

1-131

1-132

1-133

1-34

1-135

CS-134

CS4138

CS-137

CS-1 38

3.900E+06 8.580205 7.640E+05 0.000E+00

S.640E+02 &150E+01 4.810E+01 O.OOOE+00

4.100E+05 1.590E+05 1.140E+05 O.OOE200

4.900E-08 8.850E-07 4.130E201 0.000E+00

0.000E+00 7.830E+08 1.940E+08 O.OOOE+00

4.650E+00 9.120E+00 1.510E+02 0.000E+00

0.00OE+00 O.OOOE+00 0.000E+00 0.0000E+0

1.550E+07 O.OOOE+00 5.940E+05 O.WOE+00

9.170E+01 O.000E+00 3.330E401 O.00+000

7.450E+08 0.0WOE+00 9.300E+07 0.000E+00

0.OOOE+00 0.000E+00 0.OOOE+00 0.0005E00

0.0002+00 0.000+E00 0.000E+00 0.00020E+

3.22OE407 21702+07 1.740E+07 0.000E+00

3.050E+05 3.1BOE+05 3.5E+8 a.0502E+04

3.520E+08 4.570E+06 1.230E+03 7.7805E05

4.990E+08 3.855E+08 1.050E+08 4.620E+05

3.510E+08 9.500E+07 4.J70E+07 9.840E+07

1.320£+09 3.560E+08 1.570E+08 3.160E+08

1.000E+04 27005+03 2.1501403 8.90E+03

8.54E+08 2.3902+08 1.330E208 2.750E208

1.1505E03 3.220E-04 2740E-04 8220E-04

1.540E+0B &330E+05 5.680E+05 1.100E+08

O.OOOE+00 0.000E+00 0.0000E+0 O.OOOE+00

89802+08 .0O9E+08 &730E+08 4.500E406

&210E+05 1.260E+08 a470E+05 1.380E+40

1.2302+08 0.000Q+00 8.950e+08

1.170E+02 O.0OE+00 1230E+07

1.500 5 0 0.000E+00 Z950E208

9.820E-07

1.0702+07

1.330E+02

0.000E+00

3.890E.07

80602+02

1.010E+09

0.000Q+00

0.000E+00

4.050E+07

1.5OE+05

0.000E+00

0.000+00

O.OOOE+00

3.770E+09

2.850E404

2.510E+09

3.370E-03

5.160E+08

O.OOOE+00

2.870E+07

1B80E+OS

00OOE400 27300E1

0.000E+00 8A.480E+08

4.630E+00 5.190E203

O.OOOE+00 0.000E+00

0.0OOE+00 3.90E+08

0.0000E+0 5.980E+04

0.000E+00 1.160E210

0.OOOE+00 O.OOOE+00

0.000E+00 0.000E+00

0.000E+00 2.580E+09

6.54OE+04 3.790E+07

1.9602+08 2.200E+09

2.780E+08 1.190E+09

o.000E+00 3.380E+C8

0.000E+00 1.070E409

.0OOOE+00 3.910E205

0.005E+00 1.040E+09

O.OOOE+00 7.170E2-

O.OOOE00 2.160.E07

0.000E+00 O.OOOE500

O.OOOE+00 3.1 10E+07

0.OOOE+00 5.870E+05

0.000E+00 1.280E+07

0.0002+00 1.990E+02

0.m00+000 1.790E+06

0.000.+00 2.100E-04

O.OOOE+00 8.9802+04

2.920E+09 1A2DE+08

1.760E+07 7.790E+06

2.680E+09 1.4302408

0.0009400 OO0OE+00

1.4302+08

9.200E+01

3590E+06

1.7002-04

5.UOE+04

1.600E+10

8.060E+07

2.390E+10

0.0000+

1.440E+08 8.1802407 4.760E+10 2.360E+08

1.890E+02 7.7702+01 780E+03 2.590E+02

4M40E+06 1.680E+08 8.2502+08 7A.002+06

3.160E-04 .1.480E-04 7.2302E03 4.840E-04

1.180E+05 5.570E5.4 1.040E+07 1.8102+05

2.630E+10 5.5402409 O.OOE+00 5.140E+09

2.220E208 1.430E+08 O.OOE+00 1.180E+08

2.290E+10 3.380E+09 O.OOOE+00 7.460+209

O.OoOE+00 0.000E+00 0.000E+00 0.000E+00
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Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
CHILD

(n2*mrem/yr per uCVsec)

Nuclide

BA-139

EA-140

BA-141

BA-142

LMr4O

LA-142

CE-141

CE-143

CE-144

PR-143

PR-1"

ND-147

EU4I64

EU-155

W-187. NP-239

Bone Liver

5.110E-02 2.730E-05

2.770D+08 2.430E205

C.000E+00 0.000E+00

0.0002E00 O.OOOE+00

3.230E+03 1.130E+03

2.320E-04 7.400E-05

6.350E+05 3.260E+05

1.730E+03 9.380E+05

1.2702E408 3.980DE407

1.480E+05 4.460E+C4

0.000E+O O.COOE+00

7.160E+04 5.80OE+04

1.660E+08 I.500E+07

3.440E+07 2A480E+06

6.470E+04 3.830E+04

.550E+03 1.B30E+02

Tbody ThYroid Kldney Lung

1.480E-03 .OOOE+*00 2.380oE05 1.610E-05

1.620E407 0.000E+00 7.900E+04 1.450E+05

O.O00E+00 O.OOOE+OO O.OOOE+00 O.OOOE+00

O.0D0E+00 0.000E+0 0.000E+00 0.000E+00

3.810E+02 O.OOOE+00 O.OOOE+0 0.000E+00

2.320E-05 O.OOOE+00 0.000E+00 O.OOOE+00

4.840E+04 O.OOOE+00 1.430E+05 0.000E+00

1.360E+02 O.O0OE+00 3.930E+02 O.OOOE+00

6.780E+06 O.OOE+00 2.210E+07 0.000E+00

7.3702+03 0.OOOEO00 2.41IE+04 O.OOOE+00

0.000E+00 O.OOOE+00 0.0002E00 0.000E+00

4.490E+03 0.000E+00 3.180E+04 O.OOOE+00

1.370E+07 0.000E+00 6.570E407 0.0000E+0

1.940E+06 0.OOOE+00 9.230E06 0.COOE+00

1.720E+04 O.OOOE+000 0.000E00 O.OOOE+00

1.290E+02 O.OOOE+000 .3002E02 O.OOOE.00

Gitract

2.950E+00

1.400E+08

0.000E+00

0.0002E00

3.ISOE+07

1.470E+01

4.070E208

1.370E+07

1.040E+10

1.600E+08

O.OOO+00

9.U4E+07

3.480E+09

6200E+09

6.380E+06

1.360E+07

.-
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Attachment 12
Gaseous Effluent Pathway Dose Factors

VEGETATION DOSE FACTORS
INFANT

(tnrmrwmyr per uCUsec)

Nuclde son Livor Tbody Thyroid lKdney Lung Gi-act

THMS PATHWAY IS NOT APPUCABLE

TABLE INTENTIONALLY LEFT BLANK
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Attachment 12
Gaseous Effluent Pathway Dose Factors

GROUND PLANE DOSE FACTORS
ADULT

(m2*rnremnyr per uCIlsec)

Nuclide Bone Liver TBody Thyroid Kidney Lung Gibact

THIS PATHWAY IS NOT APPLICABLE

TABLE INTENTIONALLY LEFT BLANK
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Gaseous Effluent Pathway Dose Factors

GROUND PLANE DOSE FACTORS
TEEN

(m2*mremryr per uCIsec)

Nucld* Bonm Lver Thody Thymoid Kidney Lung Gitract

H--3

0-14

NA.24

P-32

OR-51

MN-54

MN-58

FS-55

P5-59

00.58

00-60

N"63

NM-5

CU.84

ZN-OS

ZN469

BR-8s
BR-84

BR-85

RBI-86

RB-Ba

RB3-8Q

SR-89

SR-SO

SR-S1

SR-92

Y-90

Y-9IM

Y-9l

Y-92

Y-93

ZR-95

zR-97

NM-5

0.000E+00 0.000E+00 0.000E+00

0.00050E+ O.000E+00 0.000E+00

1210E+07 1210E507 1.210E+07

O.OOOE+W O.OOOE+00 0.000E+00

4.BME+06 4.B80E+08 4.60E+06

1.340E+09 1.340E+09 1.340E+09

9.050E+05 9.050E+05 9.050E+05

O.OOOE+00 0.000E+00 O.O+00

Z750E408 2750E+08 2750E+08

3.820E+08 3.820E+08 3.820E+08

.160E+10 Z10E+10 2.1605+10

O.OOOE400 O.OOOE+000 0.000E00

2.970E+05 2.970+05 2.90+05

6.090E205 &090E+50 6.090E406

7.450E508 7?A50+08 7.4WE008

0.0000E+0 O.0E+00 0.000E00

4.890E 03 4.890E+03 4.890E+03

2.030E+05 Z0302+05 2.030E+05

0.000E+0 0.0002+00 0.OOOE+00

8805E+06 8.9802+08 8.980M408

&290E+04 3.290E+04 3M0E+04

1210E+05 1.210O+05 1.210E+05

2160E+04 2t180E+04 2105E+04

O.OOOE+00 O.OOOE+00 O.OOOE+00

Z19DE408 2.190E+08 2190E+08

7.770E+05 7.770E+05 7.7700E+5

4.480E+03 4.480E403 4.480E+03

1.010E+05 1.010E+05 1.010E+05

1.080E+08 t.080E+06 1.0809+05

1.800E+05 1.800E505 1.800E+05

1.BSE0+05 1.850E+05 1.850E+05

2.45E+05 2.4805+08 2.480E+08

±940E+08 2.9400 29405E+08

1.380E+208 .380E+08 1.380DE08

0.000E+00 0.0005E00 O.OOOE+00

.00E+500 0.0005E00 0.0005+00

1.210E+07 1.210E+07 1.210E+07

0.000E+00 O.OOOE+00 0.0005+00

4.680E+06 4.680E+06 4.680E+08

1.3 E+09 1.340E+09 1.340E+09

9.050E+05 9.0505+05 9.050E+05

0.000E+00 0.000E+00 0.000E+00

2.750E+08 ±750E+08 2750E+08

3.820E+08 3.820208 3.820E+08

2.160E+10 2.180E+10 2.18E+10

O.OOOE+00 O.OOOE+00 O.O0E+00

2.970E+05 2.970E+05 2.970E+05

L090E+05 6.090E+05 6.090E+05

7.450E 7.450E+08 7.450A+08

0.000E+00 0.000E400 0.005E+00

4.890E+03 4.890E+03 4650E+03

2.030E405 2.0302E05 2030E+05

0.000E+00 0.000E+00 0.000E+00

I.980E+08 8.980E+08 &980E+5+

&2905404 3.E+04 32E+04

1.210E505 1.210E+05 1.210E+05

2.180E+04 2.180E+04 2.180E+04

0.000E+00 O.OE0+00 O.OOCE+00

2.190E+08 2.1905+08 2.190E+08

7.770E+50 7.770E+05 7.770E+05

4A80E+03 4.480E+03 4.480E+03

1.OtOE+05 1.010E+05 1.0105+06

1.080E+08 1.080E406 1.080+08

1.800E+05 1.8005+05 1.800E+05

1.850E+05 1.850E+05 1.8501405

2480E+08 2480E408 2A80E+08

2.940E+06 2.9404.08 2.940E+0O

1.360E+08 1.360E+08 1.300E+08

O.OOOE00

0.0OOE+00

1.210E+07

0.000E+00

4.680E+08

1.340E+09

9.090E+05

O.OOOE+00

2.75OE+08

3.2E+40

2.160E+10

O.OOOE+00

2OE+05

8.090E+05

7.40E+0

D.000E400

490E+03

2.03QE+05

O.OOOE+00

8.980E+08

3290E+04

1.210E+05

2.160E+04

0.000E+00

2190E40

7.770E+05

4M80E+03

1.010E405

1.08JE+06

1.800E+05

1.850E+05

2480E508

Z940E+08

1.360E+08

0
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Attachment 12
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GROUND PLANE DOSE FACTORS
TEEN

(m2*mremlyr per uCIsec)

Nucilde

MO-G9

TC-99M

TC-101

RU-103

RU-105

RU-106

RH-I103M

RH-I106

AG41bM

66-122

TE-125M

TE-127M

TE-127'

TE-12DM. TE-129
TE-131M

TE-131

TE-132

5-130

1-131

1-132

14133

5-134

1-135

CS-I134

CS-I136

CS-137

CS-138

BA-139

BA-140

BA-141

BA-142

Bone Lver

4.050E+06 4.050E+06

1.830E+05 1.830E205

2.040E.04 2.040E+04

.09024E0 1.090E+08

6.360E+05 6.360E+05

4210E208 4.210E+08

0.000E+00 O.OOOE+00

O.OOOE+00 O.OOOE000

3.470E+09 3.470E209

1.070E+07 1.070E+07

1.50E+06 1.550E+06

9.170E+04 9.170E+04

3.000E403 3.000E+03

2.000E+07 2.000E+07

2.600E404 2.600E+04

.030E+06 6L030E+06

2.930E204 2.930E+04

4.220E+06 4220E+06

6530E406 5.530E+06

1.720E+07 1.720E+07

1.240E406 1.240E+06

2.470E+06 2A7OE+06

4.490E+05 4A90E+05

2.560E+06 2.560E+06

B750E+09 8.750E+09

1.40E+.8 1A9OE+08

1.040E210 1.040E210

3.590E+05 3.590E+05

1.XOE+06 1.06E+05

2.050E+07 2.050E+07

4.180E+04 4.180E204

4.490E+04 4.490E+04

Tbody Thyroid

4.050E+06 4.050E206

1.30+E05 1830E+05

2.040E+04 2.040E+04

1.90E+08 1.090E+08

6.360E+05 6360E+05

4210E+08 4.210E+08

O.OOOE+00 O000+00

O.OOOE+000 0.000E+0

3.470E+09 . 3.470E+09

1.070E+07 1.0?0E+07

1550E406 1550E+06

9.170E+04 9.170E*04

3.000E+03 3.000E+03

2.0C0E0r7 2000E+07

2.600E+04 2600E+04

8.030E+06 8.030E+06

2.930E+04 2.930E+04

4.220E+06 4.220DE06

5.530E+06 5.530E+06

1.720DE07 1.720E+07

1.240E+06 1.240E+06

2.470E+06 2470E+06

4.490E+05 .4.490E205

2.660E+06 25E+06

6750E+09 6.750E+09

1.490E408 1A90E+08

1.040E+10 1.040E+10

3.590E+05 3.590E405

1.060E+05 1.06DE+05

2.050E+07 0502E+07

4.180E+04 4.180E+04

4.490E+04 4A90E+04

lIdney

4.060E+06

t.830E+05

2.040E+04

1.090E408

6.3604+05

4210E+08

0.000E+00

0.0000E+0

3A70E+09

1.070E+07

1.550E+06

9.170E+04

3.000E+03

2.OE+07

2.600E+04

8.030E+06

.930E+04

4.220E+06

6.530E+06

1.720E+07

1.240E+06

2470E206

4.490E+05

2.S60E406

6.750E+09

1.4902+08

1.040E+10

3.590E+05

1.060E+05

2050E+07

4.180E+04

4.490E+04

LLMZ

4.05CE+06

1.830E+05

2.040E+04

1.090E208

6.360E+05

4.210E*08

O.OOOE+00

O.OOOE+00

3470E+09

1.070E+07

1.650E+06

9.170E+04

3.000E+03

2.000E+07

2600E+04

8.030E+06

2.930E+04

4.220E+06

5.530E+05

1.720E+07

1.240E+06

2.470E+08

4.490E205

2.580+06

6.750E+09

1k90.E08

1.040E+1O

3.590E+05

1.060E+05

2.050E+07

4.180E+04

4.490E*04

Gitract

4.050E+06

1.30E+05

2.040E+04

1.09OE+08

6.360E+05

4210E+08

0.0000E+0

O.0OE+00

3.470E+09

1.070E+07

1.5502+06

9.170E404

3.000E+03

2.000E+07

2.600E+04

8.030E+06

2.930E+

4220E+06

6.530E+06

1.720E+07

1240E206

2.470E+06

4.490E+05

2.560E406

6.750E+09

1.490E+0O

1.040E+10

.590E+05

1.060E+05

2050E+07

4.1804E04

4A90E+04
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Gaseous Effluent Pathway Dose Factors

GROUND PLANE DOSE FACTORS
TEEN

(m2*mremlyr per uCVsec)

Mucilde sonm Uver Thody Thyroid l(Idney Luns Igumni
Thyroid Kidnav Luna '�Itr�i

LA-140

LA-i142

CE-141

CE-i143

CE-144

PR-143

PR-144

ND-i147

ELI-154

EU 156

W-187

NP-239

1.9109+07 1.9tOE+07 1.91GE+07 1.910E+07

7.380E+05 7.360E+05 7.360E+05 7.360245

1.360E+07 1.360E+07 1.360E407 1.360E+07

2.320E+08 2.320E+08 2.3202E06 ZZ02+06

8.950E+07 .950E+07 6.950E+07 .950E+07

O.OOOE+00 O.OOE+00 O.00E200 0.0002E00

1.8E+03 1.830E,403 1.830+03 1.83E003

&4002+08 8A400E+0B 8.400e+.0 8.400E408

Z700E+10 27002E10 2.700E+10 Z700E+10

9.570E058 9.570E+08 9.570E+08 9.570E+0A

2360E+08 3BOEi0 23E808 2.38E00

1.7102+06 1.710E+50 1.710E+06 1.710E+06

1.910E07 1.910E207 * ia10207

7.3602+05 7.360E+05 7.380E+05

1 .3806+07 1.36E0207 1.300E240

2.320E08 2.2=E+04 2M202E

6.950E+07 8950E+07 3.90E+07

0.00000E+ 0.000E.00 0.0002.00

1.832+03 1.3E+03 1.8003

&400E+.05 840E+00 8400E+.0

2.700E210 2700Eo10 27002O10

9.570E+08 9.570E+08 9.5702.08

2.380E+0B 2.360E+.08 23805+40

1.710E406 1.710E+06 1.710E+0
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GROUND PLANE DOSE FACTORS
CHILD

(m2*mrern/yr per uCisec)

Nudlide

C-14

NA-24
P-32

CR-51
MN-54

MN-56
FE-85
FE-5B

00-60

NM-8

NI-OS

CU-84. ZN-65
0 ZN-69

BR-83

BR-84
DR-85

RB-86

RB-88

RZ-89
SRR89

SR-GO
SR-SI

SR-92

y-Go

Y-91M

y-91

Y-92

Y-93

ZR-95
ZR-97

Bone Liver

0.000E+00 0.000E+00

0.00015+00 0.000E+00

1.210E+07 1.210E+07

0.000E400 O:OCOE+OO

4.680E+06 4.680E+06

1.340E+09 1.340E+09

9.050WE05 9.050E+W0

O.OOOE+O0 O.OOOE+00

2.750E+OB 2.750E*OS

3.820E+08 3.R20E+08

2.160E+10 2.160E+10

0.000E+OO 0.0002+00

2.970E+05 2.970E+05

6.MOE+05 6.090s2405

7.450E+08 7.450E+08

O.OOOE+00 O.OOOE400

4.890E+03 4.890E403

2.0305+05 2.030E 05

0.000OE+00 0.000E+00

IL980E+06 8.0802406

3290E+04 3.29E+04

1.210E+05 1210E+05

2.160E+04 2160E+04

0.000E+00 O.OOOE+00

2.190E+06 2.190E406

7.77024E05 7.770E 05

4.480E+03 4A80E+03

1.010E+05 1.010E+05

1.080E+06 1.080E+06

1.8002+05 1.00DE+05

1.850E+05 1.85E+05

2480E+08 2.480E+06

2940E+06 2.940E206

ITbody

0.OOQE+00

O.OOOE+00

1.210E+07

0.000E+00

4.6806+06

1.340E+09

9.0502+05

0.000E+00

2.750E+08

&820E+08

2160E+10

0.0002E00

2.970E+05

6.0902E+05

7.450E+08

0.000E+00

4.890E+03

2.030E+05

0.000E+00

8.9802+06

3.290E+04

1210E+05

2.160E+04

O.OOOE200

2.190E+06

7.770E+05

4.480E+03

1.010E+05

1.080E+06

1.80WE+05

1.850E+05

2.480E+08

2.940E+06

Thyreld

O.OOE500

O.OOOE+00

1.210E+07

0.000E+00

4.680E+06

1.340E+09

9.050E+05

O.OOOE+00

2J50E+08

3.820E+08

2.160E+10

0.000E+0O

2.970E+05

6.090E+05

7450E+08

O.OOE500

4.890E+03

2030E+05

O.OOOE+00

8980E+06

3.290E+04

1.210E+05

2.160E+04

.00OOE400

2.1905E06

7.70E+05

4A80E*03

1.010E+05

1.060E+06

1.8002+05

1.850E+05

2.480E508

2940E+06

Kidney

O.OOOE+00

0.OOOE.00

1.210E+07

0.000E+00

4.680E+06

1.340E+09

9.0502+05

O.OOOE+00

2.750E+08

3.820E+08

2.1605+10

0.0002+00

2.970E+05

6.090E205

7.450E+08

0O.O0E+00

4.890E403

2.030E+05

O.OOOE+00

8.980E+06

3S2905+04

1210E+05

2.160E+04

0.OE00

2.190E+06

T.770E+05

4.480E+03

1.010E+05

1.080E+06

1.800E+05

1.850 5

2.480E+08

2.940E+06

Lung Gitract

O.OW0E+00 Q.OOOE+00

0.0000E+0 O.OOOE+0 O

1.210E+07 1.210E+07

O.OOOE+00 0.000E400

4.680E+06 4.680E+06

1.340E+09 1.340E+09

9.050E+05 9.050E205

0.0005E00 0.000E+W0

2.750E+08 2.750E+08

3.820E+08 3.820E+08

2.1.60E+10 2.160E210

0.0002+00 O.OOOE+00

2.970E+05 2.970E+05

6.090E+05 6.0905405

7.450E+08 7.450E+08

0.0002+00 0.000E400

4.8901203 4.890E+03

2.030E+05 2.030E+05

O.OOE+00 O.OOOE+00

&980E206 8.980E+06

3290E2404 32W90E+04

1210E+05 1.210E+05

2.160E+04 2.160E+04

0.0002E00 0.000E+00

21S9E+06 2.190E+06

7.770E505 77705+05

4.480E+03 4A40E+03

1.0102+05 1.010E+05

1.080DE06 1.080E+06

1.800E+05 1.R00E+05

1.853E+05 1.850E+05

2.480E+08 2.480E+08

2.940E+06 Z940E+06
N"s 1.360E+08 I -qwE+08 1260E+06 ' 1.360E+DB NB-95 1.302408 1.802.08 13602408 .3802+08 1.3002+08 1.360E+06 1.360E+00
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GROUND PLANE DOSE FACTORS
CHILD

(m2*mramlyr per uCVsec)

