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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 mRem/year to the skin (Offsite Dose Calculation Manual (ODCM) 3.11.2.1).

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 3.11.24).

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 mRad/year, gamma-air
40 mRad/year, beta-air

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

B. lodines 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).

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).

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 mRem/qtr, any organ

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

All of the above parameters are calculated according to the methodology specified in
the ODCM.
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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 2 member of the public in unrestricted areas shall not exceed
(ODCM 3.11.1.2):

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

4. Al 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.

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.

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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M. TECHNICAL SPECIFICATION REPORTING REQUIREMENTS

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

1. 2002 Dose Assessment Summary
Actual | Percentof | 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 (mRad) 0.001 0.01% 10
Maximum Quarterly Beta Air Dose (mRad) 0.006 0.03% 20
Iodines and Particulates:
Maximum Annual Organ Dose (mRem) * [ 0017 | 006% | 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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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.

AVERAGE ENERGY
Not Applicable.

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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B. lodine 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.

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

1.

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 MPCs; 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.

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

5
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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.

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:

I.  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.




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

VI. BATCH RELEASES

A.

Liquid

1.

2.

Number of batch releases

Total time period for batch
releases (min)

. Maximum time period fora

batch release (min)

Average time period for
batch releases (min)

. Minimum time period for a

batch release (min)

. Average stream flow during

periods of effluent into a
flowing stream (liters/min of
dilution water)

Gaseous

1.

2

Number of batch releases

Total time period for batch
releases (min)

. Maximum time period for a

batch release (min)

. Average time period for

batch release (min)

Minimum time period for a
batch release (min)

1ST

2002

2ND

3RD

4TH

QUARTER QUARTER QUARTER QUARTER

2.00E+01

5.63E+04

3.03E+04

2.81E+03

3.00E+01

3.01E+06

3.00E+00

3.95E+02

1.80E+02

1.32E+02

8.50E+01

1.50E+01

6.71E+03

1.62E+03

4.47EH)2

2.70E+01

4.66E+06

7.00E+00

8.57EH03

4.57TE+03

1.22E+03

5.90E+01

1.50E+01

6.18E+03

6.07E+02

4.12E+02

2.00E+01

4.59E+06

2.00E+00

8.65E+02

7.45E+02

4.32E+02

1.20E+02

1.90E+01

8.33E+03

5.77E+02

4.18E+02

2.70E+01

4.66E+06

1.40E+01

3.65E+03

1.80E+03

2.61E+02

5.00E-01
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VII. ABNORMAL RELEASES

A.

Liquid
1. Number of releases

2. Total activity released
(Curies)

Gaseous

1. Number of releases

2. Total activity releases
(Curies)

2002
I1ST 2ND 3RD 4TH
QUARTER QUARTER QUARTER QUARTER
-0- -0- -0- -0-
-0- -0- -0- -0-
-0- -0- -0- -0-
-0- -0- -0- -0-
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TABLE 1A - REG GUIDE 1.21
GASEOUS EFFLUENTS - SUMMATION OF ALL RELEASES

1ST 2ND EST. TOTAL

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 uCi/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 3.51E-03
IODINES
1. Total lodine - 131 Ci 2.17E-04 5.00E-05 | +6.S0E+00 |
2.  Average release rate for period uCi/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) % 8.17E-04 1.88E-04
PARTICULATES
1.  Particulates with half lives greater than

8 days Ci (10) (10) N/A
2.  Average release rate for period pCifsec (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) Q10)
6. Gross alpha radioactivity Ci (10) (10) N/A |

3RD 4TH EST. TOTAL

FISSION AND ACTIVATION GASES UNITS | QUARTER | QUARTER | ERROR, %
1. Total Release Ci 731EH0 1.96EH)1 +1.20E+01
2. Average release rate for period uCi/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) % 3.35E-03 8.35E-03
8. Percent of Tech. Spec. limit (6) % 1.68E-03 4,18E-03
IODINES
1. Total Iodine - 131 Ci 2.04E-04 1.04E-04 | +6.50E+00 |
2.  Average release rate for period pCis/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. limit (8) % 1.54E-03 7.86E-04
5. Percent of Tech. Spec. limit (9) % 7.70E-04 3.93E-04
PARTICULATES
1. Particulates with half lives greater than

8 days Ci (10) (10) N/A
2. Average release rate for period uCi/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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TABLE 1A - REG GUIDE 1.21
GASEOQUS EFFLUENTS - SUMMATION OF ALL RELEASES

1ST 2ND EST. TOTAL
D. TRITIUM _ UNITS | QUARTER | QUARTER | ERROR, %
1. Total Release Ci 1.19EH00 3.00E+H00 | +1.32E+01
2. Average release rate for period . uCi/sec 1.55E-01 3.86E-01
3RD 4TH EST. TOTAL
D. TRITIUM UNITS | QUARTER | QUARTER | ERROR, %
1. Total Release Ci 1.97E+00 1.17E+00 +1.32E+01
2.  Average release rate for period uCissec 2.50E-01 1.49E-01
NOTES TO TABLE 1A

(1) Percent of .A.1 whole body dose rate limit (500 mRem/year)
(2) Percent of 1.A.1 skin dose rate limit (3000 mRem/year)

(3) Percent of 1.A.3 quarterly gamma-air dose limit (10 mRad)
(4) Percent of .A.3 yearly gamma-air dose limit (20 mRad)

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

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

(7) Percent of LB.1 organ dose rate limit (1500 mRem/year)

(8) Percent of 1.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.