Nucilde Bono Uver Tbody Thyroid Kidney Lung Oltract

MO-99

TC-SOM

*1*0101

RU-I103

;AU-10s

RUI-10S

RH-l03M

RH4-106

AG-I110M

SO-122

TE-125M

TS-127M

TE-127

TE-429M. TE-1 29
TE-A3M

TE-131

TE-132

11-130

1-131

1,432

1-133

1-134

1-135

CS-I134

CS-138

CS-137

CS 138

BA4139

BA-140

BA-141

RA-142

LA-140

.d__ LA-142

4.050E+06 4.050E+06 4.050E+06

1.830E+05 1.830E+05 1.*30B05

2.0405+04 2.0405+04 2.040E+04

1.090E+08 1,090E+08 1.090E+05

8.360E+05 .360E+05 8.380E+05

4210E+08 4.210E+08 4210E+08

O.OOOE+00 0.000E400 0.000E+00

0.000E400 0.0005E00 0.000E+00

3.470E+09 3.470E+09 3.470E+09

1.070E+07 1.070E+07 1.070E+07

1.5505406 1.550E+06 1.550E+08

9.1705404 9.170E+04 9.170E+04

3.00E003 &O.000+03 3.000E+03

2.000E+07 2.000E+07 2.000E+07

28005+04

8.030E+06

2930E+04

4.220E+05

5.5305+40

1.720E+07

1.240E+06

2.470E+08

4A90E+05

2.560E+08

&750E+09

A90E+03

1.040E+10

3.590E+05

1.060E+05

2.050E+07

4.180E+04

4.490E+04

1.910E+07

7.3605+05

2.600E+04 2.600E+04

.030E+O4 8.030E+08

2930E+04 2.930E+04

4220E+08 4.220+.06

5.530E+03 5.530E+06

1.720E+07 1.720E+07

12405406 1.240Z+08

2470E+08 1470E+08

4.490E+05 4A90E+05

2.5600108 2.560E+05

8.750E+09 6.750E+09

1901E+08 1.490E+05

1.040E+10 1.040E+10

3.690E+05 3.590+405

1.080E+03 1.060EI05

2.050E+07 2.050E+07

4.180E+04 4.180E+04

4A90E+04 4ASOE+04

1.910E+07 1.910+.07

7.360E+05 7.360E+05

4.050E+0O

1.E30E+05

2040E+04

1.090E408

a.3e0E+05

4.210E+08

O.0OE+00

O.W0OE+00

3A70E+09

1.070E+07

1.504E+06

9.170E+04

3.000E+03

2.00OE+07

2.800E+04

8.030E106

2.930E+04

4.220E+06

5.530E+08

1.720E+07

1.240E+05

2.470E+06

4.490E+05

2.560E+e0

75015+09

t.49E+408

1.040E+10

3.500+05

1.0B0E+05

2.050E+07

4.180E+04

4.490E+04

1.910E+07

7.302E+05

4.050E+06

1.830E+05

2±040E+04

1.090E05

.360E+05

4.210E+08

0.0005400
O.OOOE+00
0.0005400

3A70E+09

1.070E+07

1.550E406

9.17CE+04

3.000E403

2.0001407

2.6005E04

8.030E406

2.930E44

4.220E+08

5.530E508

1.720E+07

1.240E*CB

2A70E405

4A90E+05

2580E+08

6.750E409

1.490D408

1.040E10

4.050E+08

1.830E+05

2.040E204

1.090E408

6.3802+05

4.210E408

0.000E400

O.OOOE+00

3.470E409

1.070E+07

1.550_406

9.170E+04

3.000E403

2.000E407

2.600E404

8.030E+06

2.903+04

4.220E409

.5305E08

1.72CE+07

1240E506

2.470=+03

4A90E+05

2.6602+06

&750E+09

1.490E+40

1.040E+10

4.050E+06

1.830E+05

2.040E+04

1.090+308

6.3605+05

4.210E+08

O.0OE500

O.OOOE+00

3.470E+09

1.070E+07

1.504E+0

9170E404

3.000+03

2.0001+07

26005+04

8.030E+03

2.930=+04

4.220E+08

5.530E+06

1.720E+07

1.240E405

2.470E406

4.490E+05

±560E+08

6.750E+09

1.4907+08

1.040'+10

3.5905+05

1.060E+05

2.00E+07

4.180E104

4.490E+04

1.9101+07

7.380r+05

I

3.590E+05 3.590E+05

1.0S0E+05 1.0SOE05

2.050E+07 2.050C+07

4.180E+04 4.180E104

4.490E+04 4.490E+04

1.910E+07 1.910E+07

7.360E+05 7.360E+05
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GReOUND PLANE DOSE FACTORS
CHILD

(m2*mrerlyr per uCVsec)

Nuclide Bone Liver Tbody Thyroid lKdney Lung Gltract

CE-141 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E24.7

CE-143 2.320E+06 2.320E+06 2.320E+06 2.320E+06 2.320E+06 2.320E+06 2.320E+06

CE-144 6.950E+07 6.tSOE+07 6.950E207 6.950E+07' 6.50E+07 6.950E+07 6.950E+07

PR-143 O.OOOE+00 0.000E+00 O.OOOE002 O.OOOE.+00 O0OE000 O.OOOE00 0.000E.00

PR-144 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E203 1.830E+03 1.830E.03

ND-147 8AOOE+06 8.400E206 6.4002.06 8.400A+06 +.400E+06 8.400E+06 8.AOE+06

EU-154 2.700E210 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2700E+10 2.700210

EU-155 9.570E+08 9.570E+06 9.570E208 9.570E+08 9.570E+OB 9.570E+08 9.570E+08

W-187 2.360E+06 2.3B0E+06 2.360E+2 2.36m+06 2.3602+06 2.360E+06 2.360E206

NP-239 1.710E406 1.710E+0B 1.710E+06 1.710E+06 1.710E206 1.7102+06 1.710E+06

0
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GROUND PLANE DOSE FACTORS
INFANT

(m2*mremlyr per uCilsec)

Nudilde

H-3

C.14

NA-24

P-32

CR-S

MN-54

MN-55

F2-55

FE-59

co-5O
co-sO
NM-6

NI-e5

CUL64.ZN-85
ZN-89

SR-83

BR-84
BR-5

RS-86

RB-68

RB-82

SR-89

SR-90

SR-Si
SR-92

Y'-90

Y-91M

v-el

Y-92

Y.93
ZR-95

ZR-97

Son*

O.OOOE+00

0.0O0O+00

1210E+07

0.0000E+0

4.680E508

1.340E+09

9.050E+05

0.0004+00

2.750E+08

3.820E+08

2.160E+10

0.000E+00

2.970E+05

6.090E+05

7.450E+40

o.OOOE+00

4.890E503

2.030E+05

0.000E+00

8.980E+05

3.290E+04

1.210E+05

2.1B0+04

0.000E+00

2.190E+0O

7.770E+05

4A80E+03

1.010E+05

1.080£+0B

1.300E+05

1.850E+05

2.4805408

2.940E+06

Liver Tbody Thyrold kidney Lung Gltract

0.000E40 0.0005+00

O.OOOE+00 O.OOOEl00

1.210E+07 1.210E407

a.OOoE+OO 0.OOOE+00

4.880E+0C 4.680E+06

1.340E+09 1.340E*09

9.050Et05 9.0502+05

0.002.00 0.OOOE+00

2.750E+08 2.750E+08

3820E+08 3.82.+208

2.160E+tO 2.160E+10

0.000Z+00 0.000EO0

2.970E+05 ±970E+05

&090E+05 8.090E+0S

7A50E+08 7.450E+08

0.000+00 O.OOOE+00

4.890E+03 4.8902+03

2.030E+05 2.030E+05

0.000E+00 0.000E+00

8.980E06 8.984E+0

3.290E+04 3.290E+04

1210E+05 1.210E+05

2.160E*04 2.160E+04

0.000E+00 0.000E+O0

2.190E405 2.190E+08

7.7702+05 7.770E+05

4A80E+03 4A80E+03

1.010£+05 1.010E+05

1.080E+08 1.0804E+0

1.800E+05 1.800E+05

1.850E5+06 .8S5E+00

2.480E+0 2.480E+08

2.940E+06 2.940E+06

O.OOOE+000 0.000E+00 0.000E+0

0.000E+00 0.0002+00 O.OOOE+00

1.210E+07 1.210E+07 1.210E+07

0.0002E00 O.OOOE+00 O.OOOE+00

4.680E+0 4.680OE50 4.680E+0B

1.340E+09 4.3402409 1.340E409

9.050E+05 9.0502+05 9.050E+05

0.000E+00 O.OOOE+00 0.0000E+0

2.750E+08 2.7502+08 2.750E+08

3.820E+08 3.820E+08 8204E+0

2.180E+10 2.160E+10 2.180E+10

0.0000E+0 0.000E400 0.00054E4

2.970E+05 2.9702+05 .970E+05

8.090E+05 S.090E+05 8.090E+05

7A.4E+08 7.450E408 7A50E+08

O.OOOE+00 O.OOOE+OO 0.0005E00

4.890E+03 4.890E+03 4.8CE+03

2030E+05 ±0302+05 2.030E+05

0.000E+00 0.000+00 0.000E+00

8.980+06 &9806+08 8.98E+08

&290E+04 3.290E+04 3.290E+04

1.210E+05 1.210E+05 1210E+05

2160E+04 2.160E+04 2.1S0E+04

0.000E+00 O.OOE+00 O.OOOE+00

2.190E+08 2.1902+08 .190*O05

7.770E+05 7.7708+05 7.770E+05

4.480E+03 4.4300403 4.4802+03

1.010E+05 1.010E+05 1.010E+05

1.080E+05 1.080E+06 1.080E+08

1.800E+05 1.80CE405 1.800E+05

1.850E+05 .8S50E+06 1.850+E05

.480E+208 2.480E+08 2.480E+0O

2.940E+08 2.940E+06 2.940E+0B

O.OOdE+OO

0.000E+00

1.210E+OT

0.0002+00

4.580E+06

1.340E+09

9.050E+05

0.000E+00

2.750E+03

3.820E+08

2.1B0E+10

0.000E+00

2.970E+0O

6OSOE+05

7A50E+08

0.000E400

4.8902403

2.030E+08

0ooo0+00

W.9OE+06

3.290E+04

1.210E+05

2.160E+04

0.OOOE+00

2.1902'00

7.770E+05

4A802+03

1.010E+05

1.080E+05

1.800E+05

1.850E+05

2.4W0E+08

2940E+08

0
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Gaseous Effluent Pathway Dose Factors

GROUND PLANE DOSE FACTORS
INFANT

(m2*rnren/yr per uCIsec)

Nucide

NS-95

MO-99

TC-99M

TC-I10

RU-t03

RU-105

RlJL106

RH-103M

RH-106

AG-t10M

8S-122

TE-125M

TE-127M

TE-127

TF-129M

TE-129

TE-131M

TE-131

TE-132

1-130

1-131

1-132

1-133

1-134

CS-134

CS-136

CS-137

CS- 138

BA-139

BA-140

BA-141

BA-142

Done Liver

1.ME408 1.360E+08

4.050E+06 4.050E+06

1.830E+05 1.830E+05

2.040E+04 2.040E+04

1.0902E08 1.090E+08

6.3602.05 6.360E+05

4210E+06 4.210E+08

O.OOOE+00 O.OOOE+00

O.OOOE+00 0.OOOE+00

3.470E+09 3ATOE+09

1.070E+07 1.070E+07

1.550E+06 1550E+06

9.170E404 9.170E+04

3.000E+03 3.0002+03

2.000E407 2.000E+07

2.600E+04 2600E+04

8.030E+06 &030E206

2.930E+04 2930E+04

4.220E406 4.220E+06

5.530E+06 5.530E+06

1.720E+07 1.720E+07

1.240E+06 1.240E+06

2.470E+05 2A70E+06

4A90E405 4.490E+05

2.560E406 2560E+06

e.750E+09 6.760E+09

1A490E+08 1490E24S

1.040E+10 1.040E+10

3.90E+05 3.590E+05

1.060E+05 1.060E+0O

2.050E+07 2.050E+07

4.180E+04 4.180E+04

4.490E204 4.490E+04

Tbody Thyrold

1.30E+08 1.360E+08

4.050E+06 4.050E+06

1.830E+05 1.830E+05

2.040E+04 2.040E+04

1.090E+08 1.090E+08

6.360E+05 6.3S0£+05

4.210E+08 4.210E+08

0.000E+00 0.000E+00

O.OOOE+00 0.000E+00

3A70E+09 9A70E+09

1.070E+07 1.070E+07

1.550E+08 1.550E+20

9.170E+04 0.170E+04

3.000E+03 3.000E+03

2.000E+07 2.000E+07

2.600E+04 2.600E+04

8.030E+06 8.030E+06

2.930E+04 2.930E+04

4220E+06 4.220E+06

5.S30E+06 S.530E+06

1.720E+07 1.720E+07

1.240E+06 1.240E+06

2.470E+06 2A.70E+06

4.400E+05 4.490+E05

2.560E+06 2.560E206

6.750E09 6.750E+09

1.490E+08 1.490E+08

1.040E+10 1.040E+10

3.590E+05 3.590E+05

1.060E205 1.060E+05

2.05OE.07 2.050E+07

4.180E+04 4.1e0E+04

4.49024 4.S0E+04

* Kidney

1.360E+08

4.050E+06

1.830E205

2.040E204

1.0902.08

O.3605+05

4.210E+08

0.000E+00

0.000E+00

3.470E+09

1.070E+07

1.550E+06

9.170E+04

3.OOOE+03

2.000E207

2.600E+04

8.030E+06

2.930E+04

4.220E+06

5.530E+06

1.720E+07

1.240E+06

2.470E+06

4A90E+5

2.60E+06

6.750E+09

1.490E+08

1.04GE410

3.590E+05

1.060E+05

2.050E+07

4.180E+04

4A9OE+04

Lung Gltract

1.3604+08 1.360E+08

4.060E+06 4.050E+06

1.830E+05 1.830E+05

2.040E404 2.040E+04

1.090E+08 1.090E+08

6.360E+06 6.360E+05

4.210E+08 4.210E+08

0.000+400 0.00E2+00

0.0005+0 O.OOOE00

9.470E+09 3.470E209

1.070E+07 1.070E+07

1.550E406 1.550E+06

6.170E+04 9.170E+04

3.000E+03 3.000E+03

2.000E+07 2.DDOE+07

2.600E+04 2.600E+04

8.030+E06 8.030E+06

Z930E404 2930E+04

4.220E+06 4.220E+06

5.530E406 C.530E+06

1.720E+07 1.720E+07

1.240E+06 1.240E+06

2.470E+06 2.470E+06

4A90E+05 4A49O2+05

2.560E+06 2.580E+06

6.750E409 6750E+0O

1.90E+08 1490E+08

1.040E+10 1.040E210

3.590E+05 3.590E+05

1.06SE+05 1.060E+05

2.050E+07 2.050E+07

4.180+04 4.180E+04

4A4E0+04 4.490E.04
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GROUND PLANE DOSE FACTORS
INFANT

(m2*mremlyr per uCltsec)

NudIde Bone lver Tbody Thyroid Kidney Lung Gltract
LA-140 l.910E+07 1.910E407 1.910DE+7 1.glOE+07 1.910E407 1.g10E207 1.910E+07
LA-142 7.360E+05 7.360E405 7860E+05 7.380E+05 7.360E+05 7M3CE+05 .7.360E+05
CE-141 1.3802+07 1.360E+07 1.360E+07 1.380E+07 1.380E+07 1.360E+07 1.360E+07
CE-143 2.320E+06 2.320E+06 2.320E+08 2.320E4+8 2.320E206 2320E+0O 2.320E+08
CE-144 .952E+07 6.950E+07 5.950E+07 B950E+07 6.950E+07 B.950E+07 6.950E+07
PR-143 0.000e+00 O.OOOE+00 0o.00+00 O.OOOE+00 O.0OE+00 O.OE+00 O.OOOE+00
PR-144 1.830E+03 1.I30E+03 1.830E+03 1.830E.03 1.830E+03 1.830E+03 1.830E+03
ND-147 8AOOE+OB &400E+06 8.400E+08 .400E+04 8.400E+06 8.A00E08 8.400£+08
ELL134 2.7002+10 .700E+10 2.700E+10 2.700E+10 2.700E+10 Z700E+10 2.700E+10
Ell-155 9.5702408 9570E+08 9.570E208 9.570E+08 9.570E+08 9.570E+08 9.570E+08
W-187 2.3602+08 2.300E+08 2.36E+08 2.3502E08 2.380E+08 2360E+06 2.380E+08
NP-239 1.710E+40 1.710E+08 1.710E+08 1.710E+06 1.7102+08 1.7102+08 1.710E+08

S
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Attachment 12
Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
ADULT

(mrem/yr per uCitm3)

Nuclide

K13

C-14

NA-24

P-32

CR-SI

MN-54

MN-5B

FE-65

FE.59

CO-57

CO-so

NI-60

NI-65S CIJ-64
ZN-65

ZI1-69

BR-82

BR-83

SR-84

BR-85

RB-88
RB-88

RB3-89

SR-SO

SR-90

SR-91

SR-92

Y-O0

Y-91M

Y-91

Y-92

Y-Q3

Bone
Q.OOOE+00

1.820E+04

1.020E+04

1.320E+06

0.000E+00

0000E+00

0.000E+00

2.460E+04

1.180E+04

Uver Tbody

1260E+03 1.260E+03

3.410E+03 &410E+03

1.020E+04 1.020E+04

7.710E+04 .010E+04

0.000E+00 1.000E+02

3.S50E+04 6.300E+03

1.240E+00 1.830E-01

1.700E+04 3.940E+03

Z780E+04 1.060E+04

0.000E+00 6.920E+02

0.000E+00 1.580E+03

0.000E+00 1.150E+04

4.320E+05 3.140E+04

1.540E+00 2.100E-01

Q.OOOE+00 1.460E+00

3.240E+04 1.030E+05

3.S80E-02 6.510E-02

0.000E+00, 0.000E00

O.OooE+00 O.OOOE+00

0.000E+00 O.OOOE 00

0.OOOE+00 O.OOOE+00

O.OOOE+00 1.350E+05

0.000E400 3.970E+02

0.000E+00 2.560E+02

3.040E+05 O.OOOE+00

9.S20E+07 0.000E+00

6.190E+01 O.OOOE+00

6.740E+00 O.OOOE+00

2.090E+03 O.OOOE+00

2.610E-01 0.000E+00

4.620E+05 O.OOOE+OO

1.0304E01 0.000E+00

9.440E+01 0.000E00

6.10E+02

2.070E+03

1.480E+04

1450E+04

9.120DE02

6.160E-01

4.660E+04

4.520E-03

t.350E+04

2.410E202

3.130E+02

1.280E401

5.900E+04

1.9302402

1.700E+02

V20E*03

6.100E+06

2.500E+00

2.910E-01

6610E+01

1.020E-02

1240E+04

3.020E-01

2.610E+00

Thyroid

1.260E+03

3A10E+03

1.020E 04

0.000E+00

5.950E+01

O.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

0,000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+O

0.000E+00

O.OOOE+00

0.000E+00

0.0002+00

0.000E+00

0.000E+00

O.OOOE+04

O.OOOE+00

O.WOE+00

O.O0E+00

0.000E+00

0.000E+00

0.000£+00

O.OOOE+00

O.OOOE+00

Kidney

1260E+03

3A10E+03

1.020E+04

0.000E+00

2.250E+01

9.640E+03

1.300E+00

O.OOOE+00

O.OOOE+OO

0.000E+W0

.000E+00

0.OOOE+00

0.000E+00

0.000E+00

4.620E+00

6900E+04

4.220E-02

0.0000E+0

0.000E+00

0.000E+00

0.0000E+0

0.000E+00

0000E+00

0.000E+00

.OOOE+00

0.000E+00

Q.OOOE+00

o.OOOE+00

0.000E+00

O.0OE+00

O.OOOE+00

0.000E+00

O.OOOE+OO

LWn

1.260E+03

3A10E+03

1.020E+04

0.000E+00

1.440E+04

1.4WE+06

8A40E+03

7.210E+04

1.020E+06

3.700E+05

9.2BOE+05

5.970E+06

1.780E+05

5.600E+03

6.780E+03

8.640E+05

9200E+02

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

0.OOOE2OO

0.000E+00

0.000E+00

1.400E+06

9.600E+06

3.650E+04

1A650E+04

1.700E205

1.920E+03

1.700E+06

1570E+04

4.850E+04

Gtrmct

1.260E+03

3A10E+03

1.020E+04

8.640E+04

3.320E+03

7.740E+04

2.020E+04

6.030E+03

1.880E+05

3.140E+04

1.060E+05

2850E+05

1.340E+04

1.230E+04

4.S00E+04

5.340E+04

1.630E+01

1.040E+04

2.320E+02

1.640E-03

O.OOOE+00

1.660E+04

3.340--09

0.000E+00

3500E+05

7.220E+05

1.I10E+05

4.300E+04

5.060E+05

1.330E+00

3.850E+05

7.350E+04

4.220E+05

-
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Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
ADULT

(mramlyr per uCVm3)

Nuolide

ZR-95

ZR-97

NB-95

NB-97

MO-99

TC-99M

TC-I0I

RU-I103

RUJ-105

RU-105

RH.103M

RH-10S

AG-11OM

SB-122O SB-124
S8-125

TE-I125M

TE-127M

TE10I2

TE-129M

TE-129

TE-I31M

TE-131

TE-132
1-130
1-131

1-132
1-133
1-134
1-135

CS-134
CS.136

CS-t37

CS-I 38

Bons

1.070E+05

9.680E+01

1.410E4+0

2220E-01

0.000E400

1.030E-03

4.130E-05

1.530E403

7.900E-01

6.9102404

0.000E400

O.O0E+00

T.080E+04

3.100E+03

3.120E+04

5.340E104

3.420E+03

1.280E+04

1 A4E000

9.760E+03

4.980E-02

8.990E+01

1.110E-02

2.80E+02

4.802E+03

2.520E404

1.160E+03

8.840E403

&4405402

2.6802E03

3.7301+05

3.900E+04

4.780E405

3.3101E0

LUvar Tbody

3.440E204 2.330E+04

1.960E+01 9.040E+00O

7.820E+03 4.210E203

5.620E-02 2.0502-02

1.2101+02 2.300E+01

2.910E-03 3.700E-02

8.020E-05 5.900E-04

0.oo0E+00 6.580E+02

0.OOOE+00 3.110E-01

O.OOOE+00 8.720E+03

O.OOOE+000 0OOOE+00

o.o0E+00 0.OOOE+00

1.000E+04 5.940E103

4.1101E03 4.110E+04

5.890E+02 1240E+04

5.9sOE+02 1.260E+04

1.580E+03 4.870E+02

5.770E+03 1.570E+03

&42-01 3.100E01

4.870E+03 1.580E+03

2390E-02 1.240E.02

4.360E+01 2.900E+01

5.950E103 3.590E.03

2.150E+02 1.920E+02

1.340E+04 5.280E+03

3.50E404 2050E+04

3.260E+03 1.160E+03

1.A4E004 4.520E+03

1.730E+03 &150E+02

6.980E+03 2.570E+03

&480E+10 7.280E+05

1A80E+05 1.100E+05

6.210E+05 4.280E+05

8.210E+02 3.240E+02

Throld

0.000E+00

O.OOOE+00

0.000E400

0.OOOE+00

0.002E+00

0.000E+00

0.000E400

0.000E+00

0.000E+O

0.000140W

0.000QE00

0.000400

0.000E+00

1.070E103

7.5501E01

5.400E+01

1.050E+03

3.290E+03

1.050E+00

3A40E+03

3.900E-02

5.500E+01

9.80E03

t900E+02

1.140E+05

1.190E+07

1.140E+05

2.102E+06

2.980M+04

4.80E+05

0.000E+00

o.oo0E+00

0.000E+00

0.OOOE+00

Kidney

54201+04

2.970E+01

7.740E+03

8.540E-02

2.91E0402

4.420E-02

1.080E103

52830E+03

1.020E+00

1.340E+05

0.000+00

O.OOOE+00

1.970E+04

1.550E+03

0.0000E+0

O.0OOE+00

1.240E+04

4.580E+04

5.1000E+0

3fi60EC04

1.870E-01

3.090E+02
4.37DE-02

1.460E+03

2.090E+04

5.130E+04

5.180E+03

2580E+04

2.78014*03

1.110E+04

2.870E+05

8B580E+04

2.220E+05

4.840E+02

Lung

1l70E+06

7.870E+04

5.050E+05

2.400E103

9.120E+04

7.640E+02

3.990E+02

5.050E+05

1.100E+04

9.380E+08

0.000E+00

0.000E+00

4.630E+08

1.670E+05

2A.805oS0

1.740E+06

3.140E+05

9.500E+05

5510E+03

1.168E+08

1.940.E03

1.460E+05

1.3902+03

2.880E+05

7.600E+03

0.000E+00

0.000E+00

0.000E+00

0.OOE+00

0.0001+00

9.760E+04

1200E+04

7.520E+04

4.A8E+01

.