A-10
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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 GASES
Argon 41 Ci 7)) 7)) 7)) @
Krypton -85 Ci 1.76E+01 @) 2.45E+00 9.55E+00
Krypton -85m Ci 1.74E-02 7)) @) @)
Krypton -87 Ci @) Q@) 7)) Q)
Krypton -88 Ci 7)) @) @) 7))
Xenon -131m Ci 1.00E-01 @ @) @)
Xenon -133 Ci 3.70E+01 1.05E+00 4.49E-02 3.61E-01
Xenon -133m Ci 2.65E-01 @) @) 6.56E-03
Xenon -135 Ci 1.40E+00 @) - 2.54E-04 1.94E-03
Xenon -135m Ci ) ) ) 2)
Xenon -138 Ci @) 7)) @) @
“Total for Period Ci 5.64E+01 1.05E+00 2.50E+00 9.92E+00
2. HALOGENS
Todine 131 Ci 2.17E-04 5.00E-05 ) )
Todine -133 Ci 1.52E-04 3.64E-04 [§)) )
Bromine -82 Ci ) ) (¢)] )
Total for Period Ci 3.70E-04 4.14E-04 ) m
CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 4TH
UNITS | QUARTER | QUARTER | QUARTER | QUARTER
1. FISSION AND ACTIVATION GASES
Argon 41 Ci @ @) 7.29E-04 9.87E-03
Krypton -85 Ci @) 7)) 1.72E+00 2.00E+00
Krypton -85m Ci 7)) 7)) 6.47E-06 4.43E-04
Krypton -87 Ci 7)) 7)) @) 3.09E-04
Krypton -88 Ci @) 7)) @) 6.65E-04
Xenon -131Im Ci @) @) @) 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 @) 7)) Q) 6.12E-04
Xenon -138 Ci @) 7)) 7)) 1.34E-04
Total for Period Ci 5.58E+00 1.75E+01 1.73E+00 2.12E+00
2. HALOGENS
Todine 131 Ci 2.04E-04 1.04E-04 0) )
Todine -133 Ci 1.91E-03 5.36E-04 [6)) m
Bromine -82 Ci 7)) 7)) a )
Total For Period Ci 2.11E-03 6.41E-04 5) [6))

A-11
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TABLE 1C - REG GUIDE 1.21
GASEQUS EFFLUENTS - GROUND LEVEL RELEASES

CONTINUOUS MODE BATCH MODE

1ST 2ND 1ST 2ND
UNITS | QUARTER | QUARTER | QUARTER | QUARTER

3. PARTICULATES

Manganese -54 Ci ) ) ) )
Tron =59 Ci @) @) [6)) [6))
Cobalt -58 Ci 7)) 7)) 1) (1)
Cobalt -60 Ci Q@) @) ) )
Zinc -65 Ci 7)) @) [§)) 0
Strontium -89 Ci 7)) @) ) (1)
Strontium 90 Ci Q) [¥)) ) 0
Molybdenum 99 Ci 7)) [0)) ) (1)
Cesium -134 Ci 7)) ) [0)) 1)
Cesium -137 Ci 7)) @) (1) [)]
Cerium -141 Ci @) @) ) Q)
Cerium -144 Ci Q) @) ) )
Gross Alpha Radioactivity Ci [#) 2) ) )
Total For Period Ci Q@) 7)) ) (1)

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

UNITS | QUARTER | QUARTER | QUARTER | QUARTER

3. PARTICULATES

Manganese -54 Ci @) ) ) ()
Tron -59 Ci Q@) 7)) [©) (1)
Cobalt 58 Ci @) Q) 1)) 1)
Cobalt -60 Ci @) Q) [§)) )
Zinc -65 Ci ) ) (1) (1)
Strontium -89 Ci @) Q) 1)) (1)
Strontium -90 Ci 7)) ) (1) (1)
Molybdenum -99 Ci ) ) () 1)
Cesium 134 Ci @) @) m )
Cesium -137 Ci [¥)) 7)) ) )
Cerium -141 Ci [¥)) 7)) ) )
Cerium -144 Ci 7)) 7)) m )
Gross Alpha Radioactivity Ci 7)) @) ) M
Total For Period Ci ) 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.

A-12
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TABLE 2A - REG GUIDE 1.21
LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES

IST 2ND EST. TOTAL
UNITS | QUARTER | QUARTER | ERROR, %

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 | uCi/ml 2.39E-10 7.89E-11
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 1.14EH)2 +1.03E+01 |
2.  Average diluted concentration during period | pCi/ml 4.22E-07 1.87E-07
3.  Percent of applicable limit (5) % 1.41E-02 6.23E-03
C. DISSOLVED AND ENTRAINED GASES
1. Total Release Ci 1.00E-01 2.90E-04 +1.03E+01 |

2. Average diluted concentration during period | pCi/ml 1.66E-10 4.75E-13

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

A. FISSION AND ACTIVATION PRODUCTS

1. Total Release (not including tritium, gases,

alpha) Ci 5.61E-02 2.64E-02 +1.03E+01
2. Average diluted concentration during period | pCi/ml 9.09E-11 4.29E-11
3. Percent of Tech. Spec. limit (1) % 7.38E-01 1.75E-01
4.  Percent of Tech. Spec. limit (2) % 3.69E-01 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
TIUM
1. Total Release Ci 3.01E+02 4.59E+02 +1.03E+01 |
2. Average diluted concentration during period | pCi/ml 4.87E-07 7.44E-07
3.  Percent of applicable limit (5) % 1.62E-02 2.48E-02
C. DISSOLVED AND ENTRAINED GASES
1.  Total Release Ci 2.56E-03 1.84E-02 +1.03E+01 |

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

1ST 2ND EST. TOTAL
UNITS | QUARTER | QUARTER | ERROR, %
D. GROSS ALPHA RADIOACTIVITY
1. Total Release _ Ci 5.33E-05 (6) +5.40E+01
E. VOLUME OF WASTE RELEASED
(prior to dilution) liters 5.58E+07 1.04E+08 | +1.30E+00
F. VOLUME OF DILUTION WATER USED
DURING PERIOD (7) liters 6.03E+11 6.10E+11 +1.64E+01
3RD 4TH EST. TOTAL
_ UNITS | QUARTER | QUARTER | ERROR, %
D. GROSS ALPHA RADIOACTIVITY
1. TotalRelease Ci 9.16E-06 (©) +5.40E+01
E. VOLUME OF WASTE RELEASED
(prior to dilution) Liters 7.33E+07 1.06E+08 | +1.30E+00
F. VOLUME OF DILUTION WATER USED
DURING PERIOD (7) Liters 6.17E+11 6.17E+11 +1.64E+01
NOTES TO TABLE 2A
(1) Percent of 1.C.3 Quarterly Organ Dose Limit (10 mRem) to maximum exposed organ
(2) Percent of 1.C.3 Yearly Organ Dose Limit (20 mRem) to maximum exposed organ
(3) Percent of I.C.3 Quarterly Whole Body Dose Limit (3 mRem)
(4) Percent of .C.3 Yearly Whole Body Dose Limit (6 mRem)
(5) Limitused is 3 x 10? pCi/ml
(6) Less than minimum detectable activity which meets the LLD requirements of ODCM Surveillance
Requirement 4.11.1.1.1.
(7) 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 1ST 2ND

NUCLIDES RELEASED Units | QUARTER | QUARTER | QUARTER | QUARTER
Beryllium — 7 Ci 6 ) 6) m
Sodium — 24 Ci 0 [6)) ) )
Chromium - 51 Ci %)) ) 1.25E-03 3.48E-03
Manganese - 54 Ci 0) ) 1.95E-03 5.36E-04
Tron - 55 Ci 7)) %)) 8.26E-02 2.01E-02
Cobalt— 57 Ci m 0 2.63E-04 2.50E-05
Cobalt — 58 Ci m m 1.95E-02 8.22E-03
Tron — 59 Ci m 0 7.50E-04 1.08E-03
Cobalt - 60 Ci ) ) 1.00E-02 2.04E-03
Zinc — 65 Ci 6 ) ) m
Strontium - 89 Ci 1) m 7.77E-06 1.74E-06
Strontium - 90 Ci m o o m
Strontium - 92 Ci 6 m 0 m
Niobium - 95 Ci ) 6 4.69E-03 4.65E-03
Zirconium - 95 Ci ) ) 2.46E-03 2.59E-03
Niobium - 97 Ci 6) m ) )
Zirconium - 97 Ci ) ) 6 m
Molybdenum - 99 Ci ) 0) [6)) m
Technetium - 99m Ci 0) 0 6 m
Ruthenium - 103 Ci M m m 7.10E-05
Rhodium - 105 Ci m o m )
Ruthenium - 105 Ci m o ) )
Silver - 110m Ci m 0) 8.98E-03 2.18E-03
Tin— 113 Ci ) 0 5.02E-04 9.98E-04
Tin— 117m Ci ) ) 8.87E-05 1.47E-04
Antimony - 122 Ci 6 m m m
Antimony - 124 Ci M m ) 6.43E-05
Antimony - 125 Ci 5 ) 1.01E-02 1.89E-03
Tellurium — 125m Ci 6 m ) m
Tellurium - 132 Ci 0 Q) 1.44E-04 m
Todine - 131 Ci m [§)) 7.91E-05 9.72E-06
Todine - 132 Ci 6 m 2.40E-04 i)
Todine — 133 Ci m ) 1.04E-05 o
Todine — 135 Ci 6) ) m m
Cesium — 134 Ci ) m 9.68E-05 3.49E-05
Cesium — 136 Ci %) ) 6 o
Cesium — 137 Ci 0 ) 2.00E-04 3.13E-05
Barium — 140 Ci m 0) 2.88E-05 m
Lanthanum - 140 Ci o m 2.86E-05 )
Cerium — 144 Ci m 0 m )
Europium — 154 Ci m m 3.32E-04 )
Europium — 155 Ci m m 2.20E-04 )
Tungsten — 187 Ci ) m ) 0)
Total For Period Ci m m 1.44E-01 4.81E-02

A-15



APPENDIX A

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

TABLE 2B - REG GUIDE 1.21

LIQUID EFFLUENTS
CONTINUQUS MODE BATCH MODE

3RD 4TH 3RD 4TH
NUCLIDES RELEASED Units | QUARTER | QUARTER | QUARTER | QUARTER
Beryllium - 7 Ci [6) [0 m 3.94E-04
Sodium - 24 Ci ) ) m m
[Chromium - 51 Ci ) o 4.16E-03 2.02E-03
Manganese - 54 Ci 1) [0} 1.14E-03 1.03E-03
Tron— 55 Ci @) @ 1.18E-02 4.82E-03
Cobalt - 57 Ci 6 m 1.91E-05 4.32E-05
Cobalt - 58 Ci ) 6 9.30E-03 5.86E-03
Tron — 59 Ci ) i) 3.74E-04 4.65E-05
Cobalt - 60 Ci 6)) m 3.45E-03 3.93E-03
Zinc — 65 Ci ) m 6 m
Strontium - 89 Ci 0 m o m
Strontium - 90 Ci 0 m m m
Strontium - 92 Ci ) m [0 m
Niobium - 95 Ci ) m 9.94E-03 2.30E-03
Zirconium - 95 Ci 0 o 4.98E-03 1.19E-03
Niobium - 97 Ci 6 m m o
Zirconium - 97 Ci m m m m
Molybdenum - 99 Ci 6)) m m m
Technetium - 99m Ci ) ) (1) (1)
Ruthenium - 103 Ci [6)) m m m
Rhodium - 105 Ci 1) m m )
Ruthenium - 105 Ci m [§)) 6 m
Silver - 110m Ci m m 7.55E-03 1.54E-03
Tin— 113 Ci 0) ) 6.79E-04 6
Tin— 117m Ci ) 6 1.27E-04 2.37E-05
Antimony - 122 Ci m ) m m
Antimony - 124 Ci m 1) [6)) [6))
Antimony - 125 Ci m m 2.22E-03 2.82E-03
Tellurium — 125m Ci 6y m m m
Tellurium - 132 Ci m o m m
Todine - 131 Ci [0)) m 1.21E-04 1.41E-04
Todine - 132 Ci [6)) m ) m
Todine - 133 Ci m m - 3.20E-05 7.06E-06
Todine - 135 Ci m m 6 m
Cesium - 134 Ci m m 4.85E-05 5.40E-05
Cesium - 136 Ci 1) m ) m
Cesium - 137 Ci m o 1.01E-04 1.12E-04
Barium - 140 Ci m o m m
Lanthanum - 140 Ci ) m m 6.83E-05
Cerium - 144 Ci m [§)) [0 [0
Europium - 154 Ci o m ) )
Europium - 155 Ci ) m m 4.29E-05
Tungsten - 187 Ci m [6)) 7.15E-06 )
Total For Period Ci ) m 5.61E-02 2.64E-02
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APPENDIX A

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 1ST 2ND
NUCLIDES RELEASED Units | QUARTER | QUARTER | QUARTER | QUARTER
Krypton — 85 Ci [6)) ) 1.63E-02 (1
Xenon - 131m Ci a ) 3.22E-03 (1)
Xenon — 133 Ci 6y ) 8.03E-02 2.90E-04
Xenon — 133m Ci m 6)) 3 81E-04 0
Xenon - 135 Ci ) ) ) 1)
Total For Period Ci ) ) 1.00E-01 2.90E-04
CONTINUOUS MODE BATCH MODE
3RD 4TH 3RD 4TH
NUCLIDES RELEASED Units | QUARTER | QUARTER | QUARTER | QUARTER
Krypton - 85 Ci ) ) ) Q)
Xenon-131m Ci ) 1) (1) [§))
Xenon - 133 Ci [§)) [§)) 2.56E-03 1.82E-02
Xenon — 133m Ci 1) ) (1) 7.58E-05
Xenon - 135 Ci 1 ) (1) 8.54E-05
Total For Period Ci 4 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 4.11.1.1.1.