Gltact

1.50E05+5

5.230E+05

1.040E+05

2A20E+02

2480E+05

4.180E+03

o.o00E4o0

1.100E+05

4.82E+404

9.120E+05

0.000E+00

0.000E400

3.020E+05

2.020E+05

4.08E0405

1.010E+05

7.060E+04

1.500E+05

5.740E+04

3.8302+05

1.5701+02

5.5i0E405

1.8402+01

5.100E+05

0.000E+00

B.280E+03

4.060E+02

8.880E+03

1.010ED00

52505E+03

1.040a+04

1.175E+04

8.400E+03

1.880E-03

-

0
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Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
ADULT

(mremlyr per uCIm 3)

Nucillde

BA-139

BA-140

BA-141

BA.142

LA-140

LA-142

cE-141

CE-143

CE-1"

PR-143

PR4I4

'ND'147

EU-154

EUS-155. W-187
* NP-239

Bone Liver Thody

0.360E-01 6.660E504 2.740E-02

3.900E+04 4.900E+01 2.570E+03

1.000E-01 7M30E-05 3.360E-03

2.630E 02 2.700E-05 1.660DE03

3.440E+02 1.740E+02 4.580E+01

8.830E-01 3.100E201 7.720E-02

1.ssoE+04 1.350E+04 1.530E+03

1.8S0E+02 1.380E+02 1.530E+01

3.430E.06 1.430E+08 1.840E+05

9.360E+03 3.750E+03 4.640E+02

3.010E-02 1.250E02 1.530E-03

&270E+03 6.100E+03 3.650E+OZ

5.920E+06 7280E+05 5.180E+05

8.080E+05 1.140E405 7.370E+04

A480.E00 - 7.080E+00 2.480E+00

2.300E+02 2.280E401 1.240E+01

Thyrold 1idney

0.000E+00 6.220E.04

O.OOOE+00 1.670E401

0.000E+00 7.002E-05

0.oOOE+00 2.290E-05

O.WOE+00 O.OOOE+00

0.000+00 0.0000E+0

o.oooE+00 6260E+03

0.000E+00 6.O80E+01

o.ooOE+00 8.480E+05

O.WOE+00 2.160E+03

0.0002+00 7.050.E03

0.000E+00 3.560E+03

0.000E+00 3.490E+06

O.OOOE+00 5.270E+05

O.0O0E+00 O.OOOE+00

O.WOE+00 7.000E+01

Lung Gftract

3.760E+03 8.Q80E+02

1.270E+06 2.180E+05

1.940E+03 1.160E-07

1.190E+03 0.000E+00

1.360E+05 4.580E+05

6.330E+03 2.110E+03

3.620E+05 1.200E+05

7.J80E+04 2.260E+05

7.780E+06 B.160E505

2.810E+05 2.WOE+05

1.020E+03 2.15SO-0O

2210E+05 1.730E+05

4.670E+06 2.720E+05

7.570E+05 4.760E+04

2.S00E+04 1.2M5E+05

3.760E+04 1.190E+05
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Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
TEEN

(mremlyr per uCIm 3)

Nuclido Bons Livr Tbody hroid Kidney Lung Gliract

H-3

C-14

NA-24

P.32

CR-51

MN-54

MN-SO

FE-55

F5-59

CO-57

CO-58
CO-80

NI-83

Nf-65.9 CLL84
Z"-O

ZN-OS

BR-a2

5 R483

BR-84

BR-85

RB-8a

RB-O

Ma-o

SR-89

SR.90

SR-91

SR-92

Y-90

Y.91 M

Y-91

Y-92

Y-93

0.000E400

2.800E+04

1.380E+04

1.890E+08

O.OOOE+00

0.000E+00

O.OOOE+00

3.340E+04

1.S9E+04

O.OOOE+00

0.000£+00

0.0005+00

5.800E+05

2.180E+00

O.OOOEtOO

3.860E+04

4.830E-02

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOE+00

O.05OE+00

0.000E+00

0.0000E+0

4.340E+05

1.080E408

&800E+01

9.520E+00

2.9805403

3.700E-01

8.610E+05

1.470E+01

1.350E+02

1270E+03 1.270E+03

4.870E+03 4.370E+03

1.380E+04 1.380E+04

1.100E405 7.160E+04

0.000E+00 1.350E+02

5.110E+04 8.400E+03

1.700E+00 2.520E-01

2.380E+04 5.540E+03

3.700E+04 1A30E+04

E.9202+02 9200E+02

2.070E+03 2780E+03

1.510E+04 1.980E+04

4.340E+04 1.980E+04

2=.4-01 12705E01

2.030E+00 8A480E01

1.340E+05 8240E+04

9.200E502 6.460E-03

0.000+00 1.820E+04

0.000E+00 3.440E+02

O.OOOE+00 4.330E+02

O.OOOE+O0 1.830E+01

1.900E+05 8.400E+04

SA60E+02 2.720E+02

3520E+02 2.330E+02

0.000E+00 1.2505.E4

0.000E+00 8.680E+06

O.OOOE+00 3.510+00

O.OOOE+00 4,080E41

O.00E+00 8.000E+01

O.OX0E+00 1.420E-02

0.000E+00 1.770E+04

0.0000E+0 4.290E4-1

O.oooE+00 3.720E+00

1.270E+03

4.870E+03

1.380E+04

0.000E+O0

7.500E+01

O.OOOE+00

O.OOOE+00

0.0000E+0

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+00

0.000S+00

0.000E+00

0.000Q+O

0.000E+00

0.000o+wO

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.OOOE+00

0.000E+00

O.OOE+00

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+00

0.0000E+0

0.0000E+0

1.270E+03. 1.270E+03

4.870E+03 4.870E+03

1.380E4 1.380+04

O.OOOE+00 0.000E+00

3.070E+01 2.1005+04

1.270E+04 1.80E+06

1.790E+00 1.520E+04

0.005E+00 1.2405405

0.0004E*0 1.530E+03

0.0005E4o 5.860E+05

O.OOOE+0 1.34E040

0.000E400 8.720E508

0.000E400 3.070E+05

O.OOOE+00 9.360E503

.4101.00 1.110E+04

&5W40E04 1.2405E+0

5.020E-02 1.580E+03

O.OOOE+00 0.OOOE+00

O.OE5 O.OOE+00

0.OOOE+00 O.OOOE00

0.0005+00 0.000E+00

0.00E0+00 O.OOOE+00

0.0000E+0 O.OOOE500

0.000E+00 0.000E+00

0.000+00 2.42DE008

0.000o+00 1i.505E07

0.000E+00 8.070E+04

O.OOOE+00 2.740E+04

0.000E+00 21930E+05

0O.OOE+O 3200E+03

O.OOOE+00 2940E+06

0.000E+00 2.680£404

O.OOOE+00 8.320E+04

1.270+03

4.8701+03

1380E+04

9.280E+04

3.000E+03

8.680E+04

5.740E+04

S.390E+03

1.7805+05

3.140E+04

9.520E+04

2.590E+05

1.420E+04

3.870E+04

8.140E+04

4.860E+04

2.850E+02

0.000E+00

0.000E+00

.0005E+00

0.000E+00

1.770E+04

2.20E-05

380E-07

3.710E+O5

T.05014+05

2590m+s5

1.190E+05

5.590E+05

3.020E+01

4.090E+05

1.660E+05

5.790E+05
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INHALATION DOSE FACTORS
TEEN

(mremlyr per uClfrm)

N=Zzcfde

ZR-95

ZR-97

NB-95

NB-97

MO-gO

TC-99M

TC-101

RLU-103

RU-105

RU-1oe

RH-103M

RH-106

AG-IIOM

88-122. S-124

SB-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

*TE-131M

TE-131

TE-132

1-130

*1-131

1-132

1-133

1-134

I-135

CS-134

cs-is

CS-I137. Cs-i3a

Bone

1.480E+05

1.380E+02

1.880E+04

3.140E-01

O.OOOE+00

1.380E-03

5.9208E06

2.100E+03

1.120E+00

9.840E+04

O.OOOE+OO

O.OOOE+00

1.380E404

3.100E+03

4.300E+04

7.380E+04

4.880E+03

1.8008404

2.010E800

1.390E+04

7.100E-02

9840E+01

1.5860E-02

3.600E+02

6.240E+03

3.#0E404

1.590E+03

1.220E+04

B.8SoE+02

3.700E+03

C.020E+05

.150E+04

Llver

4.580E204

2.720E+01

1.030E+04

7.780E-02

1.690E+02

3.860E-03

8.400E-05

O.OOOE+08

0.000+00

0.000E+O

0.000E+00

O.OOOE+00

1.310E+04

4..10E+03

7.940E+02

8.080E+02

2240E+03

8.160E+03

9.120E-01

6.580E+03

33-8-02

6.010E+01

8.320E-3

2.900E+02

1.790E+04

4.810E+04

4.380E+03

2.050E+04

2.320E+03

9.440E+03

1.130E+06

1.940E+05

Thody Thyroid Kidney Lung Gitract

3.150E+04 O.OOE+00 6.740E+04 2.690E+06 1.A90E05

1260E+01 O.OOOE+O 4.120E+01 1.300E+05 6.300E+OS

5.660E+03 0.0008E00 1.000E404 7.510E+05 9.680E+04

2.840E-02 0.000E+00 9.120E-02 3.930E+03 2.170E+03

3.220E+01 O.OOOE+00 4.110E+02 1.540E+05 2.690E+05

4.9908-02 O.OOOE800 5.760E-02 1.150E+03 6.130E+03

B.240E-04 0.0008E00 1M20E-03 6.670E+02 8.720E-07

8.960E+02 O.OOOE+00 7.430E+03 7.8308405 1.090E+05

4.340E801 0.0008E00 1.410E+00 1.8205+04 9.040E+04

1.240E+04 O.OOOE+00 1.900E+05 * 1.610E+07 8.600E+05
0.OOOE+00 O.OOOE+000 0.000E+00 0.000E+00 O.OOE+00
O.OOOE+00 O.O00E+00 O.OOOE+000 .OOOE+00 0.000E+00

7.990E+03 O.OOOE+00 2.600E+04 6.750E+06 2.730E+05

4.110E+04 1.070E+03 1.!50E+03 1.670E805 2.020E+05

1.680E+04 9.760E+01 O.OOOE+00 3.850E+06 3.980E+05

1.720E+04 7.040E+01 0.000E400 2.740E+06 9.920E+04

6.670E+02 1.400E803 0.0OOE+00 5.360E+40 7.500E+04

2.160E+03 4.3808+03 6.640E+04 1.660E+06 1.590E+05

4A20E-01 1.420E+00 7280E+00 1.120E+04 8.OBOE+04

2250E803 4.580E+03 L.1908404 1M0E+06 4.050E+05

1.760E-02 5.180E-02 2.680E-01 3.300E+03 1.60+03

4.020E+01 72508+01 4.390E+02 2.380E+05 6.210E+05

5.040E-03 1.240E-02 6.1608E02 2.340E+03 1.510E+01

2.190E+02 2.460E+02 1.950E+03 4A9OE+05 4.630E+05

7.170E+03 1.490E+06 2.750E+04 0.0OOE+00 9.120E+03

2.640E+04 1.460E407 &400E+04 O.OOOE+00 6.490E+03

1.580E+03 1.510E405 6.920E+03 0.000E+00 1.i70+03

6.220E803 .920E+06 3.50+04 O.OOE+00 1.030E+04

8A00E+02 3.950E+04 3.660E+03 O.OOOE+00 2.040E+01

3.490E+03 6210E.0 1.490E804 O.008E+00 6.950E+03

5.480E+05 0.0000E+0 3.750E+05 1.460E+05 9.760E+03

1.370E805 0.000E+00 1.100E+05 1.780E+04 1.090E+04

3.110Et05 O.OOOE+00 3.040E+05 1.210E805 &480E+03

4.460E+02 O.OOOE+00 6.620E+02 7.870E+01 Z700E-01

6.700E+05 * 8.4+O05

4.6608E+02 8-0E+02
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INHALATION DOSE FACTORS
TEEN

(mremlyr per uCIm 3)

Nueffdo

BA4139

8AN140

BA-141

BA-I142

LA-140

LA-142

CE-141

CE-I143

CE-144

PIR-143

PR-144

ND.147

EU-I 54

EU-I155O -87

NP-239

Bon LUver ibody

1.340E100 9.440E-04 3.900E-02

S.470E+04 0.700E+01 3.520E+03

1.4205E,0 1.060E04 4.740E-03

3.700E-02 700E.05 2.270DE03

4.790E+02 2.380E+02 8.260E+01

9.800E2-0 4.2508-01 1.060E-01

2.840E+04 1.900E+04 2.170E+03

2.660E+02 1.940E+02 2.160E+01

4.90E+08 2.020E+06 2.820E405

t.340E+04 . 5.3102E03 0.620E+02

4.300E-02 1.780-02 2.180E-03

7.880*+03 8.504E+03 5.1301E02

7.540E+06 9.840E+05 6.880E405

1.6002i06 1.570E+05 9.680E404

1.200E1401 9.780E500 3.430E+00

3.380E+02 2.1900DE1 1.770E+01

Thyrold Kidney Lung Gitract

0.0005E00 8.880544 6.480E+03 8.450E+03

0.00OE+00 2.280E+01 2.030E+08 2.290E+05

0.000E+00 9.8402*5 3290W+03 7.460E-04

0.000E+00 3.140E-05 1.9101E03 0.000+00

.OOOE+000 0.000E+0 2.140E405 4.870E+05

0.000£+00 O.OOOE+00 1.020E+04 1.200E+04

0.000E+0 8.830E+03 5.140E+05 1250E405

0.OOOE+00 8.4140E01 1.300E+05 2.550E205

O.OOOE+00 1210E+20 i.3401+07 8.640E+05

O.OOOE400 3.0901+03 4.830t+05 2.140E105

O.OOQE+00 1.010E-02 1.750E+03 2.350E-04

O.OOOE+00 S.020E+03 3.720E+05 1.320E+05

0.000QE00 4.3501+06 7.300E+08 2.670E+05

0.0002E+00 6120E+05 1210E+07 4.7801+05

O.OOOE00 O.OOOE+00 4.7401+04 1.770E+05

0.000E+00 t.OOE+02 6.490E+04 1.320E+05
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INHALATION DOSE FACTORS
CHILD

-(mrem/yr per uCImn)

Nudilde

H-a
C-14

NA-24
P-32

CR-Si

MN-54

MN-58

FE-OS

FE-69

00-57

00-5

00460

NI-63

NI-eS

ZN-e5
ZN-W

BR-42

BR-83
BR-84

SR-85

RB-86

RE-BB

RB.89

$R489

SR-g0

SR-01

SR-02

Y-go
Y.91m

v-0l

Y-42

Y-e3
-. ZR-95

Bone

0.00E+00

3J90E+04

1610E+04

2.600E06

O.OO0E+00

0.000E+00

OOOE0400

4.740E+04

2.070E+04

0.000E+OO

0.000E+00

0.000E+00

8210E+05

2890E+00

O.OO0E00

4 260+04

6.700E-02

0.000E+00

0.000E+00

0OOE+00

0.000+00

0.000E+00

0.000E+00

0.QOWE+00

5.990E405

1.010E+08

1210E+02

1.310E+01

4.110E+03

5.070E-01

B.140E+40

2.040E+01

1.860E402

1.900E+05

Lver

1.120E+03

6.730E+03

1.610E+04

1.140E+05

O.000E+0O

4.290E+04

1.660E+00

2.520E+04

3.340E+04

9.030E+02

1.770E+03

1.310E+04

4.30E+04

2.960E-01

1.990E+00

1.130E+05

9.660E-02

0.0000E+0

0.000E+00

0.000E+00

Oo00+400

1.980E+05

S.620E+02

3.450E+02

0.000E+00

0.000E+00

.OOOE+02

0.000E+00

0.WOE+oo

O.O00E+00

0.000E+00

0.000E+00

0.000E+00

4.180E+04

Tbody

1.120E+03

8.730E+03

1.610E+04

9.680E+04

1.540E+02

9.510E+03

3.120E.01

7.770E+03

1.670E+04

1.070E+03

3.160E+03

2.260E+04

2.800E+04

1.640E-01

1.070E+00

7.030E+04

8.920E203

2.090E+04

4.740E+02

6480E+02

2530E+01

1.140E+05

3.60E+02

2.900E+02

1.720E+04

6.440E+06

4.590E+00

5.250E201

1.110E+02

1.840E402

2.440E+04

5.810E-01

5.110E+00

3.700E+04

ThYMoid

1.120DE03

6.730E+03

1.610E+04

0.000E+00

85S50E+01

0.000E+00

O.OOOE+00

0.OOOE+00

0.00OE+00

0.000E+00

O.OOOE+00

0.0002E+0

0.000E+00

O.OOOE400

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0,000E+00

0.000E+00

0.000E+00

KIdney

1.120E+03

6.730E+03

1.810E+04

0.000E+00

2.430E+01

1.000E+04

1.670E200

0.000+E00

OO0OE+00

0.0000E+0

0OOE+00

0.000E+00

0.000E+00

O.0+000

6.030E+00

7.140E+04

6850E-02

0QOOOE+00

0.000E+00

0.000E+00

0.00OE+00

-

Luno

1.120E+03

6.730E+03

1.610E+04

O.OOOE+0O

1.700E+04

1.680E+06

1.310E+04

1.110E+05

1.270E+06

6.070E+05

1.110E+06

7.070E206

2.750E+05

8.180E+03

9.580E+03

6.950E+05

1A20E+03

0.000E+00

0.0000E+0

O.OOOE+00

OOOOE+00

OOOOE+00

0.000£+00

0.000E+0

2.160E+06

1.4ASOE07

5.330E+04

2AOOE+04

2.620E+05

2.810E+03

230E+06

2.3902404

7.440£+04

2230E+06

Gftract

1.120E+03

6.730E+03

1.610E+04

4.220E+04

1.080E+03

2.290E+04

1:230E+05

Z9870E+03

7.070E+04

1.320E+04

3.440E+04

9.6202E04

6.330E+03

8.400E+04

3.670E+04

1.630E+04

9.510E+03

0.000E+00

O.OOOE00

O.0OE+00

0.000E+00

7.990E+03

1.720E+01

1.890E+00

1.670E+05

3A30E+05

1.740E+05

2.420E+05

2.680E+05

1.720E+03

1.840E+05

2.390E+05

3.890E+05

6.110E+04

0.000E+00 0.OOOE+00

0.0000E+0 O.OOOE+00

0.0002+00 0.000E+00

0.000E+00 0.000E+00

0.000E+00 0.000E+00

O.OOOE+00 0.000E+00

O.OOOE+00 0.000E+00

0.000E+00 0.000E+00

0.000E+00 O.OOOE+00

0.0002E+O0 O.OOE+00

0.000E+00 O.OOOE+00

0.000E400 0.000E+00

0.000E+00 5.960E+04
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INHALATION DOSE FACTORS
CHILD

(mrem/yr per uCilm 3)

Nuctids Sons Uver IbOdy Thyroid Kldney Lung Gltrar

ZR-97

NM-O

NEB-97

MO-so

TO-99M

TC-101

RU-103

RU-l0S

RU-I 08

RH-103M

RH-4OB

AG-I0M

SB-122

583-124. SBI-125
TE-125M

TF-I427M

TE-12.7

TE-129M

TE-129

TE-131M

TL-131

TE-132

1-130

1-11311

1-132

I-133

1-134

1-135

CS-134

es-ISO

CS-I137

CS-138

1.880E+02 2.720E+01

2.350E+04 9.180E+03

4.290E-01 7.700E-02

0.000E+00 1.7202E02

1.7802-03 3.480E-03

8.1002-05 8.510E-05

2790E+03 O.OOOE+O0

1.530E+00 0.000E+00

1.360E+05 O.OOOE+00

O.OOOE+00 O.0OE+00

0.000E+00 0.OOOE+00

1.890E+04 1.140E+04

1.440E+03 1.980E+03

5.740E.04 7.400E+02

9.840E+04 7.59E+02

&730E+03 2.330E+03

2.490E+04 8.550E+03

2.770E+00 9.510E-01

1.9202+04 .880E+03

9.770E-02 3.500E-02

1.3401402 5.920E+01

2.170E-02 6.440E-03

4.810E+02 2.720E+02

&180E.03 1.840E+04

4.810E+04 4.8102+04

2.120&E+03 4.070E+03

1.8S8E+04 2.000E+04

1.170E+03 2.160E203

4.920E+03 8.730E+03

9.5o0E+05 1.010E+06

.510E+04 1.710E+05

9.070E+05 8250E+05

6.330E+02 8.400E+02

1.500E+01

6.5W0E+03

3.8002-02

4260E+01

5.770E-02

1.080E-03

1.070E+03

5.5502-01

1.690E+04

0.0004C00

0.000E+00

9.140E+03

IX00E+04

2.000E+04

2.070E+04

9.140E+02

3.020E+03

S.110E-01

3.040E+03

2.380-02

&070E+01

6.590E-03

2.630E+02

8.440E403

2.7302+04

1.880E403

7.700E+03

9.9500E+2

4.140E+03

2.2502+05

1.160E+05

1.2802405

5.5Wr0+02

O.O0OE+00

0.0004+00

0.0 2+E0

0.000E+00

0.0002E+0

O.OOE+00

0.000+E00

0.000E+00

0.000E00

O.OOOE+00

0.000E+00

0.000E4D0

4.960E+02

1.202E+02

9.100E+01

1.920E+03

&070E203

1.980E+00

6.30E+03

7.140Eo02

9.770E+O1-

1.700E-02

3.170E+02

1.850E408

1.620E407

1.940E+05

3.230E+06

5070E+04

7.920E+05

0.000E+00

O.O0OE+00

O.OOOE+00

0.00E400

3.5902+01

3.820E+03

&550E-02

3.920E+02

5.070E-02

1.450E-03

7.030E+03

1.340E+00

1.840E+05

0.000R+00

0.000E+00

2.120E+04

7.180E+02

0.00GEW00

O.00E+00

O.OOOE+00

8.302E+04

7.070E+00

&030E+04

2.570E-01

4.0OE0202

5.880r-02

1.840E+03

2.450E+04

7.880E+04

6.2502+03

3.380E+04

3.300E+03

1.40E+04

3.300E+05

9.50.E04

2.820E+05

6.2 +02

1.130E+05

6.140+405

3.4202403

1.350E+05

9.510E402

5.E802

6.820E+05

1.590E+04

1.430E+07

0.0000E+0

0.0000E+0

5.480E206

7.730E+04

3.240E+06

2.320E+06

4.770E+05

1.430E+20

1.0004E04

1.780E+08

293DE403

2.060E+05

2.050E+03

3.770E+05

O.OOOE+00

O.OOOE+00

o.ocoE+00

0.0002+00

0.000E+00

O.OOOE+00

1.210E+05

1.450E+04

1.040C+05

0.810E+01

3.510E+05

3.700E+04

21780E+04

1.270E+05

4.810E+03

1.830E+01

.4804E+04

99OE+04

4.290E+05

0.oooE+0

O.OOOE+00

1.000E+0

9.360E+04

1.840E+05

4.030E+04

3.380E+04

7.1402E04

5.820+04

1.820E+05

2.550E+04

3.080E+05

1.330E+03

1.380S+05

5.110E403

2.840E+03

3.200+43

5.4802+03

9.550E+02

4.440E+03

3.850E+03

4.180E+03

3.620E+03

2.700E+02
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Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
CHILD

(mrenlyr per uC[/mr)

INudcide

SA-139

BA-140

BA-141

BAk142

LAM40

LA-142

CE.141

CE-143

CE-144
PR-I143

PR-144

ND-147

EU-154

EU-155S W-187
,NP-239

Bone LhVer

1.840E+00 9.840E204

7AOOE004 0.430E+01

1.0E-01 1.090E-04

5.000E202 3.600E-05

6.440E+02 2.250E+02

1.300E+00 4.110E-01

3.9204E04 1.9502E04

3.660E+02 1.990E02

6.770E+06 2.120E+06

1.850E+04 5.550S03

5.960E-02 1.850E-02

1.080E+04 6.730E+03

1.010E+07 9.210E+05

2.070E+06 1.500E+20

1.630E+01 9.660E400

4.700E+02 3.340E+01

Tbody Thyrold l0dney

6.370E-02 0.000E+00 .20-04

4.330E+03 0.00E+00 2110E+01

6.360E.03 O.OOE+00 9.470E205

2.790E203 O.ODE+00 2.910E-05

7.550E401 o.oooE+00 0.0000E+0

1.290E-01 O.OOOE+00 0.000E400

2.000Ee-03 O.OOOE+D00 8OE+03

2.670E+01 O.GM2*'00 8.60E+01

3.610E+05 O.000E+00 1.170E+06

9.140E+02 O.OOOE+00 3.0004E03

3000E-03 O.OOOE+00 0.7702E03

&8102E02 0.0002400 4.810E403

8.400E205 O.OOOE+00 4.030E206

1.1B0E+05 0.0009+00 5.590E+05

4.330E+00 0.000E+00 0.000.E00

2.350E+01 O.OOE+00 9.730E+01

Lung

6.770E+03

1.740E+06

2.920E+03

1.640E+03

1.830E+05

8.700E+03

5.440E+05

1.150E+05

1.200.E07

4.330E+05

1.570E+03

3.28DE05

6.140E+06

1.030E+06

4.110E+04

5.810E+04

Gltrct

5.7702E4

1.020E405

2.750E402

2.740E+00

2.260E205

7.590E+04

5.660E+04

1i270E405

3.890E405

9.730E+04

1.97E+02

8210E+04

1.100E205

1.990E405

9.100E+04

6.400E+04



I

Offlste Dose Calculation Manual
Revision 6

Page 285 of 325

0
Attachment 12

Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS

INFANT
(mremlyr per uCVIm3)

Nucilda Done Liver Thody Thyrid Kidney Lung Gttract

H-3

C-14

NA-24

P-32

CR-51

MWS4

MN-SO

PE-55

Fl-SD

00-57

co-se

co0s0

N1463

NI-s. 0CU-84

ZN-S5

ZN-SO

BlR-82

BR-83

BR-84

BR-85

RB-W

RD-88

R"-9

SR-89

SR-90

SR-91

SR-92

y-90
Y-91M

y-91

Y-92

Y-93

0.0000E+0 1.470E+02 Un70E+02 6.470E+02

2.6OE504 5310E023 56310E+03 5.310E+03

1.060E+04 1.060E+04 1.080E+04 1.060E+04

2.030E+06 1.120E41X T.740E+04 0.0OE400

0.000E00 0.000E+00 &950E+01 5.750E+01

0.000E+00 2.530E+04 4.980E+03 O.000£+00

Q.OOOE+00 1.54CE+00 2.210E-01 0.000E+00

1.970E+04 1.1709+04 3.330E+03 O.OOOE+00

1.3602E04 2350E404 9.40A+03 0.000E+00

0.000E40 8.510E+02 &410242 0.000E+00

O.OO0E+00 1.2205403 1.822Q3 0.00O+00

0.0000E+0 .020E+03 1,1805E04 0.000E+00

3.390E+05 2.040E+04 1.160E+04 0.000E+00

2.390E+00 2840E-01 1230E-01 0.000E+00

0.000E+00 1.880E+00 7.740E-01 0.000E+00

1.930E+04 8280E+04 3.110E+04 0.00E400

5.390E202 9.670E502 7.180E-03 0.000E+00

O.0005+00 0.000E+00 1.332E+04 0.000E+00

0.000E+00 0.000E+00 3.810E+02 0.0000E+0

0.000O400 0.000E+00 4.000E+02 0.000E400

0.0002+00 0.OOOE+00 2.042E+01 0.000E+00

O.000200 1.900E+05 8.8202+04 O.WOE+00

0.0005400 5.570E+02 2.870E+02 0.0002E00

0.0005E00 3210E+02 2030E+02 O.00040E 0

3.98E+05 O.OOOE+00 1.140E+04 0.0002+00

4.090E+07 0.OOOE+00 2.590E+08 0.000E+00

9.5602401 0.0000E+0 3.480E+00 0.000E+00

1.050E+01 0.000E+00 3.910-E01 0.000E+00

3.290E+03 O.OOOE+00 8.820E+01 0.000E+00

4.070E-01 O.OOOE+200 .9OE-02 0.000E+00

5.880E+05 0.000E400 1.870E+04 0.000E+00

1.640E+01 0.000E+00 4.610E-01 0.000E+00

1t500E+02 O.0WOE+00 4.070E+00 0.000E+00

8.470E+02 .470E+02

5.310E403 5.310E+03

1.060E404 1.080E+04

0.002E+00 0.000E+00

6.470E+02

5.31CE+03

1.080E204

1.310E+D4

1.2401

4.980E+03

1.100E+00

0.000+00

0.0000E+0

O.00OE+40

0.000E+00

O.OOE+00

0.000E+O

O.WOE+00

3.980E+00

3.250E+04

4.020E202

0.000E+00

0.000E+O

0.000E+O

0.000E+0

0.000E+00

0.0005400

0.00OE+OO

0.000E00

0.000E+00

0.000E+00

O.OOOE+00

O.OOE+4

0.000G+00

0.000E+O

0.000+O

0.0000S+0

1280E+04 3.570E+02

1.000E406 7.080E+03

1250E+04 T.170E+04

8.890E+04 1.090E+03

1.020E+08 ±4805+04

3.730E+05 4.50E+03

7.770E405 1.110E+04

4.510E+08 3.190E+04

2.0902+05 2A20E+03

8.120E+03 5.0102404

9.3002403 1.500E+04

5.470E205 5.140E+04

1.470E+03 1.320E5404

0.000E+00 0.0002E00

0.000E200 O.OO0E400

O.0OE+0 0 0.000E+00

0.000E+00 0.000+00

0.000E400 3.040E+03

0.0002400 3.3902+02

.000E2O+00 .820E+01

±030E206 SAOE404

1.120E+07 1.310E+05

5260E+04 7.340E404

2.380E+04 1AOOE+05

2560E205 1.040E+05

790403 2505E03

2.450E+08 7.030E+04

2.450E404 1.270E205

7.840UE04 1.670E205
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Gaseous Effluent Pathway Dose Factors

INHALATION DOSE FACTORS
INFANT

(mrem/yr per uCIlm8)

Nuclide

ZR-95

ZR-97

NB-95

N"S7

MO-99

T-99M

TC-101

RU-1 03

RU-105

RU-10e

RH-103M

RH-106

AG-1I0M

SB-122

SB-124

SB-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

rE-131

TE-132

M130

1-131

1-132

1-133

1-134

1-135

CS-134

CS-136

CS-137

CS-138

gone

1.150E+05

1.500z402

1.57OE+04

3A20E-01

0.0000E+0

1AOOE-03

6.510E-05

2.020E+03

1.220E+00

8.8B0E+04

O.OOOE+00

O.OOOE+00

9.980E+03

5430E+02

3.790EF04

&170E+D4

4.780E+03

1.670E+04

2.230E400

1.410E+04

7.880E-02

1.070E+02

1.740E-02

3.720E+02

6.360E+03

3.700E+04

1.690E+03

1.320E+04

9.210E+02

3.860E403

3.960E+05

4.830E204

5490E+05

5.050E4+02

Uver

2790E+04

2560E0i1

6A30E+03

7.290E-02

1.650E+02

2880E-03

8.230E-05

0.0002E00

0.0000E+0

0.000E+00

O.OOOE+00

0.000E+00

7.220E+03

7.200E+02

5.560E202

4.770E+02

1.990E+03

6.900E+03

0.530E-01

8.090E+03

3.470E202

5.500E+01

8.220-E03

2.370E202

1.890E+04

4.440E+04

3.5402E03

1.920E+04

1.880E+03

7.600E+03

7.030E+05

1t350E+05

6.120E+05

7.810E+02

Thody

2.030E+04

1.170E+01

3.780E+03

2.630E202

3.230E+01

3.720E-02

8.120E-04

6.790E+02

4.100E-01

1.090E+04

0.OOOE+00

0.000QE+0

5.000E203

7.200E+03

1200E+04

1.090E+04

6.58E+02

2.070E+03

4.890E-01

2230E+03

1.880E-02

3.630E+01

5.000E-03

1.760E+02

5.570E+03

1.960E+04

1.260E+03

5.600E+03

6.650E+02

2.770E+03

7.450E+04

5.290E+04

4.550E+04

3.980E+02

Thyoid

O.OOOE+oo

0.000E+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

0.0002400

0.000E+OO

0.000+00

O.OOOE+00

0.000E+00

0.000E+00

0.OOOE+00

1.880E+02

1.010E+02

6.230E+01

1.620E+03

4.870E+03

1.850E+00

6.470E+03

6.750E-02

&930E+01

1.580E-02

2.790E+02

1.600E+06

1.480E+07

1.690E+05

3.560E+06

4450E+04

6.G604+05

0.0002E00

0.0004E00

0.000E400

IUdney

3.1 10E+04

2.E90E+01

4.720E+03

5.700E402

2.650E+02

3.110E202

9.790E-04

4.240E+03

8.990E-01

1.070E+05

O.OOOE+00

0.000E+00

1.090E+04

2.720E+02

0.0000E+0

O.OOOE+00

0.0002E00

3.750E+04

4.880200

3.180E.04

1.750E201

2.650E+02

&.90E-02

1.030E+03

1E5302+04

6.16E004

3.950E+03

2.240E+04

2.090E+03

8470E+03

1.900E+05

6.640E+04

1.720E+05

Lung

1.750E+06

1.100E405

4.790E+05

3.320E+03

1.350E+05

8.110E+02

5.6840E02

5.520E405

1.570E404

1.160E207

*O.OOE+00

0.0000E+0

3.670E+06

1930E404

2.650DE06

1.6402.06

4.470E205

13102E408

1.030E204

1.680E+06

3.000E+03

1.690E+05

2.060E+03

3.400E+05

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.000E+00

7.970E+04

1.180E+04

7.130E+04

Gltract

2170E+04

1AOOE+05

1270E+04

6902E+04

4.870E+D4

2.030E+03

8.440E+02

1.810E+04

4.640E204

1.640E+05

0.000E+00

0.000E+00

3.300Ef04

3.540E+04

5.910E+04

1470E+04

1290E+04

2.730E+04

2.440E04

6.900E+04

2.630E+04

1.190E+05

8220E+03

4.410E+04

1.99DE+03

1.060E+03

1.900E+03

2160E+03

1.290E+03

1.830E+03

1.330E+03

1.430E+03

1.3304+03

0.000E+00 4.100E+02 6.540E+01 8.760E+02
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INHALATION DOSE FACTORS
INFANT

(mrernyr per uCL/m 3)

Nuclido Lver Thady Thyroid idnoey 'Lung Gltract

BA-`139

2MA-40

BA.41

BA4142

LA,140

LA-142

CE-141

CE-143

CE-144

PR-143

PR-144

NO.47

EU-1 54

EU-I155O W-187
NP-239

1.8CE+00

5.600E+04

1.570E-01

3.80E-02

5.050E+02

1.030E+OO

2770E+04

2.930E+0

3.180E+20

1A00E+04

4.790E-02

7.940E+03

4.140E+06

8.360E205

1.300E+01

3.710E+02

9.8401-04

5.600E4+1

1.080E-04

3.300E-05

ZOOOE+02

77015-01

1.670E+04

1.930E+02

1.210E+08

5.240E+03

1.890E-02

8.130E+03

4.840E+05

5.10+04

9.0205+00

3.320E+01

4.300E-02 0.0002+00 5.92E-04 5.90E403 5.100E+04

2.900E+03 0.000E+00 1.340E+01 1.605E+46 3.840E+04

4.970JE03 O.OC0E+OO20 8.50-05 2.970E+03 4.7502+03

1.950-03 0M.0000 100E-05 1.50E+03 8.930E+02

5.150E401 0.050E+00 0.000E+00 1.8804E05 8.8OE+04

9.040E-02 O.OOOE+00 0.000E+00 82202E+03 5.950E+04

1.990E+03 O.OOOE+00 5.250E+03 5.170E+05 2.160E+04

2.210E+01 0.OOOE+00 5.640E+01 1.160E+05 4.970E+04

1.760E405 0.000E+00 5.3802+05 9.840E+06 1A40E+05

&990E+02 0.000E400 1.970E+03 4.330E+05 3.720E+04

2.410E.03 O.OOE+00 8.720E-03 1.810E+03 4.280E+03

5.000E+02 0.000E+00 3L150E+03 3.2205E05 3.120E*04

3.430E+05 0.000E+00 1.540E406 4.270E+08 &980E+04

4.840E+04 0.0005E+0 2.210E+05 7.280E+05 7.270E+04

3.120E*0 0.000+O0 0.000E+00 3.9S0E+04 3.580E+04

1.880E+01 O.OOOEOO 8.620E+Oi 5.950E+04 2.490E+04

0s
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Attachment 12

Gaseous Effluent Pathwy Dose Factors
GRASS-COW-MILK DOSE FACTORS

ADULT
(m2 *mrernlyr per uCilsec)

Nuctide

H-3

C-14

NA-24

P432

CR461

MN-U

MN-C

FE-85

FE-59

CO-57
CO-68
co-S0

NI-63

NM-6. CU-64

ZN-SQ

BR-82

BR-83

BR-49

BR-85

Re-es
RB-88

RBI-SQ

SR-eQ
SR-QO
SR-el

SR-92

Bone

O.WOE+00

3.630E+05

2.640E+06

1.710E+10

0.000:+00

0.OOO+00
O.OOOE+00

2.510E+07

2.980E+07

O.OOOE+00

0.0OE+400

0.000E+00

6.730E+09

&700E-01

0.000E+00

1.370E+09

0.OOOE+00

0.000E+00

0.OOOE+OO

0.000E400

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

150AE+09

4.680E+10

3.130E+04

4.890-E1

Liver

7.630E+02

7.260E+04

2.540E+06

1.060E+09

0.000E+00

8.400E+06

4230E-03

t.730E+07

7.WOOE+07

1280E+S6

4.720E+06

1.640E+07

4.660E+S0

4.810E-02

2.410E+04

4.360E+09

0.000E+00

O.OOOE+00

0.000E+00

Q.OOOE+00

O.OOOE+00

2.590E+D9

O.OOSE+00

O.0000E+0

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.000E+00

Thody

7.630E+02

7;260E+04

2.640E+06

6.600E+08

2.W80E+04

1.600E+06

7.610E-04

4.040E406

2.680E+07

2.130E406

1.060E+07

3.6Z0E+07

2.260E+08

2.190E.02

1.130E+04

1.970E+05

0.000E+00

0.0000E+0

0.0000E+0

0.000E00

0.000E400

1.210E+09

Thyroid

7.630E+02

7.260E+04

2.540E+06

0.000E+00

1.710E+04

0.0000E+0

0.000E+00

0.000E+00

O.0OE+00

0.000E+00

0.000E+00

O.WOE+O0

0.000E+00

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+W0

O.OXE+O

O.OW0E+00

0.000E+W0

O.OOOE+00

0.000E+O0

Kidney * Lung

7.630E+02 7630E502

7.260E+04 7260E+04

2.540E+06 2.5405+O

O.OOE+00 O.WOE+00

68300E+03 3.800E404

2.500E+06 0.0004EO0

5.380E-03 O.OOE+00

O.OOOE+00 9.670E+06

0.000E+00 . 1.950E+07

O.OOOE+00 0.OOOE+00

0.000E+00 0.000E+00

O.OOOE+00 O.OOOE+00

O.OOOE+00 0.000E+00

O.OOOE+00 O.OOOE+00

6.080E+04 0.00OE+00

2.020E+09 0000E+00

O.000E+00 0.000E+00

0.0000E+0 O.OO0E40

0.000E+00 O.OOOE+00

0.000E+O 0.OOOE+tOO

0.000E+00 0.000E+4

O.O02E+O0 0.0005E00

0.000E400 O.00O400

0.000E400 O.OOOE+00

0.000E+00 O.04W00

0.000E+00 0.000E400

0.000E+O 0.000E+00

O.OOOE+0 O 0.0005+00

Gltract

7.630E402

7.2600E04

2S540+06

1.920E+09

7.200E406

2.570E+07

1.350E-01

9.950E+06

2.33E0+08

&.250E407

0.570E+07

306E0+08

9.730E+07

1.220E+O0

2.050E+06

2.750E+09

0.000E+00

0.000E+00

0.000E400

0.000E40

O.OOOE400

5.110E408

O.OOOE+00

0.0004E00

2.330E+08

1.350E+09

1A90E405

9.6SOE400

0.000E+00 O.OOOE00

O.OoXO40 0.000E+00

4.160E407 O.OOOE+00

1.150E+10 . 0.OOOE+O

1.270E203 0.000E+00

2.1 OE-02 0.000E400
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

ADULT
(in2 *mremlyr per uC~sec)

Nuclids

Y-90

Y-91M

Y-91

Y-92

Y-93

ZR-95

ZR-rn

NB-95

NB3-97

MO-so
TC-99M4

T-I 1M

RU-103

RU-105

RH-103M

AG-IiOM

SS-122

SB-124
SB-125

TE-125M
TE-127M
TE-127

TI-129M

TE-I 31M

T1-131

TE.132

1-130

1-131
1-132

1-133

Bone

7.070E+01

0.000E+00

8.B00E+03

5.420E-05

2.330E-01

9.460E+02

4.260E-01

8250E+04

O.OOOE+00

O.OOOE+00

3250E+00

O.OOE+00

1.402E+03

&.5702-04

2.040E+04

0.0004E+0

0.OOOE+00

5.830+207

6.010E+05

8.580E+08

6.810E+08

1.630E+07

4.8E+07

8.720E+02

&040E+07

0.000E+00

3.610E+05

O.OX0E+00

2.390E+08

4.20E+05

2.960E+08

1.U4O-01

3.970E+06

Lver Tbody

0.000E+00 1.9002400

0.000E+00 0.000E+00

O.OOOE+00 2.300E+02

O.00E+00 1.580E-08

0.000E+00 6.430E.03

3.030E+02 2.050E+02

85901-02 3.930E-02

4.590E+04 2.470E+04

0.0001.00 O.OOOE+00

2.520E+07 4.800E+08

9.190E+00 1.170E+02

O.OOOE+00 0.000E+00

0.000E+00 4.390E+02

0.000E+00 3.38GE-04

0.0001E+0 2.580Et03

0.0001400 O.OOOE+00

0.000E400 0.OOOE+00

5.390E407 3200E+07

.7OE+05 7.590E+06

1.620E+07 3.400E+08

7.610E+06 1.620E+08

3.900E+08 2.180E+06

1.640E+07 S.5802+08

2.410.E+0 1.450E+02

2.250E+07 9.570E+0S

0.000E+00 0.000E400

1.770E+05 1.470E+05

O.WOE+4O 0.000E+00

1.50E+20 1.450l+08

1260E+06 4.9GE0+05

4.240E+08 2.430E+08

4.370E-01 1.530E-01

8.900E+0B 2.100E+OB

Thyrold

0.000£+00

O.OOOE+OO

O.OOOE+OO

0.OOOE+00

O.OOOE+00

0.000E+00

OO0OE+00

0.000E+00

0.000E400

0.000+00

O.OOOE+00

O.OOOE+OO

0.000E+00

O.OOE+00

O.O0OE+00

O.OOOE+00

O.OOOE+4O

0.000E+00

9.960E+04

2.0B0E+08

&930E+05

4.900E+06

1.170E+07

4.980E+02

2.080E+07

0.000E+00

2.0O0E+05

0.000E+O

1.710£+06

1.070E+08

1390E+1 i

1.530E+01

1.010E+09

Kidney LUng Gltract

0.000E+00 0.000E+00 7.500E+05

O.oo0E+00 O.002+400 0.0000E+0

O.00E.+O O.OOOE00 4.730E206

0.000E+00 O.OOOE+00 9A90E-01

O.OOOE+00 O.OOOE00 7.390E+03

4.760E+02 0.000E+00 9.920E+05

1.300E-01 0.000E+00 2.660E+04

4.540E+04 O.OOOE+00 2.790E+08

0.00O+00 O.OOOE+00 5.4702-09

S.720E+07. 0.OOOE+00 5.850E+07

1.400E+02 4.500E+00 5.440E+03

Q.OOOE+0000 0.E+00 O.OOOE00

3.89OE+03 O.OOOE+00 1.190E+05

1.110E-02 0.000E+00 5.2402-01

3.940E+04 0.000+00 1.320WE+0

0.000E+00 0.0000E+0 O.OOE+OO

0.0002+00 0.0001+00 O.OOOE00

1.0L02.03 O.OOOE+00 2.200E+10

2.960E+05 1.290E405 7.470E+07

O.OOOE+00 a.68OE+08 Z440E+10

0.000E+00 &250.+08 7.500E+09

8.630e207 O.OOOE+000 .500E+07

1.860E+08 O.OOOE+00 1.540E+08

2.740E+03 0.000E+00 5.3001E04

2.520E+08 0.000E+00 .040E+08

000+00 .OOOE+00 0.000.E00

1.790E+08 0.0000E+0 1.750E207

O.OOOE+00 0.000E+00 00E+00

1.490E+07 O.OOOE+00 7.320E107

1.960E+0 O.OOOE+00 1.080E+06

7.270E+08 O.OOOE+00 1.120E+08

6.970E-01 0.000E+00 8.2202E02

1.200E+07 0.000E+00 6200+06
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Attachment 12

Gaseous Effluent Pathway Dose Factors
* GRASS-COW-MILK DOSE FACTORS

ADULT
(mi2 mremIyr per uCIsec)

NudIrde

5-134

1-135

CS-134

CS-136

CS-137

CS-136

BAAI39

SA-140

BA-141

BA-142

LA4140

LA.-142

CE-141

CE-143

. PR-143

ND-147

EU-154

EU-155

W.187

NP-239

Bone Uver

o.oOOE+00 0.000E+00

1.390E+04 3.630E+04

5.650E+09 1.340E+10

2.610E+08 1.030E+09

7.38OE+09 1.010E+10

O.000E+00 0.000E+00

4.700-08 0.000E+00

2690E+07 3.380E+04

0.ODOE+00 O0.00E+00

0.OOOE+00 O.OOOE+00

4.490E+00 2.260E+00

O.000E+00 0.000E+00

4.840E+03 3.270E+03

4.190E+01 &3.0+04

3.580E+05 1.t00E+05

1.590E+02 6.370E+01

0.000E+00 0.000E+00

9.20E+01 1.090E+02

2.370E+04 2.9102403

3.3002E03 4.680E+02

6.560E+03 5.480E+03

3.660E+00 3.600-EOi

Tbady Thyroid KIdney Lung

O.O0E+00 O.OOOE+00 0.000E+00 0.000E+00

1.340+04 2A00E+06 5.830E+04 0.000E+00

1.100E+10 0.000E+00 4.350E+09 1A40E+09

7A20E408 0.000E+00 5.740E+oe 7.870E+07

6.610E+09 O.000E+00 3A30E+09 1.140E+09

O.OOOE+00 O.OOE+00 O.00E+00 O.OOOE+00

1.30E-09 O.O2E+00 O.OOOE+00 O.OOE+00

1.760E+06 O.00OE+00 1.150E404 1.930E+04

O.OOOE+00 O.OOOE+00 O.OOE+00 O.OOOE+00

O.OOOE+00 O.OOOE+O O.OOOE+00 O.OOOE+0 0

5.970E.01 0000E+00 O.000E+00 0.000E+00

O.OOOE+00 0000E+00 O00E+200 0.0000E+0

3.710E+02 0.0002+00 1.520E+03 0.000E+00

3.420E200 0.000E+00 1.360E+01 0.000E+00

1.902E404 0.000E00 8.870E+04 0.000E+00

7.880E+00 0.OOOE+00 3.680E+01 O.OOOE400

0.000E+00 O.OOOE+0O 0.0000E+0 O.OOOE+00

6.520E+00 0.0000E+0 6.370E+01 0.000E+00

2.070E403 0.OOOE+00 1390E+04 0.000E+00

3.020E202 0.000E+O0 2.160E+03 O.OOE+00

1.920E+03 0.000E+00 O.OOOE+00 O.OOOE00

1.980E.01 O.O0E+00 1.120E+00 O.OOOE+00

Gltract

0.000E+00

4.100E+04

230E+08

1.1702E40

1.950E+08

0.000E+00

8alu4-o08

5.540E+07

0.000E+00

0.0000E+0

1.660E+05

3030E-08

12502+07

1.160E+06

1.210E+08

6.9802+05

O.OOOE+00

5.230E+05

.110E+06

3.680E+05

1.O0E+06

7.390E+04
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Lung GitractNucflde