(2) Continuous mode effluents are not analyzed for Fe-55.
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APPENDIX A

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 OFFSITE 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 2.00E+01
Ci 1.14E+02
b) Dry compressible waste, m’ 5.21E+02 5.00E+01
contaminated equipment, Ci 6.00E-01
etc.
c) Irradiated components, m’ 0.00E+00 N/A
control rods, etc. Ci 0.00E+00
d) Other (Cartridge Filters) m’ 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 1.71E+00%
Fe-55 8.42E+00%
Co-58 4.63E+01%
Co-60 4 47E+00%
Ni-63 8.12E+00%
Cs-134 9.97E+00%
Cs-137 1.74E+01%

b  Cr-51 1.06E+01%
Mn-54 2.02E+00%
Fe-55 2.59E+01%
Co-58 2.95E+01%
Co-60 7.56E+00%
Ni-63 6.17E+00%
Nb-95 8.11E+00%
Zr-95 5.29E+00%
Cs-137 1.26E+00%

c) N/A

d NA
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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 CFRPART 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 fi3
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 fi3
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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PART 1.0: PURPOSE AND APPLICABILITY/SCOPE

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 snvironment 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 Radiclogical Environmental
Monitoring Program.

APPLICABILITY/SCOPE

A. The information presented in this manual is applicable to any division, department,
section, or unit within the Calvert Cliffs Nuclear Power Plant (CCNPP1) which Is sither
wholly or partly responsible for performing 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, Radiation Safety Section

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

1. 0-RE-2191
2. 1/2-RE-5415
3. 1/2-RE-5416

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

1.  0-RE-2201
2. 1/2-RE-4014
. 3. 1/2-RE-4095
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D.

This manual Is applicable to the determination of the offsite doses and/or offsite dose
rates due to the following:

1. Radioactive material in gaseous waste discharged from CCNPP

.2, Radioactive material in liquid waste discharged from CCNPP

3. Radioactive material contained in duiside storage tanks at CCNPP

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

The ODCM s based on Technical Specifications, CCNPP’s interpretation of industry
standards end practices, and recommendations made by Combustion Engineering.
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'PART 2;0 : DEFINITIONS AND REFERENCES

 DEFINITIONS

————

" The defined terms of this sécﬁon appear In capitallzed typs and are apblicable throughout these Controls.

ABNORMAL AND/CR UNANTICIPATED RADIOACTIVE RELEASE:
Any unplanned or unconfrolled release of radioactive material from the SITE BOUNDARY.
ACTION:

That part of a control which pr@cnbes remedial measuras required under designated conditions.
BATCH RELEASE:

A BATCH RELEASE s the discharge of liquid (or gaseous) waste of a discrete voluma. (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 fo known values of the parametsr which the channal
monitors. The CHANNEL CALIBRATION shalt 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 channet steps such
that the entire channel is calibrated.

CHANNEL CHECK:

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

CHANNEL FUNCTIONAL TEST:

a. An analog CHANNEL FUNCTIONAL TEST shall be the injection of a simulaied signal into the

channel as close to the prImary sensor as practicable to verify OPERABILITY including alarm
and/or 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 compositing 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., froma

volume or system that has an Input flow 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 conditiens. During periods of sampling interruption, the:
requirement for continuous sampling Is considered (o 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 I-131 {microcuries per gram) which alone would
produce the same thyrold dose as the quantity and Isotopic mixture of 1-131, 1-132, 1133, 1-134, and |-135
sctually present. The thyroid dose conversion factors used for this calculation shall be those listed in Table
Il of TID-14844, "Calculation of Distance Factors for Power and Test Reactor Sites.”

EREQUENCY NOTATION:

The frequency notation specified for the performance of Survenlance Requirements ghall correspond to
the interveals defined in the following Table .

Erequency Notation Teble
NOTATION " FREQUENCY

Atleast once per 12 hours

At least once per 24 hours
Alleast once per 7 days
Atleast once per 31 days
Atleast once per 82 days
At least once per 6 moﬁths
At least once per 18 months
Prior to each reactor startup
Completed prior to each release

tvE&€ngoEsoo0

Not applicable

Refueling Interval ~ Atleast once per 24 months
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GAMMA ISOTOPIC ANALYSIS:

" AGAMMA ISOTOPIC ANALYSIS is a analytical method of measurement used for the identification and
quantification of gamma-emitting radionuclides.

GASEOQUS RADWASTE PROCESSING SYSTEM:

A GASEOUS RADWASTE PROCESSING SYSTEM is any system designed and installed to reduca
radioactive gaseous effluents by collecting primary coolant system offgases from the primary system and
providing for delay or haldup 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 nacessary for reducing liquid radioactive effluents
is either 13 or 14 Reactor Coolant Wasts fon Exchange; however, other equipment in the system may be
used in the maintenance of ALARA for liquid radioactive effiuents.

LOWER LIMIT OF DETECTION:

The LLD is the smallest concentration of radioactive material In a sample that will yiéld 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 persans who are not occupationally associated with the
plant. This category does not include employees of the utility, its contractors, or vendors. Also excluded
from this category are persons who enter the site to service equipment or to make deliveries. This
cafegory does include persons who use portions of the site for recrsational, 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 caleulation of offsite doses resuilting from radioactive 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 Operahng and Radioactive Effluent Release Reports required by Technical
Specification 6.6.2 (improved Technical Specification 5.8.2) and 6.6.3 {Improved Technical Specification 5.6.3).

OPERABILITY:

A system, subsystem, frain, component or device shall be operable or have OPERABILITY when it is capable
of performing its specified function(s). Impiicit 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 that are required for the systam, subcomponent or device to
perform its function(s) are also capable of performing their related support function{s).

CPERATIONAL MODE:

An OPERATIONAL MODE shall correspond to any one inclusive combination of core reactivity condlﬂon.
power level and average reactor coolant temperature specified in below.
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e { Modes
% RATED
REACTIVITY . THERMAL AVERAGE COOLANT
MODE CONDITION, Ko POWER* TEMPERATURE
POWER OPERATION x0.99 >5% 300 *F
STARTUP 2009 5% 2300 *F
HOT STANDBY <0.99 0 2300 °F
HOT SHUTDOWN <0.99 0 800 *F > T gy > 200 °F
COLD SHUTDOWN - <0.89 (¢] =200 *F
REFUELING** £0.85 0 5140 °F
. Exciuding decay heat.
bt Reactor vessal head unbollad or removed and fue! In the vessel.

PROCESS CONTROL PROGRAM:

PROCESS CONTROL PROGRAM shall confain 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 compliance with 10 CFR Part 20, 10 CFR Part 71 and Federal and State and Local
regulations governing the disposal of the radioactive waste.

PROJECTED DOSE:

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 alr or gas from a confinement to maintain
ternperature, humldity, concentration, or other operating condition, in such & manner thet replacement air
or gas Is required to purify the confinement.

RATED THERMAL POWER:

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

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 et the same time
excluding maln vent discharges.

SITE BOUNDARY:

The SITE BOUNDARY shall be that line beyond which the land Is neit.her owned, nor leased, nor
otherwise controlled by the ficensee.

{The SITE BOUNDARY is depicted on Attachment 18, "Envu'onmental Monitoring Sites")
SOURCE CHECK:

A SOURCE CHECK shall be the qualitative assessment of channe! response when the channe! sensor is
exposed to & source of increased radioactivity.

THERMAL POWER:
The THERMAL POWER shall be the total reactor core heat transfer rate io the reactor coolant.
TYPICAL RADWASTE RELEASES (OR TYPICAL RADWASTE EFFLUENT S):

TYPICAL RADWASTE RELEASES are defined es (1) &ll releases conducted during any calendar quarter
while elther Unit 1 or Unit 2 is in mode 1, and elso includes (2) all releases conducted during any calendar
quarter following mode 1 operation of elther Unft 1 or Unit 2. )

c002/e0
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UNRESTRICTED AREA:

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY access o which Is not
conlrolled by the licensee for purposes of protection of individuals from exposure to radiation and
radioactive materials, or any arsa within the SITE BOUNDARY used for residential quarters offfor
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 ventfiation or vent
exhaust gases through charcoal adsorbers and/or High Efficiency Particulate Alr (HEPA) filters for the
purpose of removing icdines or particulates from the gaseous exhaust stream prior to the release to the
environment. Such a system is not considered to have any effect on noble gas effluents. Engineered
Safety Feature (ESF) atmospheric claanup systems are not considered to be VENTILATION EXHAUST
TREATMENT SYSTEM components. ’ :

VENTING:

VENTING is the controlied 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 GASEOQUS RADWASTE PROCESSING SYSTEM.
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PART 3.0/4.0: CONTROLS AND SURVEILLANCE REQUIREMENTS

CONTROLS

—

——
e—

3.0.1 Compliance with tﬁe Controls contained in the succeeding controls is required during the
OPERATIONAL MODES or other conditions specified therein; except that upon failure to meet
the Controf, 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. Atleast 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 condifions 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 inopsrable
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 Confrol does not apply by placing it,
as applicable in:

1. At least HOT STANDBY within the next 8 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.




Offsite Dose Calculation Manuat ' Page 15 of 325
Revision 6 :

SURVEILLANCE

tm———

4.0.1 Survelllance Requirements shall be applicable during the OFERATIONAL MODES or
other conditions specified for Individual Control unless otherwise stated in an Individual
Survelllance Requirement. )

4.0.2 Each Surveillance Requirement shall be performed within the specified time Interval with a
maximum aflowable extenslon not to exceed 25 percent of the specified survelllance interval.

4.0.3 Failure to perform a Survelllance Requirement within the allowed surveillance interval,
defined by Control 4.0.2, shall constitute noncompliance with the OPERABILITY requirements
for 2 Control. The time limits of the ACTION requirements are applicable at the time it is
identified that a Survelllance Requirement has not been performed. However, this time of
applicability may be delayed for up to 24 hours to permit the completion of the survelilance
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.

. 4.0.4 Entry into an OPERATIONAL MODE or other specified condition shall not be made
unless the Surveiltance Requirement(s) associated with the Control have been performed within
the stated survelllance interval or as otherwise specified. This provision shall not prevent
passlage thgugh or fo OPERATIONAL MODES as required to comply with ACTION
requirements.
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MONITORING INSTRUMENTATION

RADIOACTIVE GASEOUS EFFLUENT

CONTROLS

E———
—————

a—
——

3.3.3.9 The radioactive gaseous effluent monitering 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.
Ths setpoints of these channels shall be determinsd 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 ths channel inoperable,
or changs the setpoint so it is acceptably conservative.

b. With less than the minimum number of radioactive gaseous efftuent monitoring
instrumentation channels OPERABLE, take the ACTION shown In Tabls 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 inoperability was not corrected in a timely manner.

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

SURVEILLANCE REQUIREMENTS

trepem—

'P

4.3.3.8 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 frequenmes
shown in Table 4.3-11.
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TABLE 3.3-12
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
MINIMUM CHANNELS : ‘
INSTRUMENT o OPERABLE . APPLICABILITY ACTION
1. WASTE GAS HOLDUP SYSTEM
a. Noble Gas Activity Monitor - Providing B * 35
Alarm and Automatic Termination of
Release h
b. Effluent System Flow Rate Measturing 1 * 36
Device
2. MAIN VENT SYSTEM
a. Noble Gas Activity Monitor 1 * 37
b. lodine Sampler 1 * 38
c. Particulate Sampler 1 * . 38
d. . Tritium Sampler 1 * 38

At all times.
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ACTION 35 -

ACTION 36 -

ACTION 37 -

ACTION 38 -

TABLE 3.3-12 (Continued)
ACTION STATEMENTS

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.