H-3

NA-24

P-32

CR-51

MN-54

MN-58

FE-55

CO-57

CO-5a

NI-65

ZN-SD

BR-82

SR-83-

BR-84

BR-85

RB-85

SR-89

SR-90

SR-SO

SR-92

V-go

V-DIM

V-SI

Y-92

Y-93

Bon* Uver Thody Thyroid

O.OOOE00 9.940E202 9.940E+02 9.940E+02

&7002+05 1.340E+05 1.340E+05 1.340E+05

4.440E+08 4.440E+20 4.440E+08 4.440E+08

&150E+10 1.950E+09 .220E*09 O.OOOE+OO

.OOOE+00 O.OOOE+0200 OOE5+04 2.780E+04

o.0002+00 1.400E+07 2.7802+08 O.02E+00

0.0002+00 7.510E403 1.330E.03 0.000E+00

4A50.E07 &1602+07 7n2E+08 O.02E+00

5.200E207 1.210E2+08 4.688 07 0.000E+00

0.0002.00 2.250E+08 3.7B0E+0S 0.000E+00

O.OOOE+00 7.950E+06 1.30E+207 O.OE+00

O.OOE+00 2.780E207 &260E+07 O.OOOE+O

1.180E+10 8.350E+08 4.0102408 0.0002+00

B.780E-01 &660E.02 3.940.E02 0.000E+00

0.000E+00 4.2 +04 2.0203+04 O.O0E+00

2.110E+09 7.310E09 3.410E+09 O.OOOE+00

O.OOOE+ 0.0000E+O0 0.OOOE+O0 O.OOOE+00

0.000E+00 O.OOQE+00 0.000E+00 0.000E200

0.000E+4O O.OOOE200 O.OOE+00 O.OOOE+00

0.00E+000 0.000E+00 0.000+00 0.000E+00

O.0E00200 .OOOE2+OO O.OE+00 0.000E+00
0.000E+00 4.730E209 2220E+09 0.000E+00

0.000+00 0.OOOE+O4 O.OOOE200 0.000E+00

O.OOOE+00 0.000E+O O.OOOE+00 0.0000E+0

2.670E209 O.0OOE+00 7.660E407 0.000E+00

8.610E+10 O.OOOE+00 1.8304E10 O.OOOE+00

5.750E+04 0.0002+00 2.290E403 O.O0E+00

.950E-01 0.000E+00 3.81E-02 00002E+00

1.300E+02 O.OOOE+00 3.500£+00 0.000E+00

0.0OE+00 O.OOE+00 0.000E+00 0.000E+00

1.580E+04 0.0002E00 4240E+02 O.OOOE+00

1.000E-04 .OOOE+00 2.900E-08 O.OOOE+00

43002-01 0.000E+00 1.180E-02 0.000m+00

Kldney

9.940E+02

1.340E+05

4.440E+06

0.000E+00

1.100E204

4.170E408

9.500E-03

0.00E+00

0.000E+00

0.000E+00

0.000E+00

O.OO+00

O.0E0200

0.D00E+00

1.090E+05

4.680E+09

0.00OE+00

0.000E+00

0.000E+00

0.000m+00

0.000E+00

0.000E.00

0.000E+00

0.000E+00

O.OOOE0

0.0002E00

0.0002E00

O.OOE+O0

0.000E00

0.0000E+0

O.OOOE+00

0.000E+00

0.000E+00

.9.94oE+02

1.340E+05

4.440E+05

0.000E+00

7.1302+04

O.0002+00

Q.OOOE+00

2.000E+07

3.820E+07

.OOOE+00

0.000E400

O.OOOE+00

0.000E+00

0.000E+00

0.OOOE+00

O.OOOE+00

.OOOE+00

O.00E+00

O.0OE+00

0.000E+00

0.000E+00

000E+00

O.O0E+O0

.OOOE 000

O.OOOE+00

0.000E+00

0.000E00

0.000E+00

O.O0OE+00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OE4+00

9.9402+02

1.340E+05

4.440E+20

2.650E+09

SA00E+08

2.80E+07

4.940E01

1.370E+07

2.870E+08

4.190E+07

1.100E+08

&m6E0+8

1.330E+05

4.7002+.00

3.330E+08

3.10E+09

O.OOOE+00

0.000e+00

O.O0E+00

0.0002,o0

0.000+00

7.000E+08

0.000E+00

O.OOOE00

3.180E+08

1.8802-09

2.i10E+05

2280E+01

1.070E+08

O.OOOE+00

8.480E+08

2.750E+00

1.310E404
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

TEEN
(M2 mremtir per uCllsec)

Nuclide

ZR-O5

ZR-97

NB-95

NB-97

MO-99

TC-99

Tc-io1

RUJ-103

RU-I105

RU-106

RH-I03M

RH-106

AG-Ib0M

SB-122. 56-124

63125

TE4125M

TE-127M

TE-127

TE-129M

TE-129

TE-I31M

TE-131

TE-132

1-130

1-131

1-132

1-133

1-134

1-135

CS-134

cs-i 36

cs-3aO CS-1381

Bone Uver

1.850E+03 5220E+02

7.750E-01 1.530E01

1A10E+05 7.800E+04

O.OOOE+00 0.000E+00

O.OOOE+OO 4.60E+07

5640E+00 1.570E+01

O.O0WE+00 O.OOE+00

1.810E+03 0.000E+0

1.570E-03 O.OOOE+00

3.760E+04 O.OOOE+00

O.OOOE+00 O.OOEO0

O.OOOE+00 O.OOOE+00

9.630E+07 9.110E+07

7.760E+05 8.090E+05

1.530E+09 2.820E+07

1220E+09 1.330E207

3.000E407 1.080E207

&440E+07 2.990E+07

1.240E+03 4.410E+02

1.110E+08 4.100E+07

.OOOOE+00 O.O0OE+00

6.570E+05 3.150E+05

O.OOOE+00 O.OOOE+00

4280E+06 2.7102E06

7.490E+05 2.170E+06

5.380E+08 7.530E+08

2900E-01 7,590E-01

7.240E+06 1.230E+07

0.000E+00 0.000E+00

2.470E+04 6.350E+04

9.810E+09 2.310E+10

4A50E+08 1.750E+09

1.340E+10 1.780E+10

O.OOOE+00 O.OOOE+00

Thody

3.590E+02

7.060E-02

4.300E+04

O.OOOE+00

8.69.E+06

2.040E+02

0.000E+00

7.750E+02

6.080.E04

4.730E+03

O.OOOE+00

0.000E400

5.540E+07

9.B00E+06

S.070E+08

2.850E+08

4.020E+06

1.000E+07

2680E02

1.750E+07

0.000E+00

6302E+05

O.OOOE+00

2.850+06

6.660405

4.040E+08

2.720E-01

3.750E+06

O.OOOE+00

2.3505z404

1.070E+10

1.18024.09

6.200E+09

O.OOOE+OO

Thyroid

O.OOOE+00

0.000E+00

O.OOOE400

0.0002E00

0.0000E+0

0.000E+00

0.000E+O0

O.OOOE+00

O.OOE+00

O.W0OE+00

0.0000E+0

0.oooE+00

0.000E00

1.29E+05

3.470E+06

1.160E406

8.3902E08

2.010E+07

8.590+02

3.570E+07

0.000E+00

4.740E205

O.OOE+00

2.880E+06

1.770E+08

2.200E+1 1

2.5D0E+01

1.720E+09

0.0000E+0

4.080E+08

0.030E+00

0.000E+00

0.000E+00

0.000E+00

.KIdney Lung

7.670E+02 O.ODOE+00

2.320E-01 0.000E+00

7.570E+04 0.000E+00

0.000E+00 O.OOOE00

1.040E+08 0.000E400

2.340E+02 8.730E+00

O.0OE+00 O.OOOE+00

6.400E+03 0.0002E00

1.9702E02 O.OOOE+00

.E2302+04 O.W0OE+00

0.00QE400 O.OOOE+00

0.OOOE+00 O.02OE+00

1.740E+08 O.0OE+00

3.820E+05

O.OODE+00

O.OOOE+00

0.000E400

3A20E+08

5.040E+03

4.520E+08

1.670E-0

3.290E+06

O.OOOE+00

2.600E+07

3.340E+06

1.300E+09

1.200E+00

2.150E207

0.0000E+0

1.000E405

7.34DE+09

9.530E+08

6.060E+09

0.000E+00

1.660E+05

1.340E+O9

1.070E+09

O.OOOE+00

O.OOOE+00

0.000E400

O.00OE+00

0.0000E+0

O.OOOE+00

0.000+00

O.OOOE400

O.OOOE+00

0.000E+00

O.00E+00

O.OOEt000

0.000E+00

0.0000E+0

2.800E+09

1.500E+08

2.350E+09

O.OOOE+00

Gitract

1.200E+06

4.150E204

3.340E208

6.340E-08

8.160E+07

1.000E+04

O.OOOE+00

1.520E:05

1.260E+00

1.80E+06

O.OOOE+0W

p.0002E00

2.560E+10

9.640E+07

3.080E+10

DA80E+09

8.8B0E+07

2100E+08

9.610E204

4.150E+08

2.180.E09

2.530E+07

0.000E+00

6.580E+07

1.670E+40

1.490E+08

3.310iOU0

9.300E+06

0.000E+0

7.030E+04

2.870E+08

1.410E+08

2.530E+08

O.OOOE+00
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Attachment i2
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

TEEN
(m2 mremlyr per uClsec)

mucikie

BA-139

BA.140

BA-14i

BA-142

LA-140

LA-142
CE-141

CE-143

CE-144

PR-143

ND.147

EU1-154

EUJ-155

. NP-239

Bon Liver Tbody Thyroid KIdney

8.690-08 0.000E+00 2.530E-00 .OOOE50 0.0005E+0

4.850E+07 S.950E+04 3.130E+o0 O.00E+00 2.020E504

0.OE500 0.000E+O0 0.0000E+O O.0OE+00 O.oOOEo0o

0 O.OOOE+o00 0.00200 0.000E+00 0.000E+00 0.0000E+0

8.0602+00 3.950E500 1.050E+00 O.00E+00 O.OOOE+00

O.OOOE+000 0.0002+00 OOooE+00 O.oOOE+000 0.0O+C00

8.870E+23 5.920E+03 6.810E02 0.000E+00 2.790E+03

7.690E+01 5.600E404 250E+00 0.000E+00 2.510E501

8.5WE+05 2.720E+05 3.540E+04 o.OOOE+00 1.630E+05

Z920E+02 1.170E+02 1A50E+01 0.000E+0 o.770E+01

Q.OOOE00 0.0002E00 0.000E+00 0.0000E+0 O.OOO+o00

1.510£+02 1i.95E*02 1.180E501 0.000E+00 1.160E+02

8.920E404 .050E+03 3.570E+03 O.OOOE+00 2.280E404

8500E+03 &310E502 5.140E+02 0.000E+00 3.25O+403

1.200E04 9.780E+03 3A30E+03 0.0004E+0 0.0009400

6.99E+00 6.5905-01 3.660E-0 O.0OE500 2.070E+00

Lung Gitract

0.000E+00 7.750E-07

4.0O0E+04 7A.90E407

0.0002400 o.OOOE+00

0.OOOE00 o.OOOE+00

0.0000E+0 2.2702+05

o.OOOE+00 2.230E-07

O.WOE+00 1.590E+07

0.oo00+00 1.680Ef50

0.OOOE+00 1.680E+08

.0O00200 9.8aOE+05

O.oOOE+00 O.OOOE+0O

O.oooE+00 7.10E+05

0.0002+00 2.570E+06

0.000E+00 4.780E+06

0.0004E00 2.6505+08

O.OOoE+00 1.060E+0S

-
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

CHILD
(m0 *mremlyr per uCUsec)

Nueltde

H-3

C-14

NA-24

P-32

CR-51

MN-54

MN-Se

FE-55

FE-SO

CO-57

co-Ss
00-60

Nr-63

NI-65.~~CU6
ZN-6

ZN-SO

BR-82

BR-83

BR-84

BR-85
RB-as

RS-Se

RB-89

SR-SO

SR-GO

SR-Q1

SR-92

y-90
Y-91M

v-S1
Y.02

Y-93

Bone

O.OOOE+00

1.650E+06

9230E+06

7.770E+10

0.000E+00

0.OOOE+00

0.0002E00

1.120E+08

1.200E+08

.OOOE+00

0.0002+00

0.000E+00

2.960E+10

1.660E+00

0.000E+00

4.130E+09

O.OOOE+00

O.OOOE 00

O.OOOE400

O.WOE+00

O.OOOE+00

0.000E+00

O.O00+00

O.OOOE+00

6.620E+09

1.120E2 t1

1.410E+05

2.190E400

Liver

1.5702+03

3.2 90E05

9.230E+O6

3.640E+09

O.OOOE+00

2.090E+07

1.310EA02

5.930E+07

1.950E+08

3.840UE06

12101+07

4.320E207

1.590E+09

1S60E-01

7.55OE+04

1.100E+10

O.OE+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

8.770E+09

0.000E*00

O.OOOE+00

O.OOOE+00

0.000E+00

0.0002+00

0.000E+00

Tbody

1.570E+03

3.290E+05

9230E+06

3.0002+09

1.020E+05

5.8E0+06

2.950E-03

1.840E+07

9.710E+07

7.770E+06

3.720E+07

1.270E+06

1.0102+09

9.110E-02

4.550E+04

&.850E+09

0.0000E+0

0.000E+00

O.OZOE+00

O0.000+00

0.0002+00

5.390E+09

O.OOOE+00

0.0002400

1ASOE+O8

2.830E+10

5330E+03

B760E-02

8.610E+00

O.OOOE+40

1.040E+03

7.030E-06

2.M000-02

Thyroid

10E+03

3.290E+05

9.230E+06

0.000E+00

6.660E+04

0.OOOE+00

0.000E+W

O.0OE+00

0.000E+OO

0.0000E+0

0.000E+O

0.000E+00

0.0000E+0

O.OOOE400

0.000E+O

0.WOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

O.OOE00

O.OOOE+00

0.000E+00

0.0002+00

0.OOE00

0.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.000E+00

O.O0OE+00

O.OOOE+00

Kidney Lung

1.570E403 1.570E+03

3.290E+05 3290E+05

9.230E+06 9230E+06

O.OE0+00 0.000E+00

1.550E+04 1.030E+05

.870E+06 0.000E+00

1.G80E-02 O.OOOE+O0

O.OOOE+O 3.350E+07

O.OOOE400 5.650E+07

O.OOOE+00 0.000E+00

O.OOOE+00 OOOOE+OO

0.000E+00 O.OOOE+00

0.0002E00 0.000E+00

0.000E+00 O.OOOE+00

1.820E+05 0.000E+0

6.940W+09 O.OOOE400

0.0002E00 0.00015+00

0.O0E+00 0.000E+00

0.0000E+0 O.OOOE+00

0.0002E+0 0.0002+00

0.0002+00 O.OO0+00

O.OOOE+00 0.0008+00

0.000E+00 O.OOOE+00

Q.OOOE+00 O.OOOE+00

0.000E+00 0.0000E+0

O.OOOE+00 O.OOOE+00

0.0002+00 0.0002+00

O.OOOE+00 0.000E+00

0.000E+00 O.O0E+00

0.000E+00 0.000E+00

OO00E+00 O.OOOE+00

O.OOOE+00 O.OOOE+00

0.000200 O.OOOE400

Gitmact

1.570E+03

3.290E+05

8.230E+06

1150E+09

5.410E+06

1.780+07

1.900E+00

1.100E+07

2.030E+08

3.140E+07

7.0S0E+07

2.39DE+08

1.070E+08

1.810E401

3. 540E+06

1.030E+09

2.140E-09

O.OOOE+00

O.OOOE+00

0.000E400
".OOE+00

5.640E408

O.OOOE+OO

O.OOOE+OO

2.56PE+08

1.5102409

3.120E+05

4.140E+01

9.150E+05

0.000E+0

5210E+06

7.100E+00

1.5702+04

3.220E+02 - 0.000E+00

0.000E+00 O.OOE+00

3.910E+04 0.000E+00

2460E-04 0.000E+00

1.060E+00 OOOE+00
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

CHILD
(mz 'mrenmyr per uC~sec)

NuaItdo

ZR-95

ZR-97

NB-es

NS-97

MO-99

TC-99M

1C-101

RU-1OS

RUJ-I05

RU-106

RHI-I03M

RH-lOS

AG-Ib0M

SB-122. SB124,
SB-125

TE-125M

TE-127M

TE-127

TE-129M

TE-I129

TE-I31M

TEs-I3i

TE-132

1-130

(-131

1-132

I-133
-1434

1-135

GS4134
CS-138

MM- 3

CS4138

Bons Lver Tbody Thy7Old

3.840£+03 .450E+02 7.520E+02 0.000E+00

1.890E400 2.720E-01 1.810E-01 0.0000E+0

* 3.180E+05 1.240E05 8840E+04 O.OE00

0.00E+00 0.000E+00 O.OOOE+00 0.000E+00

0.000E+0 8.290E+07 2050E+07 O.OOOE+00

1.290E+01 2.540E+01 4.200E+02 0.0000E+0

0.000+00 0.000E00 0.0002E00 OOOO+00

4290E+03 0O.OE+0 O 1.650E+03 0.0000E+0

3.8202-03 O.OOE+00 1.390E-03 0.000E+00

9.240E+04 0.0000E+0 1.150E+04 0.0002E00

O.0OOE+00 O.OOOE+00 O.OOOE+00 0.OOOE+00

O.OOOE400 O.OOOE+00 0O.OOE+00 0.000E+00

2.09OE+08 IAIOES08 1.130E+08 0.000E+00

4.140E+0B 4.320E+05 5.230E+07 T870E+05

3.820E+09 4.700E+07 1270E+09 7.990E+06

2.900E+09 2.240E+07 3.080E+08 2.690E+08

7.380E+07 2.000E+07 9.840E+0 2.070E+07

2.0805+08 5.800E407 2470E+07 4.970E+07

3.080E+03 &250E*02 8.60E+02 2.120E+03

2.720E+08 7.S10E.07 4.230E+07 8.7802+07

0.000E+00 O.OOOE+00 O.OOOE+00 O.0OE+00

1.6WE+00 5.530E+05 5.890540O 1.140E+08

O.OOE+50 O.OE0+00 0.0OE+00 0.0000E+0

1.020E+07 4.5205+40 5.480E06 56.5802E08

1.750E+08 3.540E408 1.820E+50 3.9002+08

1.300E409 1310E409 7A60WE03 4.340E+11

8.860E-01 1.250E+00 5.800E-01 5.850E+01

1.760E407 2180E+07 8.230E403 4.040E+09

0.000E*00 O.OOOE 00 0.000E40 O.OOOE+00

5.840£+04 10504E05 4.9702404 9.3002405

Z262510 3.710E+10 7.33E09 0.0004E00

1.000E+09 2.780E+09 1.790E+09 0.000E400

3.220E+10 3.090E+10 4.550E209 O.OOOE*00

0.0002E400 OW0E+o00 0.W00e000 0.000S+00

10dney

1210E203

3.910E201

1.160E505

O.OOOE00

1.77DE+08

3.68E+02

O.OOOE+00

1.080E+04

3.360E-02

1250E+05

O.OOOE+00

O.OOOE+00

2.630E+08

2.040E408

O.OE00

0.0000E+0

O.02E+40

5.930E+08

8.710503

8OO0E+08

2.870E-09

5.35E+06

O.OE200

4.200E+07

5290E+08

2.1502409

1.9304E00

3.130E+07

O.ooo0+00

1.810E+05

1.150E+10

1.470E+09

1.010D+10

O.00E+00

Lung Gltrct

0.000E+00 8.810E+05

0.000E+00 4130E+04

0.0000E+0 2.290E408

0.0004E+0 1.450E-08

0.OOOE+00 8.8605407

1.290E+01 1.440E+04

0.0000E+0 O.OOOE+00

0.0000E+0 1.110E+05

.O0OE+00 2.490E+00

O.OOOE+00 1.440E+08

0.000E+00 0.0002E00

0.0002E00 0.000E+O0

0.000E+00 1.680E+10

&890E+05 5.150E+08

2.010E209 2.2605+10

1.820E+09 0.930E+09

0.0000E+0 7.120E+07

O.OOOE+00 1.580E+08

0.000E+00 1.200E+05

o.OOE00 3.320E+08

O.OOOE+00 8.1202E08

0.OOOE+00 2240E+07

0.000E+00 O.OOOE+00

0.0000E+0 4.55o0+07

0.000E400 1.660E+08

0.000E+00 1.170E+08

0.0000E+0 .1.480E+00

O.OOOE+00 8.770E+O8

0.0000E+0 O.OOOE+00

0.000E400 8OOE+04

4.130E+09 .000E+08

2.190E+03 9.700E+07

3.620E+09 1.930E+03

O.OOOE+00 0.000E+00

-
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

CHILD
(m2 *mrem/yr per uCIsec)

Nucflda
BA-139

BA-140

BA-141

BA-142

LA..140

LA-142

CE-14i

CE-143
CE.144

PR-143

PR-1"

ND-147

EU4154

EUJ-155

W-157. NP-239

Bone Uvar Thody

2.140E-07 0.000E+00 6.190E209

1.170E+08 1.030E+05 6.840E+06

O.OOOE+00 0.000E+00 O.OOOE+00

O.OOOE+000 0.0000E+0 O.OOE+00

1.930E+01 6.740E+00 2.270E+00

O.ODOE+O0 0.000E+00 0.000E.00

2.190E+04 1.090E+04 1.620E+03

1I.9OE+02 1.020E+05 IA.80E+01

1.620E+06 O.090E+05 8.660E+04

7.230E+02 2.170E+02 3.590E+01

0.000E+00 O.0OE+00 O.OOE+00

4450E+02 3.600E+02 2.790E+01

9420E+04 8.470E.03 7.740E+03

1.070E+04 1.420E+03 1.110E+03

2.910E+04 1.720E+04 7.730E+03

1.720E+01 1.2302+00 8.680E-01

Thyroid

0.000E+00

O.OOE+00

O.O0E+W

O.OOE+00

Q.OOOE+00

0.000E+00

O.OOOE+0O

0.000E+0

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

O.WOE+00

O.ODOE+0O

O.OOOE+0O

O.OOOE+00

Idney Lung

0.OOOE+00 0.000E+00

3.3402+04 6.120E+04

0OOE+00 0.000E+00

O.OOOE00 0.000E+00

O.OOOE+00 0.O00E+00

O.OOE+00 0.000E+00

4.780E203 .000E+00

4.290E+01 0.000E+00

2.8202.E+05 0.0E000

1.170E+02 0.000E+00

0.000E+00 0.000E+00

1.980E+02 0.000E+00

3.720E+04 0.0OE+00

5300E+03 0.000E+00

0.OOOE400 0.000E+00

3.570E+00 O.OOOE+00

Gitract

1.230E-05

5.940E+07

0.000E+40

0.000E400

1.880295

2610E-06

1.360E407

1.500E406

1.330E+08

7.800E+05

O.OOOEO40

5.7102+05

1.9702E06

3.5404OE0

2.420E+06

9.140E+04
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Attachment 12
* Gaseous Effluent Pathway Dose Factors

GRASS-COW-MILK DOSE FACTORS
INFANT

(in2 mrem/yr per uCLsec)

Nudide Done Uver Thody Thyrold Kldney Lung Gtrct

H-3

NA-24

P-32

CR-SI

MN-58

FE-85

CO-57

CO-5B

CO-80

NM-6

NI-65

CU-54

ZN-89

SR-82

BR-8s

BR-84

BR-8S

RB-as

RB-88

RE3-8S

SR-8g

SR-90

SR-9i

SR-92

Y-90

Y-21M

Y-91

Y-92

Y-93 -

.OOOE+00

3230E+05

1.81GE407

1.600E+11

O.OODE+00

O.000E+00

0.0000E+0

1.350E+08

2.250E408

O.OOOE00

0.0000E+0

0.000bOO

3A90E+10

3.510E200

0.000E+00

&.0E+09

0.0000E+0

O.OOOE+00

O.OOOE00

0.OOOE+00

0.000+00

O.OOOED00

0.0002+00

O.OOOE+00

1.280E+10

1.220E+11

2940EtC5

4.650E+OD

6.80E+02

0.0002W0

7.33DE+04

5.22DE-04

2.380E+03 2.380E403

8.8902405 6.890E+05

1.610E+07 1.610E+07

9.42GE 09 6.210E+09

O.OO0E+00 1.61DE+05

3.890E+07 .830E+08

3.210E-02 5530E-03

8720E+07 2.330207

3.930E+08 1.550E+08

8.5ME+06 1.460E507

2.430E+07 B.080E+07

&810E407 2080E+08

2160E509 1210E+09

3.970E-01 1.810E-01

1.802E+05 8.690E+04

i.0oo010 .780E+09

0.OOE+000 0.000E+00

0.0000E+0 O.OOOE+00

0.000+00 0.000E+00

o.oooEo00 O.0OOE+00

O.OE+00 O.OOOE+02

2 OE110 1.100E+10

0.OOE+00 O.OOE200

0.00W+00 O.OOOE+00

0.0004E+0 3.1loE+08

.OOOE+00 3.100E+10

0.000E400 1.080E+04

0.000+400 1.7302-01

0.0004+00 1.820E+01

0.000E+00 0.000E+00

0.000E400 1.950E+03

0.OOOE+00 1A70E-05

.2.380E+03 2.380E+03

8.890E+05 0.890E+05

1.610E+07 1.6102E407

0.000E+00 0A0E00

1.050E+05 2.300E+04

0.000E+00 632+406

O.000E+00 2.780E-02

0.000E+00 0.0000E+0

0.000E+00 O.0OOE+00

O.OOOE+000 0.00+200

0.000E+00 O.OOOE+00

O.OOOE+00 0.000E+00

0.000E+00 0.000E+O0

O.OOE+00 0.000E400

0.0002+00 3.170E+05

0.000E+00 9.230E+09

.OOOE+000 0.0000E+0

O.W0OE+00 O.OOE+00

0.000E+00 O.O0OE+O4

0.000E+00 O.OOOE+00

0.0004+00 0.00E400

O.OOOE+00 O.OOOE+00

O.WOE00 0.0002+00

0.000.00 0.0002+00

O.OOE+00 0.0000E+0

O.OOOE+00 O.OOOE4

0.OOOE00 O.OOOE+00

0.000400 0.0000E+0

0.0002E00 O.OOOE+00

0.000E+00 0.0000E+0

0.00020E+O0 .OOE+00

0.000E+00 0.0000E+O

O.OOE+00 O.OOOE+00

2.38E+03

&890E+05

1.610E+07

O.OOOE+00

2.050E+05

0.0000E+0

0.000E400

4.270E+07

1.160E403

0.000E+00

O.OOOE500

0.000E+00

0.000E+o0

O.OOOE+00

O.OE00

0.0000E+0

0.000E+00

0.000E+00

O.OOOE00

O.OOOE+00

0.000E+00

0.0000E+0

0.000E+00

O.OOOE+00

0.OOOE+00

0.000E+00

0.000QE00

0.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.OOOE+OO

2.380E+03

3.890E+05

1.610E+07

1170E+09

4.710E+08

1.430E+07

2.910E+00

1.110E+07

1.880E+08

3.050E407

5.050E+07

2.100E408

1.0702+08

3.020E501

3.850E+08

1.610E410

7E3605-09

nO.OOE+00

0.00DE+00

O.OOOE+00

O OOOE+OO

&6902+08

0.000E+00.

0.0002400

2.590E+08

1.520.+09

3A80E+05

.010E+01

9.390E+05

0.000E+00

S260E+09

9.970E-+OO
25OE400 0.000E+00 6.130E-02 0.000E+00 1.780E404

0
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

INFANT
(ml mrem/yr per uCVsec)

Nucride

ZR-O5

ZR-7

NB-GO

NB-97
MO-so

TC-99M

TC-101

RU-103

RU-105

RU-l0G

RH-I 03M

RH-4OB

AG-I10M

SB-122. SB-124
8B-125

TE.125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

TE-131

TE.132

1-130

1-131

1-132

1-133

1-134

1-435

CS-134

CS-I 36

CS-I137

.A CS-138

Bone

6.830E+03

3.S90E+00

5.630E+05

0.000E+00

000E+00

2.96OE+01

0.000E.00

8.690E+03

8.080E-03

1.9tOE+05

0.003E+00

0.000+00

3.860E+08

6.400E+O05

6980E+09

4"0.09

1.510E+08

4.210E+08

6.500E+03

5.590E+08

2.080E-09

330E+06

.OOOE00

2.100E+07

3.600E+06

Liver Tbody

1.660E+03 1.180E+03

6.850E-01 3.130E-01

2.440E+05 1A10E+05

0.000E+00 0.0006+00

2.120E+08 4.130E+07

5.550E+01 7.150E+02

O.OOOE+00 O.OOOE+00

0.OOOE+00 2.SOE+03

O.OOOE+00 2.710-03

0.0000E+0 2.380E+04

0.OOOE+O0 O.OOOE+00

0.000E+00 0.0000E+C

2.820E606 1.860E+08

6670E+05 8.080E+06

1.030E+08 2.160+09

4.820E+07 1.020E+09

5.040E+07 2.040E+07

1.400E+08 5.1006+07

2.180E+03 1AOOE+03

1.920E+08 8.120E+07

O.OOOE+00 0.000E+00

1.3606+06 1.120E+06

O.OOOE+00 O.WOE+00

1.040E+07 9.720E+06

7.920E+06 3.180E406

Thyroid idney

0.000E+00 1.790E+03

0.OOOE+OO 6.910E-01

O.OE+06 . t.750E+05

0.000+00

0.000W+00

0.0000E+0

0.000+400

0.000+00

0.O00E+00

0.000E+00

0.0006E+0

O.OGOE+00

O.OOOE+00

1.060E+05

1.850E+07

6.240E+06

5.070E+07

1.220E+08

5.290E+03

2.150E+08

1.750E-08

2.760E+06

O.00E+00

1.540E+07

8.880E+08

1.050E+12

1350E+02

S.84OE+09

1.010E-09

2.160E+07

0.0006+00

0.000E+00

0.000E+00

0.000+00

0000E+00

3.170E+08

&970E+02

0.000Q+00

1.810E+04

5.920E-02

2.2506+05

0.000E+00

O.00OE+00

4.030E+08

3.150E+05

0.000+00

0.000E+00

0.00E2+00

1.040E+O0

1.590E+04

14W0E+09

5.1806E09

9.350E+06

0.000+00

6.S10E+07

6700E+06

3.750E+09

3220E+00

6.360E+07

0.000E+00

2.690E+05

1.750E+10

2.300E+09

1.620E+10

O.OOOE+00

Lung

0.000E+00

00002E+00

O.OOOE+04

0.000E+00

0.000E+00

2.900E+01

OOWOE+00

0.000E+00

00006E+00

0.000E+00

OOOE+00

0.000E+00

0.000E+00

1.370E+05

4.370E+09

3.130E+09

O.OOOE+00

0.000E+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.0WE+00

Q0000+00

O.OOOE+00

0.000E+00

Q000E+00

0.000E+00

0.000E+00

7.180E+09

4.700E+08

6.550E+09

OOOOE+00

Glract

e8280E+05

4.370E+04

2.060E+08

3.700E-06

6.980E+07

1.610E+04

O.OOOE+00

1.060E+05

3210E+00

14402+06

O.OOOE+00

0OOE6.00

1460E+10

7.950E+07

2.150E+10

6.640E+09

7.180E+07

1.700E+06

1.360E+05

3.340E+60

1.6%0E207

2.290E+07

0.000E+00

3.850E.07

1.700E+06

1.150E+08

2.340E+00

9.180E+06

O.OOOE+00

8.740E+04

1.806E+08

8.760E+07

1.880E+08

0.000E+00

2.720E+09 3.21OE+09 1A100+09

1420E+00 2.8906+00 1.030E600

3.720E+0? .4tOE10+07 1.560E+07

O.OOOE+00 O.OOOE+00 0.OOOE+00

1.210E+05 2A10E+05 8.800E+04

3.650E+10 6.800E+10 6.870E+09

1.960E+09 6.770E+09 2.150E+09

5.16OE+10 6.020E+10 4.270E+09

0.000+.00 0.000E+00 O.O0OE+00
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS

INFANT
(mi *mremnlyr per uCXsec)

Hucilde Liver Tody Thyroid . Kidney Lung . tract
BA-13O

BA4140

BA-14

&0A-142

LA-140

LA4I42

* CE.141

* P1.143

* CE.144

PR-143

PR-144

NO4147

EU-154

EU-135.W W-187
NP-239

4.550E-07 O.ODOE+00

2.410E+08 24iOE+05

0.000E+0 0.000E+00

.0OE+D00 0.000E+00

4.030E+01 1.590E+01

0.0002E00 OOOOE+0O

4.330E+04 240E+04

4.COOE+02 2.850E+05

2330E+00 9.520E+05

1.49DE+03 5.50E+02

O.OOOE+00 O.000E+00

8.820E+02 9.060E+02

1.080E+05 1.S00E+04

2210E+C4 1550E+03

6.120E+04 4.280E+04

3.640E+41 32502400

1.320E-08 0.00+00 0.000E+00 0.000E+00 2.8801-05

1.240E+07 O.OOE+00 &730E 404 1.480E+05 5.920+.07

O.OOOE+OO .OODE+OO 0.OOOE+OQ0 .OOOE+00 0.000E+00

O.WOE+000 0.OOOE+00 O.OOOE400 0.000E+00 O.OOOE+00

4.090E+00 0.000AE+0 0.000+00 .0002E+00 1.870E+05

0.00O+O0 O.0E+00 O.OOOE+00 O.OOOE+00 52102-05

.3.110E+03 0.00.00 8.150E203 O.OOOE+00 1.37E+07

3.020E+01 0.0001200 7.720E+01 0.000E+00 1.550E106

1.300E O.0OE+00 3.85Et05 0.000E+00 1.330E+08

7.410E+01 0.0002E00 200E+02 O.OOOE+00 7.89E+.05

0.000E+00 0.000E+00 0.000E+00 O.OOOE+00 O.OOOE+00

5.550E201 0.000400 3.490E+02 0.000E+00 5.740E+05

9.010E+03 0.000E+00 4;0702404 O.OW0E+00 1.880E+08

1.320E+03 O.00+400 5.7102E03 O.OOOE00 3.410E+08

1.470E+04 0.0001E400 0.000400 0.2OWE00 2.50E+08

1.840E+00 O.O00E+00 e.490400 0.OOOE+OO 9.400E404
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

ADULT
(in2 mrem/yr per uCVsec)

Nulilde

H-a

C-I'

NA-24

P432

CR-51

MN-54

MN-SB

FE-55

FE-SB

CO-57

CIO-Ss

00-60

NM-6

NM-6.* CU-64
mes6

ZN-SB

BRR42

BR-83

BR-84

BR-85

RB-88

RB-88

RB-SB

SR-Se

SR-gO

SR91

SR-92

Y-G0

Y-9Im

Y-g1

Y-92

Y-03

- ZR-OS

Bone

O.OOOE+00

3.630E+05

3.050E+05

2060E+10

0.000E+00

O.OOOE+00

0.000E+00

3260E+05

S870E+05

0.000E+00

0.AOO+00

ODOE+400

&070E+08

4A40E-02

0000E+00

1.650E+08

C.OOOE+00

O.OOOE+00

0.000E400

O.OOOE00

0.00QE+00

0.OOOE+00

0.0OOE00

O.OOOE+00

3050E+M09

9.830E+10

6.580E+04

1.030E+O0

B.480E+00

O.OOOE+00

1.030E403

6510E-06

2.8WE-02

1.140E+02

Uver

1.580E+03

7.260E+04

3.050E+05

1270E+09

O.OX0E+00

1.010E+06

5.080E-04

2.250E+05

9.090E+05

1540E+05

5.660E+05

1.970E+06

5.6002E07

5.770E-03

2.690E+03

5240E+08

O.OOOE+00

0.000E+00

0.000E+O0

O.OOOE+00

O.OOOE+00

3.110E+08

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.00E+00

O.OOOE+00

0.000E+00

0.000E+00

O.0OE+00

O.OOOE+00

3.640.E01

Tbody

1.56E+03

7.260E204

S.050E+05

7.930E+08

3.430E+03

1.920E+05

2.010E205

6.260E204

3.490E+05

2.550E+05

1.270E206

4.340E+06

2.710E+07

2.630E-03

1260E+C3

2.370E+08

0.OOOE.00

3.900E+06

1.240E-02

O.0WOE+00

O.OOOE+00

1.450E+08

O.OOOE+00

0.000E+00

6.740E+07

2410E+10

2.660E+03

4A40E202

2280E-01

0.00+00

2.760E+01

1.900XE7

7.720E-04

2.470E+01

Thyrold

1.560E+03

7260E+04

.3.0504+06

O.OOOE+00

2.050E+03

0.000E+00

0.000E+00

0.000C+00

0.0002E00

0.000E+00

0.OOE+DO

0.000E+00

0.OOOE+00

O.OOOE+00

O.000E+00

0.OOOE+00

O.OOOE+00

O.OOOE+00

0.0002E+0

O.OOOE+00.

0.0000E+0

0.OOOE+00

0.000E+00

00002+00

0.000E200

O.OOOE+00

O.OOOE+00

0.000E+00

O.OOE+00

O.OOOE+00

0.0000E+0

0.000.E+0

O.OOOE+00

O.OOOE+00

Kidney

1.560E+03

7.260E+04

3.050E+05

O.OOOE+00

7?560E+O2

3.000E205

S450E2-4

0.000E+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.00OE+00

O.OOOE+00

O.OOOE+00

.770E+03

3.600E+08

0.000+00

0.000+00

0.000E+00

0.0000E+0

O.OE00

O.OOOE+00

0.00O+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.0000E+0

0O00E0+O0

O.OOOE+00

O.OOE+00

O.OOOE+00

5.710E+01

Lung

1Z604E03

7.26E+04

3.050E+05

0.000E+00

4.560E+03

0.000E+00

0OOE+00

12602E45

1540E+05

O.OOOE+00

O.OOOE+00

00002E+00

O.OOOE+00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

O.OOOE+00

O0.OOE+00

0.000E+40

0Q000E+00

O.OOOE00

0.000E+00

0.000E+0

0.000bE00

O.OOOE+00

O.OOoE+00

0.0000E+0

Gltract

1.560E+03

7.260E+04

3.050E+05

1310E+09

8.640E+05

3.090E+06

1.20E-02

1290E+05

3.030E+06

3.900E+06

1.150E+07

3.700E+07

1.170E+07

IA86E-01

2290E+05

3.300E+08

0.0OOE+00

4A70E+06

1.790E202

O.OOE+OO

0.060E+00

6.1402+07

0.000E+00

O.OOOE00

4.90E+08

2.840E+09

3.130E+05

2.030E+01

8.990E+04

O.OOOE+00

5.68OE+05

1.140E201

8.870E+02

t.150E+05
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Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

ADULT
(in 'mremlyr per uCGsec).

Nucdlds

ZR-97

NB-95

NB-97'

MO-GO

TC-99m

TC-101

RU-I103

RU4I06

RU-lOS

RH4I03M

RH4-lea

AG-110M

S9-122

82-124. S34-25
TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

TE-131

TE-132

1-130

1-131

1-32

1-133

1-134

1-135

C-S-134

CS-13O

CS-137

CS-I 38

Bono Uver Thody

5.110E-02 1.030E-02 4.710-E03

9.900E+03 8.510E+03 2.960E+03

O.OOOE+00 0.000E.00 O.OOOE+00

0.0W+00 3.030E06 .760E+05
3.900E-01 1.100E+00 1400E+01

O.OOOE+00 0.0000E+ .O .OOOE+00

1220E402 0.000E400 5.270E+01

.O30E-04 . 0.0000E+0 4.060E405

Thyroid ICdney

0.000E+00 1.S8OE.02

0.0002E00 5.440E+03

A.OOOE+00 . O.OOOE+00

2460E+03

0.000E+00

0.OOOE400

&9WE+06

7.210E+04

3.090E+0S

14502E08

1.950E+08

5A90E206

8.06CE+01

7.250E+08

O.OOOE+00

4.330E+04

0.-00E+00

2.870E+05

5.110E+05

3.560E+08

1.960E-O1

4.760E+OS

0.0002W0

1.870E.04

1.700£+10

7.840E+08

2.210E+10

O.OOOE+00

O.OOOE+00 3.1002E02

O.OOOE+00 00 .00E200

O.OOOE+0 O 0.000E+00

SA70E+08 3.84E4-08

7.520E+04 9.110E+05

5.840E+04 1.2202-+06

2.740E404 .840E+05

7.08DE405 2.920E205

1.950E+03 6.902E+05

.890E+01 1.7402+01

2.710E+06 1.150E0

O.00E+00 0.000E.00

2.120E+04 1.770E+04

O.0OE+000 0.000E+00

1.860E+05 1.740E+05

1.510E+03 5.950E.05

5.090E+08 2.920E+08

5.250£-01 1.84E2-01

&2802E40 2.52bE+O0

.OOOE+000 0.000+00

4.360E+04 1.810E+04

4.030210 .300+E10

3.090E+09 2.230E+09

3.030E210 1.980E+10

0.0OOE+00 O.000E+00

0.000+00

.OOOE+00

0.000E+00

0.0002E.0

O.OOOE+00

O.OOOE00

O.OOOE 00

O.OOOE+00

0.000E400

1.200E+04

7.490E203

2A90E+03

5.880405

1.400E+05

5.970E+01

2.490E+08

0.000E+00

1360E+04

0.000QE00

2.050E+05

1.280E+08

1.570E+11

1.840E+01

1.20E+09

0.000E+00

2.880E+o0

0.000E+00

O.O0OE+00

O.OOOE+00

0.000E+00

3.8S2E+06

1.670E+01

0.OOOE+00

4.670E+02

1.330E203

4.730E+03

0.000E+00

O.OOOE+00

1.2702+07

3.550E+04

O.COOE+00

O.OOOE+00

7.950E+0O

2.230E+07

3.280E+02

3.030E+07

O.OOOE+00

150E+205

O.OW0E+00

1.790E+0O

2.350E+08

&720E+08

8.360E.01

1.440E+07

0.0004E+0

0.990E+04

i.310E210

1.720E+09

1.030E+10

O.002E+00

Lung

0.000E+00

0.000S+00

0O00O+C00

0.oxe0+00

5400E-01

0.OOOE+00

0.000+00

O.OWE200

O.OOOE+00

0.0002+00

0.OOE+00

0.0002+00

1.560E+04

2 410E+0O

1.890E+40

O.OOOE+00

0.000Q+00

O.OOOE+00

0.000E+00

0.000E+00

0.OOOE+00

O.OOOE+00

O.OOOE+00

0000E+00

0OOOE+00

0.OOOE+00

0.000E+00

O.000E+00

0.000E+00

4.330E409

2380E+08

3A20E+09

0.000E+00

oftrct
3.190£403

3.340E+07

0.000E+00

7.020E+06

6.2E+02

0.00OE+00

1.430E+04

8.290E02

1.580E+05

0.00E+00

0.00DE+00

2840E+09

.902E+405

&770E+07

2.7002+07

7.810E+20

1.840E+07

6.3804E03.

3.65DE407

O.OOE+00

11004E06

O.OOE400

8.7902+S0

1.300E+06

1.340E+08

9.880E-0O

7.440E+05

OOOOE+O

4.920E+04

7.060Et03

3.520E+08

5.8302408

O.OOE+00

-
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Attachment 12

-Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

ADULT
(m2 *mrem/yr per uCI/sec)

NudIlde

BA-I139

BA-140

BA-141

BA4142

LA-I140

LA-I142

C-141

CE.143

CE-I"4

PR-143

PR-144

NO.47T

EU-I154

EU-155. W-187
NP-239

Bone

5.640E-09

3.230E406

0.00OE.Oo

0.0002+00

6.380E-01

0.000E+00

5.510E+02

5.020Ee00

4.290E+04

1.910E+01

0.0002400

1.130E.01

2.840E.03

3.950E+02

7.870E.02

4.390-01

Liver Tbody Thyroid

0.000E+00 0.00E+00 0OOEOO0

405OE+03 2.110E+05 0.000E+O0

O00E+00 0.000E+00 O.OOOE+00

0.000E+00 0.000E+O0 0.000E+00

2.710E-1 1.990E+04 O.OOOE+00

0.000E+00 0.000E+00 0.000E+00

3.930E+02 4.450E+01 0.000E+00

3.710E+03 4.102E-01 0.000E200

1.790E+04 2.300E+03 0.000E+00

7.650E+00 9.450E-01 0.0WE+0

0.00DE200 0.000E20 O.O002E+00

1.310E401 7.620E-01 O.000+00

3.490E+02 2.4802+02 0.000E+00

5.610E+01 3.620E+01 0.000E+00

i58OE+02 2.300E+D2 0.000E+00

4.320E-02 2.380E-02 .LOOOE00

KIdney Lung

0.0O0Ei00 0.000E+00

1,380Ee03 2.3202+03

0.OOOE.00 0.000E2+00
0.OOOE+00 O.OOOE+00

0.000e.00 0.000E+00

0.000E+00 0.000E+00

1.B20E+02 O.OO0E+00

1.630E+O0 0.000E.00

1.060E+04 0.000E+00

4.410E00 0.000E+00

0.000.E+0 0.000E+00

7.640E+00 0.000EY+O

1.870E+03 0.0000E+0

.590E+02 0.000E+00

0.000E+00 0.000E+00

1.350ED-1 0.OW0E+00

Gltract
i.000E-08

6.6502406

0.000O+00

0.000E+00

1.M90E+04

3.640E-09

1.500E+06

I.390E+0S

1A50E+07

8.350E+04

0.OOOE+00

6270E+04

2.530E+05

4.410E+04

2.160E+05

&8600E+03
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

TEEN
(i 2 *mrem/yr per uClsec)

Nudide Bons Liver Tbody

H-3

C-14

NA-24

P-32

CR-51

MN-54

MN-68

FE-55

FE-59

co-57

CO-Sa

co-so

NI-8a

NI-O5O CU-4,
40 ZN-65

ZN469

BR-82

BR-e3

BR-84

BR-85

R8-88

RB-88

RB-9

SR-89

SR-90

SR-91

SR-92

Y-90

Y-QIM

y-g1

Y-92

Y-93

0.000+00

8.700E405

&330E+05

3.780E+10

0.000E+00

0.0000E+0

O.OOOEOO

5.790E+05

S.750E+05.