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, offlusnt 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
MODES IN
‘ CHANNEL WHICH. -
CHANNEL SOURCE CHANNEL FUNCTIONAL SURVEILLANCE
_ INSTRUMENT CHECK CHECK CALIBRATION TEST REQUIRED
1. WASTE GAS HOLDUP
SYSTEM

a. Noble Gas Activity Monitor - P P R® sAt? *
Providing Alarm and
Automatic Termination of
Release

b. Effluent System Flow Rate p® NA R NA .
Measuring Device ,

2. MAIN VENT SYSTEM '

a. Noble Gas Activity Monitor D M R® SA@ : *

b. lodine Sampler w NA NA NA o

c. Particulate Sampler w NA NA NA *

d. Tritium Sampler w NA NA NA ' *

At all times other than when the line is valved out and locked.
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(1

2

. 3

(4)

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.

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. Instrumentindicates a downscale failure.

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.

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

— e ——— e e ———re—tt e ————
pe— o — ————— —

3.3.3.10 The radioactive quuld efiluent monitoring instrumentation channels shown in Table
3.3-13 shall be OPERABLE with thelr alarm setpoints set to ensure that the limits of Control
3.11.1.1 are not exceeded. In addition, a fixed setpoint is set to provide for automatic
termination of releases from the LIQUID RADWASTE PROGESSING 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.

ACTION:

a. With a radxoacﬁve liquid efiluent monitoring instrumentation chanhnel alarmftrip
setpoint 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 sefpoint so i Is acceptably conservative.

b. With less than the minimum number of radioactive liquid effiuent 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 lnoperabihty was not comrectéd in & timely manner.

c. The provisions of Controls 3.0.3 end 3.0.4 are not applicable.
SURVEILLANCE REQUIREMENTS

4.3.3.10 Each radioactive liquid effluent monitoring instrumentation channel shall be

- demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL GALIBRATION and CHANNEL FUNCTIONAL TEST operations at the frequenctes
shown in Table 4.3-12.
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. | TABLE 3.3-13
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION
MINIMUM
CHANNELS
INSTRUMENT OPERABLE APPLICABILITY ACTION

1. GROSS RADIOCACTIVITY MONITORS o

PROVIDING ALARM AND AUTOMATIC

TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line 1 O 28

b. Steam Generator Blowdown Effluent Line 1 (2) 29
2. FLOW RATE MEASUREMENT DEVICES .

a. Liquid Radwaste Effluent Line 1 (1) 30

b. Steam Generator Blowdown Effluent Line 1 (2} 30

Note: (1) Atall 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 inifiating a release:

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

b. Atleast 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. Atleastonce per 12 hours when the spec'rﬁc activity of the
. secondary coolant Is greater than 0.01 microcurie/gram DOSE
EQUIVALENT -131.

b. Atleast once per 48 hours when the specific activity of the
secondary coolant is less than or equal to 0.01 microcurie/gram
DOSE EQUIVALENT I-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
per 4 hours during actual releases. Pump performance curves may be
used to estimate fiow.
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TABLE 4.3-12
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

CHANNEL
CHANNEL SOURCE CHANNEL  FUNCTIONAL
, INSTRUMENT CHECK CHECK CALIBRATION TEST

1. GROSS RADIOACTIVITY MONITORS PROVIDING ALARM

AND AUTOMATIC TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line D P R? sall
" b. Steam Generator Blowdown Effluent Line D P R@ sA®
2. FLOW RATE MEASUREMENT DEVICES

a. Liquid Radwaste Effluent Line D® NA R NA

' b. Steam Generator Blowdown Effluent Line p® NA R NA
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TABLE 4.3-12 (Continued)
TABLE NOTATION

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. Circult failure, .

3. Instrumentindicates a downscale failure.

The Initiat 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. .

CHANNEL CHECK shall consist of verifying indication of fiow 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 limits.

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

SURVEILLANCE REQUIREMENTS

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

4111 1 -2 The resulls of the radioactivity analyses shall be used in accordance with the
methadology and parameters in the ODCM to assurs that the concentratuons 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 SAMPLING ANALYSIS TYPE OF ACTIVITY (LLD)*
TYPE FREQUENCY FREQUENCY ANALYSIS {mCi/m})
A. Batch Waste P P Principal Gamma 5x10™
Releases® Each Batch  Each Batch Emitters® :
1-131 . 1x10”°
Mo-99, Ce-144 2x10”°
P M H-3 1x10™
Each Batch  Composite® Gross Alpha 1x10”
P Q ' .
Each Batch  Composite® Sr-89, Sr-80 5x10°
B. Turbine M M . Principal Gamma 5x10”
Building Emitters®
Sump
|-131 1x10°
. Mo-09, Ce-144 2x10°
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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 in a sample that will yield a net count, above system
background, that will be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a “real” signal.

For a particular measurement system, which may include radiochemical

separation:
4.665,
ILD =
_ Ee Vs 222 x10°¢ Yo exp(-AA1)
Where:

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

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

E is the counting efficiency, as counts per disintegration,
V is the sample size in units of mass or volume,
2.22 x 10° is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,
A is the radioactive decay constant for the particular radionuclide, and

At is the elapsed time between sample collection, or end of the sample
collection pertiod, 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 notas an a
posteriori (after the fact) limit for a particular measurement.
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TABLE 4.11-1 (Continued)

TABLE NOTATION

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

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 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) .

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 resuilts In & specimen that is representative of the liquids
released.
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LIQUID EFFLUENTS:

Dose

————

CONTROLS

3.11.4.2 The dose or dose commitment to a MEMBEﬁ 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 ysar 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 submitto 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
ACTIONSs that have been taken to reduce the releases and the proposed
corrective ACTIONSs o 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

—— e

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

200zZ/c0
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LIQUID EFFLUENTS:
Liquid Radwaste Processing System

CONTROLS

mgn— ——— wom———— ————

——— —————r — —

3.11.1.3 The LIQUID RADWASTE PROCESSING SYSTEM shall be used to reduce the
radloactive materials in liquid wastes prior to thelr discharge when the calculated doses due to
the liquid effluent to UNRESTRICTED AREAS exceeds 0.36 mrem to the total body or 1 20
mrem {o any organ in & 92 day period.

APPLICABILITY: At all times.
ACTION: |
a. With radioactive liguid waste being discharged without processing and in‘excess
of the above limits, prepare and submif 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 o 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.
SURVEILLANGE REQUIREMENTS

p—————— sw—

y——— ———

4.11.1.3 Doses over a 82-day period due to liquid releases to UNRESTﬁICTED AREAS shall
gse calggl'aéed at least once per 31 days in accordance with the methodology and parameters in
0 .