0.0002+00

0.000E400

O.OX0E+00

1.420E+09

U130E 02

O.OWOE+OO

2.532E+08

0.000240

0.0OOE200

0.0002E40

O.OOOE+00

0.000E+00

0.0002Et0

O.OW0E+00

O.O0E000

&.20E+09

1.390E+11

1.210E+40

1.880E+00

1.5802E01

0.OOOE+00

1.900E+03

1.200E-05

5.160E-02

2.0302+03 2.030E+03

1.340E+05 1.340E+05

5.330E+05 5.330E+05

2.340E+09 1.470E+09

0.000E+00 6.000E+0

1.680E208 3.330E+05

9.0102-04 1.6800-04

4.100E+05 9.570E+04

1.580E+08 8.0002+05

2.690E+05 4.520E+05

9.5402+05 2.200E+08

3.340E+08 7.510E+08

1.000E+08 4.810E+07

1.040E-02 4.730E-03

4.790E+03 2.250E+03

8.780E+08 4.090E+08

0.OOOE+00 0.OOOE+00

0.000E+00 88702E+05

0.000E+00 2.230E-02

O.OOOE+00 O.OOE+00

0.000E+00 0.0002+00

5.870E+08 2.670S0o8

O.OOO+00 O.OOOE+00

O.OOE+00 0.000E00

0.0004+00 1.180F.+08

0O.OE+00 3.4301+11

O.OOE+00 4.810+E03

O.OE+00 8.0102-02

0.OWE+00 42000E1i

0.000E+00 O.OOOE+00

O.OOOE+00 5.090E+01

O.OOOE+00 3.480E-07

0.000+00 1.410E-03

Thyroid

2.030E+03

1 S2405

5.330E+05

0.00E0+00

3.330E+03

O.OOOE+00

0.00E0+00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

0.000E00

0.000E+00

0.OOE+00

O.OWE+00

0.000E+00

O.OW2E+00

0.000E+00

0.000E00

0.000E+O0

0.000E+00

0.000E+00

0.000E+00

0.000E+00

0.000E+00

OOOE+00

O.OOOE+00

O.OOOEf00

0.000E+00

O.OOOE+00

O.OOE00

Kadney Lung

2.030E+03 2.030E+03

1.340E+05 1.340E+05

5.330E+05 &330E205

0.000E+0 O.OOOE+00

1.310E+03 85B0E+03

5.010E+05 0.0000E+

1.140E 03 0.000E+0

0.000E+00 2.600Ef05

O0.0OE+00 4.970E+05

0.00E+00 0.0002E00

0.000E+00 0.00E+00

O.OOOE+00

o.OAE+00

0000E+00

1210E+04

5.e20E+oa

0.0002.00

O.OOOE+00

0.400E+00

0.000E+00

000E+00

0.000E+00

O.OCOE+00

000E+00

O.0OE+00

OD0OE+4C

O.OOOE+00

0.0002+00

0.000E400

O.OO0E+00

O.000E+00

O.WOE+00

0.OOOE+00

0000E+00

O.COOE+00

0.000E+00

00002E+00

O0J+00

O.OOOE+00

0.000+O

0.000E+00

0.000E+O

0.000E00

0.000E+00

0.00OE+4

0.0000E+0

0.000E+O

O.0OE+00

O.OOOE+00

0.0000E+0

0.0002+00

O.OOOE+00

0.0000E+0

0.OOE+00

0.0002E+4

Gltract

2.030E+03

1.340E205

5.330E+05

.180E+09

1.010E+08

3.440E+08

S.930E-02

1.780E+05

3.730E+06

5.03OE+08

1.310E+07

4.350E+07

1590E407

5.640E-01

3.7102+05

3.720E+08

0.000E+00

o.OooE+00

0.ooOE+W

O.0OE+00

0.000E+00

8.A0O2f07

O.0E0+00

O.OOOE00

5.690E+08

3.9002E09

5.480E+05

4790E+01

1.290E+05

0.0000E+0

7.780E+05

3.300E01

1.580E+03

-

....
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

TEEN
(in2 mremtyr per uCllsec)

Nuclide

ZR-O5

ZR-97

NB-95

NB-97

MO-99

TC-DOm

TC-I11

RU-I103

RU-105

RU-I 06

RH-103M

RH-10G

AGAI M

SB-122

$8-124

SB-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-1311

TE-131

TE-132

1-130

14131

1-132

1-133

1-134

1-135

CS-134

cs-136

CS-137

CS-138

Eone

1.99O02E

9.300E-02

1.690E+04

0.000E+00

O.OOOE+00

6.770E-01

O00E+00

2.180E+02

1.880E-04

4.5OOE+03

O.OOOE+WO

.OWOE+00

1.160E+07

9.310E+04

5.510E+06

4.380E06

3.600E+06

1.010E+07

1.A0E+02

1.330E+.07

0.000E+00

7.890E+04

O.000E+00

5.13DE+05

8.990E+05

6.450E+08

3.480E-01

8.690E+06

0.000E+00

2.960.E04

2.940E+10

1.3302409

4.020E+10

0.000E+0

Uver Thody

6:260E+01 4.310E+01

Thyroid Kidney Lung

0.000E+00 .I200E+01 O.OOOE+00

O.OOOE+00 2.790£-02 O0oo0E+00-

Gitract

IA450E.05

4.980E.031.640E-02 8.480E-03

9.370E+03 6.160E+03

0.000E400 0.OOOE+00

5.70E+06 1.040E+06

1.890E+00 2450E+01

O.OOOE00 0.000E+00

0.000E400 9.310E+01

QOOOE+OO 7.29OE-05

O.000E+00 5.670E+02

0Q00E+O0 O.OOOE+OO

O.OOOE+00 0.000E+00

1.090E+07 6.650E+06

9.710E+04 *.180E+06

1.020E+05 2.150E+06

4.790E+04 1.030E*06

1.300E+06 4.8202*05

3.590E+06 1.200E+06

5.290E+01 3.210E.01

4.920E+06 2.100E206

0.000E+00 0.0002E00

3.7802+04 3.150E+04

O.OOOE+00 O.OOOE+00

3.250E405 3.060E+05

2.600Et06 1.040E+06

9.030ED08 4.850E+08

9.110E-01 3.270E-01

1A70E+07 4.500E+06

0.000400 O.OOOE+OO

?.620E+04 2.820E+04

6.0302+10 3.210E+10

&250+09 3530E+09

5.340E+10 1.860E+10

0.000E+00 O.OOOE+00

O.OOOE+00 S.00E+03 O.OOOE+00 4.010E+07

O.OOOE00 0.00OE+00 0.000E+00

O.OOOE+00 1.250E+07 O.OOOE00

0.0002400 2.810E+01 1.050E+00

0.000E400 0.000E+00 0.OOOEE00

0.00E200 7.E70E+02 0.0000E+0

0.OOOE+00 2.370E-03 0.0002E00

O.OOOE+0 0 8.680£+03 O.OOOE+00

O.OOOE+00 0OOE+00 O.000200

O.OOOE+00 0.OOOE+00 O.OOOE+00

O.OOOE+00 2.090E+07 0.OOOE+00

1.540E+04 4.580E+04 2.000E+04

1.250E+04 0.000E400 4.810E+06

4.190E203 O.OOOE00 3850E+06

1.010E+06 0.000E+00 0.000E+00

2.410E+06 4.100E+07 Q.OOOE+00

1.030E+02 6A0E+02 0.OOOE+00

4280E+06 5.550E+07 0.0000E+0

0.000E+00 O.OOOE+00 0.000E+00

5.690E+04 3.940E+05 0.OOOE+00

0.000E+00 O.00E+00 0.000E+00

3.430E+05 3.120E+06 6.0002E00

2.120E406 4.010E+06 .OOOE+00

2.6402+11 1560E+09 O.OOOE+00
3.070E+1 1.430E+00 0.0000E+0

2.060E.09- 2.590E+07 O.OOOE+00

O.OOOE200 O..OE+000 0.000E+00

4.900E+06 1.200E+05 0.0E+00

0.OOOE+00 2.200E+10 8410E+09

O.OWE+O0 2.60E+09 4.510E+08

O.OOOE+00 1.820E+10 7.060E+09

O.OOOE+00 O.OOOE+00 O.OOOE+00

7.610E-09

0.800E+06

1.240E+03

O.OOOE+00

1.820.E04

1.520E-01

2.160E+05

0.000E+00

0.000E+00

3.070E+09

1.160E+07

1.110+06

3.410E+07

1.060E+07

2.520E+07

1.150E+04

4.980E+07

O.OOOE+00

3.030E+06

O.O00.00

1.030E+07

2.000E+06

1.790E+08

3.970E-01

1.120E+07

O0.00E+00

8.440E+04

8.620E+08

4230E+08

7.6002

0.0002+00S0
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

TEEN
(m2 mremlyr per uCIsec)

NucIlde Bon. Llvw Tbody Thyroid Kidney Lung altract

BA-139

BA-140

BA-141

BA-142

LAr140

LA-I42

C8-141

CE-143

CE4-I"

PR-143

PR.144

ND-I147

EU-154

EU-155. W-187
NP-239

1.04CE-08 O.0002E00

5.830E+08 7.140EI+03

0.000E00 0.000E400

O.OOOE+00 Q.OOOE+00

9.780E-01 4.750E-01

1.980E-12 .780E-13

1.0802+03 7.110E+02

9230E+00 &720E+03

7.ME+04 3.270E804

3.00E+01 IAOOE+Ot

0.000E+00 0.000+00

2.18QE201 2.370E+01

4.700£+03 S.070E+02

1.030E203 9.97CE+01

1.44DE+03 1.170E+03

&390E-01 7.91 E-02

0.000E+00 0.0002E00

3.750E+05 0.000E+00

O.OOOE+00 0.OOOE+00

O.OE+00 O.OOOE00

1.260E-01 O.OOOE+00

2.190E-13 0.000E400

8.170E+01 0.000E400

7.500E-01 0.000E+00

4240E+03 O.OOE000

1.740E+00 0.000E+O

0.0000E+0 O.OOOE+OO

1.420E+0 0.000E+00

4.2802E02 O.OOOE+00

8.170E+01 0.0000E+0

4.110E+02 0.0002E00

4.390E-02 O.OOOE+00

0.000E+00 0-.000E+00 9.310E-08

2A20E+03 4800E+03 .980E+08

O.OOOE+00 O.OOOE+00 0.000E+00

0.000E+00 0.000E00 0.0002E+00

O.OOOE+00 O.OOOE+00 2.730E+04

0.000E+00 0.0000E+0 2.670E-08

3.350Ef02 0.0000E+0 2.030E+08

3.010E+00 Q.OOOE+00 2.020E+O5

1.950E+04 0.000E+00 1.990E+07

8.130E+40 O.OOE+00 1.150E405

0.0002E00 0.00E000 O.OOE200

1.390E+01 0.000E00 3.530E+04

2.720E203 O.OOOE+OD 3.210E205

3.9002.02 O.OOE200 6.71G0E05

0.000O400 0.0002E00 3.180E+05

2.480E-01 0.000E+00 1270E+04

0
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Attachment 12
Gaseous Effluent PaUway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

CHILD
(mi2 'mremlyr per uCI/sec)

tNuclide Bone Liwr Tbody Thyroid Kidney Lung Gltact

H-3 0.OOOE+00 3200E+03 3200E+03 3.200E+03 3.200E+03 3.200E+03 32DOE+03

C14 1.650E+06 3.290E+05 3290E+05 3.290E205 3.290E+05 3.292E+05 329DE+05

iA24 1.1102406 1.10E+0 6 1.110E606 1.110E+06 1.t10E+06 1.110E+06

P-32 8.330E+10 4.370E+09 3.600E+09 0.0OXE400 O. OOOE400 0.000200 2.80E09

CR-i1 0.OOOE+OO 0.OOOE+00 12202+4 6B30E403 1.860E+03 1.240E+04 6A90E+05

MN-64 O.OOOE+O0 2.5102+06 5690E205 0.000DWE+ 7.050E+05 0.000E+00 2.11E0+06

MN-56 O.OOE400 1.570E-03 3.550E-04 0.000E400 1.900E-03 0.000E+00 228DE-01

FE-55 1.450E+06 7.700E+05 23902+45 O.OOE+O 0.000E+00 4.360E+05 1A30E+05

FE-59 1.5702E06 2.5302+06 1.260E206 O.OOE+00 0.000E400 7.3E50205 2.640E+06

CO-57 O.OOOE+00 4.600E+05 B.320E+05 0.000E+00 O.OOOE+00 0.000E+0 3.770E206

CO-58 0.000EB00 1A60E+06 4.460E+06 0.0002E00 0.000E+00 O.OOOE+00 8.500E+06

CO-60 O.000E+00 S.180E+06 1.0E+07 O.OOOE+00 OO002E+00 0.O0E+O0 2870E+07

NI-63 3.560E209 1.900E+08 1210E+08 0.0002E00 0.000E+00 0.000E+00 1280E+07

IW65 1.990E-01 1.870E-02 1.090E.02 0.0E+00 O.OOOE+00 0.000E+00 2.0E+00

CUW64 0.000E+00 8.410E+03 5.080E+03 0.000E+00 2.030E+04 O.000E+00 3.950E+05

ZN-WC 4.960E+08 1.320E+09 R 20E+06 0.000E.0 8330E+08 0.000E+0 2.3202+08

ZN69 0.000E+00 0.000+00 O.OOOE+00 O.002E+00 0.000E+00 0.000E+00 O.OOE+00

BR-82 .OOOE+00 0.000E+00 190E+07 O0.0E+00 0.000E+00 0.000E+00 O.OO0E+00

BR-83 OOOE+00 0.000200 5.620E-02 0.000E+00 0.0000E+0 O.OO2+00 0.000EE.00

BR-84 O.OOOE+00 0.000E400 0.0002+00 O.0002.00 0.00WE+00 0.000E+00 0.000E+00

BR-5 O.O00E+00 0.002E+00 O.OO0E+00 O.0000E+0 O.000E+00 O.OOE+00 0.000E200

RS-6 0.000E+00 1.I0209 6.470E+08 0.000E+00 0.000E+00 0.000E+00 6.770E+07

RB-W 0.0000E+0 O.OOOE+00 0.OOOE+00 0.000E+O0 0.000E200 O.OOOE+00 O.O000E00

RB-89 O.OOOE+00 0.000E+00 0.0000E+0 O.0OE+00 O.OOOE+00 0.000E+00 0.000E+00

SR-89 1.390E+10 0OOOE+00 3.970E+08 O.OOOE+00 O.OOOE002 O.O.000+O 6 E80248

SR-90 2.350E+11 O.OOOE+000 .OE+10 0.0000 0.0002+00 O .OOOE +00 3.19E0409

SR.91 2.970E+05 0.000E+00 1.120E+04 0.000E40 0.000E+00 O.OO0E+00 6.550E+05

SR-G2 4.590E+10 0.000E+00 1.840E-01 0.000E+00 O.00,2+00 0.0002E00 8.690E+01

Y-90 3.WDE+01 0.000E+O0 1.030E+00 0.000E+00 0.000E200 0.000O00 1.100E405

Y-41M O.OOOE00 0 O.O00E+00 OOOE00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Y'-1 4.690E+03 O.OOOE+00 1.250E+02 0.000E+00 0.000E+00 0.000E+00 6.250E+05

Y-92 2950E-05 0.000E+00 &440E.07 0.000E+20 O.OOO00 0.000E+20 85202.M

Y-S3 1.270E21 O.000E+00 3480E-03 0.000E+00 O.OOOE+00 0.000E+00 1.590E203

ZR-95 4.610E+02 1.01E02+02 9.030E+01 0.000E+00 1.450E+02 O.O2E+00 1.060E+05
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

. CHILD
(m2 mremlyr per uCVsec)

Nudilde
ZR-97

NB-97

TC-99m

TC-010

PLJ-1 03

RU-10S

RU-I06

RH.103M

RH-joe
AG-I1bM

S3-122

SB-124. SS-125
TE-125M

TE-127M
TE4127

TE-MM9

TE5129

TE..131M

TZ-131

T7z-132

5.130

1-131

1-132

1-133

5-134

1.135

CS-134

CS-138

CS-I137

CS-138

gne Liver

2.260E-01 3.270E-02

3.810E+04 1.480E+04

0.0002E+00 0.00E200

O.OOOE+00 9.950E+08

1.550E+00 3.040E+00

0.0002E00 0.000z+00

5.150E+02 OOOOE+00

4.690E-04 O.OOOE+00

1.110E+04 0.0004+00

O.OOOE+00 Q.OOOE+00

O.OOE+00 0.0002E00

2.510E+07 1.69007E+

7.880E+04 8.010E+04

1.300E07 1.90E+05

1.040E+07 .050E+04

83850E+05 2.400E+08

2.5OE+07 6.720E+06

3.870E+02 9.910E+01

3.270E+07 9.130E206

O.OOOE+000 0.000E+0

1.920E+05 0.640E+04

0.000.+00 0.000E+00

1.230E506 5.420E+05

2100E206 4.250E+08

1.570E+03 1.5702+09

8.230E-01 1.510E+00

2.110E07 2.510E+07

0.000E+00 0.000S.00

7.000E404 1260E+05

.790E+10 1.110E+11

3.0102409 8.26E+09

9.B70E+10 9.280E+10

0.000E+00 O.O0OE+00

lbody

1.930WE02

1.060E404

O.OOE+00

2460E+06

5.040E+01

0.000E400

1.980E+02

1.680-E04

1.380E+03

0.000E+O0O

0.000E200

1.350E+07

9.700W+05

4.570E+O6

2.190E408

1.180E+08

2.960E+08

7.880E+01

5.080E+08

0.000E+00

7.070E+04

O.OX£E+00

6.550E+06

2190E+06

&9505E.0

3.960E-01

9.880E2+0

0.000E+00

5.9605+04

2.350E410

5.3B0E+09

1.370E+10

0.WOE+00

Thyroid

0.000E+00

0.000E00

0.000E+00

0.000E+00

0.000E+00

O.OOOE00

0.000E+00

0.0005E00

0.00E+00

O.OOOE+00

O.000E+00

0.0002+00

t270E+04

2.8B0E+04

9.S70E+03

2480E508

5.970E+08

2.540E+02

1.050G4E07

00004E+00

1.370E+05

0.0005.00

7.900E+05

4.60E+08

5210E+11

7.020E+01

4.850E+09

O.OO0E+O0

1.120E+07

0.000E+00

0.000E+00

0.000E+00

0.000E+00

Kldney Lung

4.690E202 0.000E+00

1.390E+04

0.000E+00

2.120E+07

4A20E+01

0.0000E+0

1.300E+03

4.0302-03

1.50+404

O.000E+00

0.000E+00

3.150E+07

3.780E+04

O.000E+0O

O.000+500

0.000E+00

7.120E+07

1.050E+03

9.505E+07

0.000E+00

BA30E+05

O.W0E+OO0

5.040E+08

8.350E+0O

2.580E+09

±320E+00

4.350E+07

0.000E+00

1.9305405

3.450E4+10

4.410E+09

3.020e410

0.000E+00

00002E+00

0.005E400

0.000E+00

1.550E+00

0.0000E+0

0.000E+00

0.000E+00-

O.OOOE+00

0.0002+00

0.000E+00

0OOE+00

1.650E504

7242E+08

5.820E+06

0.000E+00

O.0000E+0

O.OOE+00

O.000E400

0.0000E+0

0.000E+00

0.0000E+0

O.OOE+00

O.000E+00

0.000E+00

O.000E+00

0.000E+00

O.OOOE+00

0.000E+00

1240E+10

8.5802+03

1.090E+10

0.000E+00

Gitract

4.950E+03

2.750E+07

1.7402.07

8230E+08

1.730E+03

0.000E+00

1.330E+04

2.99E-01

1.7202E05

0.000E+00

0.000£400

2.010E509

9.540E+08

6.150E407

2490E+02

8.540Z406

2.020E+07

1A40E+04

3.990E+07

7.340E-09

2.690E+03

0.000E+00

5.4ME+08

t.990E+0S

1i400E+08

1.78CE+OO

1.050E+07

0.0005400

9.600E+04

S.010E+08

2.910+0

5.800E+08

O.OOOE+00

-
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

CHILD
(m2 *mrem/yr per ucIsec)

Nucflds

BA-139

BA-140

EA-141

BA-142

LA-I140

LA-142

CE-141

CE4143

CE-144

PR-143

PR-144

ND-i147

EU-154

EU-I155

W-157. NP-239

Bone Uver

2.560E-08 O.WOE+00

1.410E+07 1.230E+04

0.OOOEW00 OOOE+O

O.OOOE+00 0.0000E+0

2.310E+OO 8.090E-01

4.770E-12 1.520E-12

2.e20E+03 1.310E203

2270E+01 1230E+04

l.50E+05 6.100E+04

8.670E+01 2.600E+01

O.OOOE+00 0.000E+00

S.340E+01 4.320E+01

1.130E+04 1.020E+03

2.360E+03 1.700E+02

3.490E+03 2.070E+03

2.060E+00 1A80E-01

Tbody Thyroid

O.OOOE+00 O.OOOE+00

8210E+05 .OOOE+00

O.OOOE+00 0.000E+00

0.000E+00 QOOOE+00

2.730E-01 0.000E+00

4.770E-13 O.OOOE+00

1.040E+02 O.OOOE+00

1.780E+00 0.000E+O

1.040E+04 O.OOOE+00

4.300E+00 O.OOOE+00

0.0000E+0 O.OOOE+00

3M50E+00 0.000E+00

9290E+02 0.000E400

1.330E+02 O.OOOE+00

.270E+02 O.OOOE+00

1.040E-01 0.OOOE+00

Kidney Lung Gitact

0.0000E+0 O.OOOE+00 1 A80-E06

4.010E+03 7.340E+03 7.120E+06

O.OOOE+OO O.OOOE+00 O.OOOE400

O.OOOE+00 O.OOOE+00 0.000E+00

O.OOOE+00 O.OOE+00 2.260E+04

O.OOO+00 O.OOOE+00 3.020E-07

5.730E+02 O.OOOE00 1.630E.+06

6.150E+200 0.0002E40 1.eE005

3.380E+04 O.OOE+02 1.9OE07

1.410E+01 0.000E+00 9.350E404

O.OOOE+00 0.000E+00 0.00024E0

2.370E+01 0.000E+00 .850E+04

4.470E+03 OOO.E+00 2.360E+05

.630E+02 O.OO2E+00 4250E+05

0.WOOEi00 0.000E+00 2.900E+05

4.20E-01 O.OOOE200 1.100E+04
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Attachment 12
Gaseous Effluent Patway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

INFANT
(m2 *mremlyr per uCVsec)

Nuclide Bons Uver Thody Thyrold Kidney Lung Gitract

H-3

C-14

NA-24

P-32

CR-51

MN-84

MN-W

FE-65

FE-59

CO-ST

CO-5o

NI-63

NI-OS. CU-64
isZN-65

ZN-SO

BR-82

BR-83

BR-84

BR-85

RB-80

RMU3

RB-89

SR-SO
SR-go

SR-el

SR-92

y-90

Y-Sim

Y.9l

Y-92

y-93

ZR-95

0.000Q+00

3230E+06

1.930E+0D

1.920E+11

0.000E400

0.000E+00

O.0OE+00

1.760E*05

2920E+06

O.OO0E+00

0.000E+00

O.OOOE+00

4.190E+09

4.210E-01

O.OE+00

&865E+08

0.000E+00

O.OO0+00

O.OOOE+00

O.0005400

O.O0E+00

0.000E+00

O.OOOE+00

O.OOOE+00

2.640E+10

2.550E411

.180E+05

9.760E+OO

8.160E+01

0.000E+00

.800E+03

6270E-05

2700E-01

.1002.02

4.880E+03 4.860E503

6.8902+05 6.890E+05

1.930E+06 1.930E+06

1.130E+10 7.450E+09

0.0005E00 1.940E+04

4.870E+06 1.080E+08

3.850E503 6.930E-04

1.130E+08 3.030+05

5.110E+40 2010E+06

1.070E+06 1.750E+06

2.910E+05 7.270C+0O

1.060E+07 2.500E+07

2.590E+05 1.450E2+0

4.770E-02 2.170E-02

2090E+04 9.80E+03

2280E+09 1.050E+09

0.000+00 0.0005E+00

0.000E+00 2.330+07'