<00z/e0
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GASEOQUS EFFLUENTS:
Dose Rate

GONTROLS

arm—— — —
— —

3.11.2.1 The dose rate due to radioactive méterials 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.  Foriodine~-131 and for all radionuclides in particulate form with half lives greater
than 8 days: Less than or equal to 1500 mrems/yr to any organ.

APPLICABILITY: 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 Confrols 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 iimits in accordance with the methodology and parameters in the ODCM.

4.11.2.1.2 The dose rate due to iodine-131 and all radionuclides in particulate form with half
lives greater than 8 days in gaseous effluents shall be determined to be within the above limits
in accordance with the methodology and parameters in the ODCM by obtaining representative
samples and performing analyses in accordance with the sampling and analysis program
specified in Table 4.11-2. .
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TABLE 4.11-2
RADIOACTIVE GASEQOUS WASTE SAMPLING AND ANALYSIS PROGRAM
LOWER LIMIT OF
SAMPLING MINIMUM ANALYSIS DETECTION (LLD)*
GASEOUS RELEASE TYPE FREQUENCY FREQUENCY TYPE OF ACTIVITY ANALYSIS (pCl!ml)
" A Waste Gas P p Principsl Gamma Emitters® 1x10*
Storage’ Tank Each Tank Each Tank (Gaseous Emissions Only)
Grab Sample
B. Containment Purge . P P . Principal Gamma Emitters® 1x10*
and Vent Each Batch Each Batch (Gaseous Emissfons Only)
' , Grab Sample
C. Maln Vent M. M° Principal Gamma Emitters® 1x10®
: Grab Sample (Gaseous Emissions Only}
Continuous® M H-3 : 1x 10°
Continuous®’ W 131 1x 10
Charcoal Sample® :
Continuous® ' W Principal Gamma Emitters® 1x10™
Particulate {I-131, others)
Sample® _
Continuous® M Gross Alpha . 1x10™"
Compaosite
Particulate
Sample
Continuous* Q Sr-89, Sr90 1x10" -
Composite
Particulate
_ Sample
Continuous® Nobte Gas Noble Gases 1x10°
Monitor Gross Beta or Gamma o,
D. incinerated OF° . P P Principal Gamma Emitters 5x 107
Each Batch" Each Batch” :
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TABLE 4.11-2 (Continued)

TABLE NOTATION

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 85% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

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

4,66,

LLD =
EeVe 222x10°e Yo exp(-AA0)

Where:

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

Sp, is the standard deviation of the background counting rate or of ths
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 10° is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yleld, when apblicable.

A is the radioactive decay constant for the part'icular 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 Qrioﬁ (before the fact)

limit representing the capability of a measurement system and notasana
posteriori (after the fact) limit for a particular measurement.




Offsite Dose Calculation Manual Page 35 of 325
- Revision 6 . .

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-137, 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 Effiuent Release Report pursuant to
Technical Specification 6.6.3 (Improved Technlcal Specification 5.6.3).

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 perlod 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 changlng, or after removal from sampler. When
sample collection time Is [ess than seven days, the correspondmg LLDs may be
increased by a proportional factor

Collect sample and analyze daily for total Curie content per Technical
Specification 3.11.1.2 (Technical Requirements Manual 9.11.2.1) when the
Reactor Coolant System specific activity of Xe-133 is greater than 150 uCi/ml.

Incinerated ofl 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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GASEQUS EFFLUENTS:
Dose - Noble Gases

CONTROLS

nmam——
e ——

——

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: Atall times.
ACTION:

a. With the calculated air dose from radicactive 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 limit(s) and defines ths corrective ACTIONSs that have
been taken to reduce the releases and the proposed corrective ACTIONSs to be

taken fo 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 durrent calendar

year for noble gases shall be determined In accordance with the methodology and parameters
in the ODCM at least once per 31 days.

2002/e0
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GASEQUS EFFLUENTS:

Dose - lodine-131 & Radionuclides In Particulate Form
CONTROLS '

s ——— et

3.11.23 The dose to a MEMBER OF THE PUBLIG from lodine-131 and all radionuciides in
particulate form with half lives greater than 8 days in gaseous effiuents 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 quérter: Less than or equal to 16 mrems to any organ and,
During any calendar year: Leés than or equal to 30 mrems to any organ.

c. Less than 0.1% of the limits of 3.11.2.3(2) and (b) as a result of burning
contaminated oll.

APPLICABILITY: Atall tin_\es.

ACTION:

a. With the calculated dose from the release of lodine-131 and radionuclides in
‘particulate form with half lives greater than B days, 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 Speclal 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
}féietsn to assure that subsequent releases will be in compliance with the above

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

m—— ———————ve——
—— — —

4.11.2.3 Cumulative dose contributions for the current calendar quarter and the current
calendar year for lodine-131 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. . .

€002/€0
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GASEOQOUS EFFLUENTS:

Gaseous Radwaste Processing System
CONTROLS _
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3.11.24 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.

APPLICABILITY: Atall 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

y—

P

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

200¢/e0
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TOTAL DOSE -
CONTROLS
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3.11. 4 The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBLIC due to releases of radioactivity and to radiation from uranium fuel cycle sources shall
be limited to less than or equal to 25 mrems to the total body or any organ, except the thyroid,
which shall be limited to less than or equal to 75 mrems. :

APPLICABILITY: At all times.

ACTION:

a. With the calculated doses from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of Control 3.11.1.2.g, 3.11.1.2.b,
3.11.2.2.4, 3.11.2.2.b, 3.11.2.3.4, 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 limifs 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 Speclal Repont, as defined in 10 CFR 20.405¢, shall
include an analysis that estimates the radiation exposure (dose) to & MEMBER
OF THE PUBLIC from uranium fuel cycle sources, including all effluent
pathways and direct radiation, for the calendar year that includes the release(s)
covered by this report. It shall also describe levels of radiation and
concentrations of radioactive material involved, and the cause of the exposure

- fevels or concentrations. If the estimated dose{s) exceeds the above limits, and
if the release condition resulting in violation of 40 CFR Part 180 has not already
been corrected, the Special Report shall include a request for a variance in
accordance with the provisions of 40 CFR Part 180. Submittal of the report is
considered a fimely 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

e —
e ——

4.11.4.1 Cumulative dose contributions from liquid and gaseous effluents shall be determined
in accordance with Controls 4.11.1.2, 4.11.2.2, and 4,11.2.3, and in accordance with the
methodology and parameters in the ODCM. -

4.11.4.2 Cumulative dose contributions from dlréct 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 3.11.4.2.
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RADIOLOGICAL EhiVleNMENTAL 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 belng conducted as
specified in Table 3.12-1, prepare and submit to the Commission, in the Annual
Radiological Environmental Operating Repart 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.