0.000E+00 1.1905-01

0.000E+00 0.0005E00

0.000E+00 0.0001.00

2.70E+09 1.320E+09

0.000z+00 0.0005E+O

0O.OE+00 O.0OE+0O

0.000E00 7.580E+03

O.OO0E+00 &5004E10

0.000E+00 2240E+04

0.0005E00 3.8205-01

0.000E+00 2190E100

0.000E+00 0.0002+00

O.OOOE+00 2.340E+02

O.00E+00 1.760E-06

O.OOOE+00 7.350-E03

2.0005402 1.420E+02

4.850E+03 4.B60E+03 4.860E+03

8.890E+05 S.890E+05 189WE+05

1.930E+06 1.930EO08

O.O0WE+00 O.OOOE+00

1.260E+04 ±7605+03

0.000E+00 1.0402E08

0.000E+00 3.310E-03

0.00E+00 0.000E+00

0.000+E00 O.OOOE+00

.OOOE+00 0.000E+00

0.OOOE+00 O.OOOE+00

0.0002+00 O.OOOE+00

O.OOO+00 0.000E+00

O.00E+500 0.o000E+o

0.000E+00 3.540E404

O.OOOE+00 1.110E+09

0.000O+00 0.040E+00

0.000E+00 0.0000E+0

O.O0E+00 O.OOOE+W

O.OOE+00 O.OOOE+00

0O.OE+00 0.0000E+0

0.000E00 O.OOOE+00

0.000E+00 0.0005+00

0.OooE+OO O.OOOE+00

O.00E+00 0.000e+00

0.0000E+0 O.05E+00

O.OOOE+00 O.O5E+00

0.000E+00 0.0002+00

0.0002+00 O.OOOE+00

0.000E+00 0.0002+OO

0.00E+00 0.0000E+0

0.0005E00 0.000E+00

O.OOOE+00 0.00E+00

0.00GE+00 2.150E+02

1.930E+06

0.0005+00

2.460E+04

O.OOOE+00

0.000E+00

5.540E+05

1.510E+08

0.0005400

0.000E+00

0.000E+00

0.000a+00

0.000E+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.000E+00

0.000E+00

O.OOOE+00

0.OOOE+00

O.OOOE+00

0.000E+00

0.000+00

0.0000E+0

O.OOOE+00

O.OOOE+00

0.000E+00

O.OOOE+00

O.OOOE+00

0.0005400

O.OOOE+OO
0.000E+00

0.000E+00

4.880E+03

S.89GE+05

1.9OE5+05

2.5005+09

5.650E+05

1.720E+05

3A9OE-01

1.440E+05

2.440E+G8

3.0E+06

2.520E+07

1290E+07

3.305E00

4.290E+05

1.30E+09

0.000E+00

0.000S+00

0.00000

O.000E+00

O.OOE+00

6.830E+07

0.000E+00

0.00Q+00

5.4305+08

3.190E+03

7.310E105

1.G50E+02

1.130E+05

0.OOOE+00

8.310E+05

1.20DE+10

2.130E403

9.940E+00
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS

INFANT
(W2 4mremlyr per uCItsec)

Nudide

ZR-97

NB-95

N8-97

TC-99M

TC-101

RU-103

RU-105

RU-1 06

RH-103M

RH-106

AG1 10M

S6-122

SB-124

. 8S-125

TE-125M

TE-127M

TE-127

TE-129M

TE-129

TE-131M

TE-131

TE:132

1-130

1-131

1-132

1-133

1-134

1-1

CS-134

CS-136

CS-137

CS-138

Bone

4.790E-01

7.120E+04

6.580E-12

0.0002E00

3.230E+00

0.000E+00

1.040E+03

9.670CE04

2.280E+04

0.000E+00

O.OOOE+00

4.630E+07

7.680E+04

2.510E+07

1.790E+07

1.810E+07

5.050E+07

7.80E+02

6.710E+07

0.0002E00

4.050E+05

O.OOOE+00

2.520E+06

4.320E+05

3.270E+08

1.710E+00

4.460E+07

0.000E+00

1.480E+05

1.090E+11

5.880E+09

1.540E+11

O.OOOE+OO

Livr

8.220E-02

2.930E+04

1.410E-12

2.640E+07

6.660E+00

0.000E+00

O.000E+00

O.OOOE+00

0.000E+00

0.00OE+O0

0.0002+00

3.380E+07

8.010E+04

3.700E+05

1.7402+05

6.050E+06

1.680E407

2.610E+02

2.300E+07

0.000E+00

1.630E+05

OD.OOE+00

1.250E+06

Q.510E+06

3.850E+09

3A70E+00

6.90E+07

0.000E+00

2.900E+05

2.040E+11

1.730E+10

1.810E+11

QO.OE+00

Thody Thyroid

3.760E-02 O.OOOE+OO

1.690E+04 O.OOOE+00

5.070E-13 O.O0E+400

4.980E+06 O.O0E+00

8.570E+01 0.0002+00

0.000E400 0.000E+00

A9A0E202 0.0002+00

3.260E-04 O.OOOE+00

2.8SOE+03 O.OOOE+00

.OOOE+00 O.O0E+00

0.0002.00 0.000E+00

2.240E+07 O.OOE+00

9.700E+05 1270E+04

7.790E+06 6.670E+04

3.690E+06 2.250E+04

2.450E206 6.090E+06

6.120E+06 1.460E+07

1.6802E02 6.350E+02

1.030E+07 2.580E+07

0.0002E+0 0.000E+00

1.350E+05 3.310E+00

0.0002E00 0.0OE+0

1.170E+06 1.840E+06

3.820E+06 1.070E+09

1.690E+09 1270E+12

1.230£+00 1.630E+02

1.900E+07 1.180E+10

0.000+00 1.210E-09

1.060E+05 2.600E+07

2.060E+10 O.OOE+00

6.460E+09 O.OOE+00

1.280E+10 0.ODE+O0

0.000E+00 O.OOOE+00

Kldney

8.290E-02

2.100E+04

1.100E-12

3.800E+07

7.1602+01

O.OOOE+00

.2.170E+03

7.t10E-03

2.700E+04

0.000E+00

0.0000E+0

4.840E+07

3.7802+04

0.000E+00

0.000E+00

0.0000E+0

1.240E+08

i.9002E03

1.680E+08

0.000E+00

1.120E+06

0.000E+00

7.8202E06

1.040E+07

4.500E+09

3.870E+00

7.630E+07

0.000E+00

3.230E+05

52502.10

6.900E+09

4.&50E+10

O.WOE+00

l.Unc

0.000E+00

0.0002+00

0.000E+00

O.OOOE+00

3.480E+00

O.OOOE+00

O.OOOE+00

O.WOE+00

0.000E+00

0.003E+00

0.000E+00

O.OOOE+00

1.650E+04

1.570E+07

1.130E+07

0.000E+00

O.OOOE+00

0.000E+00

Q.OOCE+00

O.OOOE+00

0.0002+00

0.000E+00

O.OOOE+00

O.WOE+00

O.0E+00

0.000E+00

0.000+00

O.OOOE+OO

O.O0OE+00

2.150E+10

1A10E+09

1.960E+10

O.OW0E+00

Gitract

5.240E203

2.470E+07

4.440E-07

8.830E+06

1.930E+03

0.000E+00

1.270E+04

3.850E-01

1.730E+05

0.000E+00

0.000E+00

1.750+09

9.540E+06

7.750E+07

2.390E+07

8.620E+06

2040E+07

1.640E+04

4.010E+07

2.0OE-08

2W750E+06

0.000E+00

4.620E+06

2.040E+06

1.370E+08

2.810E+00

1.100E+07

O.00E+00

1.050E+05

6.540E+08

2.630E+08

5.650E+D8

O.OOOE+00
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Attachment 12

Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILU DOSE FACTORS

INFANT
(m2 *mremlyr per uCIsec)

Nuwido Bons Liver Tbody Thyroid Kidney Luna V.11aarKidney t�Ifr�I

SAA39
BAM40

BAM41

BA-142
LA-140

LA442

CE-I141

cE-143
CE-144

PR-143

PR-144

ND-147

EU..154

ELL165. W.187
tWN-239

5.450E-08

190E407

O.aOOE4OO

0.000E00

4.840E200

0.000OE

5.2002+03

4.BOOE+01

2.790E+05

1.790E+02

O.OOOE00

1.060.E02

1.300E+04

2.850WE03

7.350E+03

4.36020+0

0.00E400 1.580E9-0

2.890E204 4A90E+20

O.0002E00 O.OOOE+0 O

O.OE00200 O.OOOE+00

1.910C+00 4.900E-01

O.OOOE+00 O.00+200

3.170E203 &730E+02

3.180E+04 3.830E+00

1.140E+05 1.SO0E+04

&71OEi01 8.90E+00

O.OOOE+00 O.OWE+0O

1.090E202 6.S8oE+00

1.B002E03 1.080aE+03

3.080E+02 1.580E+02

5.110E+03 1.770E+03

3.900E2-0 2.210£401

0.000E+00 0.000S.00

0.000E+00 8.870E+03

O.OOOE+00 0.000E+00

0.OOOE+00 0.000E00

O.OOOE+00 0.000£+00

0.000E+00 0.0O200

0.000E+00 9.780E+02

0.0OE000 9270E+OO

Q.OOOE+00 4.820E+04

0.000E+00 2A902+01

O.OOOE+00 O.OOOE00

Q.OOOE+00 4.190E+01

O.OOOE+00 4.890E+03

O.OOOE00 6.850E+02

0.0002+00 0.000£+00

0.000E+O 7.780E-01

0.000+00 3.450E-05

1.780E+04 7.110E+06

0.000E+00 O.O02E+00

0.000E+00 O.OOOE400

O.OE0000 2.240E204

O.OOOE+00 00 0.0o002

O.02OE+O0 1.640E408

O.OOOE*00 1.860E+05

0.000E+00 1.600E07

0.0002E+00 9.47E04

0.0 002.00 0.0002+00

O.OOOE+000 .89OE+04

O.OOOE+00 2250E+05

0.000E+0D. 4.100E+05

.OOOE+00 3.000E+05

0.000E+00 1.130E+04
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Attachment 13
Environmental Monitoring Sites for REMP

SAMPLE SITE

DR1
DR2
DR3

N'

W%

SECTOR c

W
FNW

HISTANCE'
km mli

DESCRIPTION

DR4 WSW

DR5
DR6, A4
DR7, Al, Ib4, 1b5. Ib6

DR8, A2

DR9, A3
DR10
DRI I

DRt2
DR13
DR14
DR15
DR16
DR17

DR18
DR19
DR20
DR21, AS, Ib7, IbS. Ib9
DR22
DR23
Wal
Wa2, lal, la2
Wbl
Ibl, Ib2, Ib3.
1a4, la5

la3
1a6

SW
SSW
S

SSE

SE
NW
WNW

W
WSW
SW
SSW
S
SSE

0.6 0.4 Onsite, Along Cliffs
2.7 .1.7 Rt. 765, Auto Dump
2.3 1.4 Rt. 765, Giovanni's Tavern (Knotty

Pine)
2.0 1.2 Rt. 765, Across from White Sand

Drive
2.4 1.5 Rt. 765 at Johns Creek
2.9 1.8 Rt. 765 at Lusby, Frank's Garage
0.7 0.5 Onsite, before entrance to Camp

Conoy
2.5 1.5 Carmp Conoy Road at Emergency

Siren
2.6 1.6 Bay Breeze Road
6A 4.0 Calvert Beach Rd & Decatur St
6.6 4.1 Dirt Road off Mackall Rd & Parran

Rd
6.7 42 Bowen Rd & Mackall Rd
6.1 3.8 Mackall Rd near Walivilie
6A 4.0 Rodney Point
6.2 3.9 Mill Bridge Rd & Turner Rd
6.5 4.1 Across from Appeal School
6.9 3.7 Cove Point Rd & Uttle Cove Point

Rd
7.1 4.5 Cove Point
4.4 2.8 Long Beach
0.4 0.3 Onsite, near shore

19.3 12.1 Emergency Operations Facility
12.5 7.8 Solomons island
12.6 7.9 Taylors Island, Carpenter's Property
0.2 0.1 Intake Area
0.3 0.2 Discharge Area
0.6 0.4 Shoreline at Barge Road
2.6 1.6 Garden Plot off Bay Breeze Rd

ed by Plant Patuxent River

SE
NW
NNW
WNW I
S I
ENE I
NNE
N
ESE
SSE
(Area not Influence
Discharge)
E
NNW

0.9
10.7

0.6 Camp Conoy
6.7 Kenwood Beach

Distance and direction from the central point of the two containment buildings.
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Attachment 14
Radiological Environmenlal Monitoring Program

Surveillances for Direct Radiation

(1) Each sample point shall be monitored using two or more dosimeters OR one Instrument for measuring and
recording dose rate continuously.

*(2t LLD for fLDs used for environmental measurements shall be In accordance with the recommendations of
Regulatory Guide 4.13.
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Attachment 15
Radiological Environmental Monitoring Program

Surveillances for Airborne Activity

RADIOIODINE CANNISTER

PARTICULATE FILTER (1)

PARAMETER. UNITS FREQUENCY LLD ACTION LEVEL (5

Gross Beta Activity pCIm' at least weekly (2 0.01 NWA (

Cs-134 pCumS at least quarterly (4) 0.05 10.0

Cs-137 pCVm' at least quarterly (4) 0.06 20.0
S

(1) All samples consist of continuous sampler operation with sample collection weekly, or more frequently if
required by dust loading.

(2) Analyze for gross beta actIvity 24 hours or more after sampling to aliow for radon and thoron daughter
decay.

(3) Although there Is not an ACTION Level for gross beta activity, f this parmeer is greater than ten times the
yea ny mean of the control sample, perform GAMMA ISOTOPIC ANALYSIS on fte Individual sample.

(4) erform a GAMMA ISOTOPIC ANALYSIS of a quarterly COMPOSITE SAMPLE. A separate COMPOSITE
SAMPLE shall be prepared for each sample location, Al thru A5. Each COMPOSITE SAMPLE shall be a
prepared from Indidual particulate fiter samples collected during the appitcable calendar quarter end from
a single location.

(5) 1f an ACTION Level Is exceeded, check the Initlatlng conditions Dsted In Radiological Environmental
Monitoring Program section 5.c and Radiological Environmental Monitoring Program section 5.d, and
perform the corrective actions specified In Radiological Environmental Monitoring Program section 7.d
and/or Radiological Environmental Monitoring Program section 7.e.
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Attachment 16
Radiological Environmental Monitoring Program

Surveillances for Waterborne Activity

SURFACE WATER SAMPLE °

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL -

H-3 pCi/i at least quarterly 2000° 20,00014)

Mn-54 pCi/I at least monthly 15 1000

Fe-59 pC II at least monthly 30 400

Co-58 pCIM at least monthly 15 1000

Co-SO pCin at least monthly 15 300

Zn-5 pCi/l at least monthly 30 300

Zr-95 I Nb-95 pCi/i at least monthly 15 400

1-131 pCI/I at least monthly 1M 12

Cs-134 pCiti at least monthly 15 30

Cs-137 pCI/i at least monthly 18 50

Ba-1 40 La-1 40 pCII at least monthly 15 200

SHORELINE SEDIMENT SAMPLE

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL C

CS134 pCI/kg, dry at least semIannually 150 NIA

Cs-137 pCltkg, dry at least semiannually 180 NtA

The water sample shall be a composite of indhildual samples collected over a 1 month pedod.
If an ACTION Level Is exceeded, check the Initiating conditions listed In sections REMP SECTION 5.c and
REMP SECTION 5.d. and perform the corrective actions specified In section REMP SECTION 7.d and/or
REMP SECTION 7.e.
If a drinking water pathway does not exist, a value of 3000 pCU may be used.
If a drinking water pathway does not exist, a value of 30,000 pCIAi may be used.
LlD for drinking water samples. If no drinking water pathway exists, the LLD of the gamma Isotopic
analysis may be used.

(3)
(4)
(5)
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Radiological Environmental Monitoring Program

. Surveillances for Ingestible Activity

FISH AND INVERTEBRATES (1)
------

MILK

FOOD

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL T

Mn-54 pCI/kg, wet 130 30,000

Fe-59 pCi/kg, wet 260 10,000

Co-58 pCI/kg, wet 130 30,000

Co-O pClkg,wet 130 10,000

Zn-65 pCVkg, wet 260 20,000

Cs-134 pCIkg, wet 130 1000

Cs-137 pCI/kg, wet 150 2000

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL |

1-131 pCI/, wet at least monthly (4) 3

Cs-I134 pCI/, wet at least monthly(4) T 15 60

Cs- 137 pCII, wet at least monthly (4) 18 70

Ba-140 / La-140 pCUA, wet at least monthly (4) 15 300

PRODUCTS

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL (

1-131 pCI/kg, wet at least monthl?' 60 100

Cs-134 pC11kg, wet at least monthl?).- 60 1000

Cs-137 pC0kg, wet at least monthlP) 80 2000

Edible portions of the fish and Invertebrates shall be used for analysis.
The fish and Invertebrates shall be sampled at least once per year In season, or semiannually If they are not
seasonal.
The food products shall be sampled during the growing season.
The milk samples need be collected and analyzed only if the milk Is commercially ava3lable In quantities
greater than 310 lIters per year (see NUREG-0133, 5.3.1.1).
If an ACTION Level Is exceeded, check the Initiating conditions listed In Radiological Environmental
Monitoring Program section 5.c and Radiological Environmental Monitoring Program section 5.d, and
perform the corrective actions specified in Radiological Environmental Monitoring Program section 7.d
and/or Radiological Environmental Monitoring Program section 7.e.

(1)
(2)

(5)
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Environmental Monitoring Sites for ISFSI

STATION DESCRIPTION DISTANCE)
(Klometers)

DIRECTION 1

(Sector)

AIR SAMPLERS
A1'
SFAI
SFA2
SFA3
SFA4

TLD LOCATIONS
SFDRI
SFDR2
SFDR3
SFDR4
SFDR5
SFDRS
SFDR7
SFDR8
SFDR9
SFDRIO
SFDR11
SFDRt2
SFDR13. SFDR14
SFDR15
SFDR1B
DR72
DR30

VEGETATION
SFbt
SFb2
SFb3
SFb4
SFb5

SOIL
SFS1
SFS2
SFS3
SFS4
SFS5

On Site Before Entrance to Camp Conoy
Meteorological Station

CCNPP Visitors Center
North Northwest of ISFSI

South of ISFSI

Southwest of ISFSI
North of ISFSI

North Northeast of ISFSl
Northeast of ISFSI

East of ISFSI
East Southeast of ISFSI
CCNPP Visitor's Center

North Northwest of ISFSI
South of 1SFSI

North Northwest of ISFSI
West Northwest of ISFSI

West of ISFSI
South Southwest of ISFSI
South Southeast of ISFSI

East Northeast of ISFSI
West Southwest of ISFSI

On Site Before Entrance to Camp Conoy
Meteorological Station

Meteorological Station
CCNPP Visitoes Center

North Northwest of ISFSI
South of ISFSI

On Sits Before Entrance to Camp Conoy

Meteorological Station
CCNPP Visitor's Center

North Northwest of ISFS1
South of ISFSI

On Site Before Entrance to Camp Conoy

0.7
0.4
0.7
0.1
0.1

0.1
0.1
0.1
<0.1
CO.1
0.1
0.7
0.1
0.1
0.1
0.1.
'0.1
<0.1
0.1
cO.1
'0.1
0.7
0.4

OA
0.7
0.1
0.1
0.7

0.4
0.7
0.1
0.1
0.7

SE
NW
NNE
NNW

S

SW
N

NNE
NE
E

ESE
NNE
NNW

S
NNW
WNW

W
SSW
SSE
ENE

WSW
SE
NW

NW
NNE
NNW

S
SE

NW
NNE
NNW

S
SE

Distance and direction from the Central Point of the ISFSI.
Common to both the REMP and the tSFSIMP.
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Map of Environmental Monitoring Sites for ISFSI
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Map of Environmental Monitoring Sites for ISFSI (ENLARGED)
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Effluent Radiation Monitors

Description Radiation Radiation
Element Indicator

Uquld Waste Discharge Radiation Monitor 0-RE-2201 O-RI-2201
Steam Generator Blowdown Effluent Radiation Monitor 1-RE-4096 1-RI-4095
Steam Generator Bbowdown Effluent Radiation Monitor 2-RE-4095 2-Rl4P95
Steam Generator Blowdown Tank Radiation Monitor 1-RE-4014 1-RI-4014
Steam Generator Blowdown Tank Radiation Monitor 2-RE-4014 2-RI-4014
Wide Range Gas Monitor, Low Range 1-RE-6416 1-1R1C5415
Wide Range Gas Monitor, Low Range 2-RE-5416 2-RIC-5415
Westinghouse Plant Vent Stack Monitor 1-RE-5415 1-Rt-5415
Westinghouse Plant Vent Stack Monitor 2-RE-6415 2-RP-5415
GASEOUS RADWASTE PROCESSING SYSTEM Radiation 0-RE-2191 O-RE-2191
Monitor

Accident Monitors Not Addressed By The ODCM

Wide Range Gas Monitor, Mid Range 1-RE-5417
Wide Range Gas Monitor, High Range 1-RE-5416
Wide Range Gas Monitor, Mid Range 2-RE-64i7
Wide Range Gas Monitor, High Range 2-RE-6418
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Ust of Effective Pages

Page No. Change No. Page No Change No. Page No Change No. Page No. Change No.

1 a 31 0 51 0 91 0

2 0 32 0 62 0 92. 0

3 0 33 0 63 0 93 0

4 0 34 0 84 0 94 0

5 0 35 0 65 _ 95 a
_3 0 38 0 B8 0 De 0

7 0 37 0 67 0 97 0

8 0 38 0 68 0 s8 0

9 0 39 0 89 0 99 0

10 0 40 0 70 0 100 0

11 0 41 0 71 0 101 0

12 0 42 0 72 0 102 0

13 0 43 0 73 0 103 0

14 0 44 0 74 0 104 0

15 0 45 0 75 0 105 0

1 0 4_ 0 76 0 - 06 0

17 0 47 0 77 0 107 0

18 0 48 0 78 0 10S 0

19 0 49 0 79 0 109 0

20 0 50 0 80 0 110 0

21 0 51 0 81 0 111 0

22 0 52 0 2 0 112 0

23 0 53 0 83 0 113 0

24 0 54 0 84 0 114 0

25 0 55 0 85 0 115 0

28 0 53 0 B8 0 116 0

27 0 57 0 87 0 117 0

28 0 58 0 88 0 118 0

29 0 59 0 89 0 119 0

30 0 60 0 90 0 120 0
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List of Effectve Pages

Page No Change No. Page No Change No. Page No. Change No. Page No Change No.

121 0 151 0 181 0 211 0

122 0 152 0 182 0 212 0

123 0 153 0. 183 a 213 0

124 0 154 0 184 0 214 0

125 0 155 0 185 0 215 0

128 0 156 0 16e 0 216 0

127 0 157 0 187 0 217 0.

128 0 168 0 1S8 0 218 0

129 0 159 0 189 0 219 0

130 0 160 0 10 0 220 0

131 0 161 0 191 0 221 0

132 0 162 0 t92 0 222 0

133 0 163 0 193 0 223 0

134 0 164 0 194 0 224 0

135 0 165 0 195 0 225 0

136 0 16 0 196 0 226 0

137 0 167 0 197 0 227 0

13S 0 168 0 198 0 228 0

139 0 169 0 199 0 229 0

140 0 170 0 200 0 230 0

141 0 171 0 201 0 231 0

142 0 172 0 202 0 232 0

143 0 173 0 203 0 233 0

144 0 174 0 204 a 234 0

145 0 175 0 205 0 235 0

145 0 176 0 206 a 236 0

147 a 177 0 207 0 237 0

148 O 178 0 208 0 238 0

148 0 179 0 209 0 239 0

15 _ 180 0 210 0 240 0
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Page No Change No. Page Na. Change No. Page No Change No. Page No Change No.
241 0 271 0 301 -0

242 0 272 0 302 _ 0

243 0 273 0 303 0

244 0 274 0 304 0

245 0 275 0 305 0

245 0 278 0 308 0

247 0 277 0 307 0

248 0 273 0 303 0

249 0 279 0 309 0

250 0 280 0 310 0

251 0 281 0 311 0

252 0 282 0 312 0

253 0 283 0 313 0

254 0 284 0 314 0

255 0 281 0 315 0

256 0 286 0 318. 0

257 0 2t7 0 317 0

258 0 288 0 318 0

259 0 289 0 319 0

260 0 290 0 320 0

261 0 291 0 321 0

282 0 292 0 322 0

263 0 293 0 323 0

264 0 294 0 324 0

265 0 295 0 325 0

286 0 298 0

267 0 297 0

268 0 298 0

269 0 299 0

270 0 300 0