With the lavel of radioactivity as the result of plant effluents in an environmental
sample at a specified location excaeding 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)  reportinglevel ) ~—

When radionuclides cther 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 radxoactmty 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 methadology 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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S -3 With fresh leafy vegetable samples unavailable from one or more of the sample -

. locations required by Table 3.12-1, identify locations for obtaining replacernent
samples and add them to the radiological environmental monitoring program
within 30 days. The specific locations from which samples were unavallable may
then be deleted from the monttoring program. Pursuant to Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2), identify the cause of
the unavallabifity of samples and identify the new location(s) for obtalning the
[Replaoement samples in the next Annual Radiologlcal Environmental Operating

eport.

d. The provisions of Cpntro!s 3.0.3 and 3.0.4 are not applicable.
SURVEILLANGE REQUIREMENTS

———— —— —
——— ——m—— —

4.12.1 The radiologica! environmental monlitoring samples shall be collected pursuant o Table '
3.12-1 from the specific locations given in the table and figure(s) in the ODCM, and shall be
analyzed purszflant 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 MON|TORING PROGRAM
EXPOSURE PATHWAY NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND FREQUENCY
AND/OR SAMPLE SAMPLES AND SAMPLE LOCATIONS® COLLECTION FREQUENCY - OF ANALYSIS
1. DIRECT RADIATION® 23 routine monitoring stations (DR1 - DR23) At least Quarterly Gamma dose at least

either with two or more dosimeters or with one quarterly.
instrument for measuring and recording dose
rate continuously, placed as follows:

an inner ring of stations, one in each
meteorological sector in the general area
of the SITE BOUNDARY (DR1 - 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 PA'IHWAY NUMBER OF REPRESENTATIVE . SAMPLING AND TYPE AND FREQUENCY
AND/OR SAMPLE SAMPLES AND SAMPLE LOCATIONS" COLLECTION FREQUENCY OF ANALYSIS
2. AIRBORNE . _
Radioiodine and . Samples from 5 locations (A1-A5): Continuous sampler operation with Radiolodine Canister
Particulates sample collection weekly, or more I-131 analysls weekly.
3 samples (A1-A3) from close to the 3 frequently if required by dust loading. —
SITE BOUNDARY locations, In different Particujate Sampler:
sectors of the highest calculated annual Gross beta
average ground-level D/Q." radioactivity analysis
following filter -
1 sample (A4) from the vicinity of a change;® Gamma isotopic
community having the highest calculated analysis® of composite
annual average ground-evel D/Q. (by location)

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

quarterly
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JABLE 3.12-1 (Continued)
- RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
EXPOSURE PATHWAY NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND FREQUENCY
AND/OR SAMPLE SAMPLES AND SAMPLE LOCATIONS® COLLECTION FREQUENCY OF ANALYSIS
3. WATERBORNE ' :
a. Surface 1 sample at intake area (Wat) COMPOSITE SAMPLE over 1-month GANMMA ISOTOPIC
1 sample at discharge area (Wa2) period® ANALYSIS’ monthly.
Composite for tritium
analysis quarterly.
b. Sediment from 1 sample from downstream area with existing  Semiannually - GAMMA ISOTOPIC

shoreline or potential recreational value (Wb1) ANALYSIS® semiannually.
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TABLE 3.121 (Continued)
_ RADIOLOG!CAL ENVIRONMENTAL MONITORING PROGRAM
EXPOSURE PATHWAY NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND FREQUENCY
AND/OR SAMPLE SAMPLES AND SAMPLE LOCATIONS® COLLECTION FREQUENCY OF ANALYSIS
4. INGESTION . _
a. ‘Fish and 3 samples of commerclafly and/or Sample in season, or semiannually if GAMMA ISOTOPIC
Invertebrates recreationally important species (2 fish species they are not seasonal. ANALYSIS® on edible
and 1 invertebrate specles) In vicinity of plant portions.
discharge area (1a1-1a3). -
3 samples of same species in areas not
Influenced by plant discharge (Ia4-a6).
b. Food Products Samples of 3 different kinds of broad leaf Monthly during growing season. Gamma isotopic” and I-
vegetation grown near the SITE BOUNDARY 131 analysis. )

at 2 different locations of highest predicted
annual average ground level D/Q (Ib1-1b6).°

1 sample of each of the similar broad leaf " Monthly during growing season.
vegetation grown 15-30 km distant in the least
prevalent wind direction (Ib7-1b9).

Gamma isotopic® and I-
131 analysis.
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TABLE 3.12-1 (Continued)
TABLE NOTATION

The code in parenthesis, e.g., DR1, A1, 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 paramsters 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 ina
table and figure(s) in the ODCM. Refer to NUREG-0133, "Preparation of
Radiological Effluent Technical Specifications for Nuclear Power Plants, October
1978", and to Radiological Assessment Branch Technical Position, Revision 1,
November 1979. Deviations are permitted from the required sampling schedule
if specimens are unobtainable due to circumstances such as hazardous
conditions, seasonal unavailability, and malfunction of automatic sampling
equipment. If specimens are unobtainable due to sampling equipment
maifunction, 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
5.6.2). 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 includs in the report a revised figure(s) and table for
the ODCM reflecting the new location(s).
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JABLE NOTATION
b

One or more instruments, such as a pressurized lon 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 limitetions, 9 sectors are monitored -
around the Calvert Cliffs Nuclear Power Plant.

Alrborne 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 times the yearly -
.mean of contro! samples, GAMMA ISOTOPIC ANALYSIS shall be performed on
the individual samples.

. d GAMMA ISOTOPIC ANALYSIS means the identification and quantification of

gamma-emitting radionuclides that may be attributable to the effluents from the
facllity.

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

- f. Exception to these locations Is in the South'Sector where DR7, A1, 1b4, 1b5,
and 1b6 are located approximately 0.7 km from the release point. This location
is conservative with respect to the site boundary, which Is located approximately
2.1 km from the release point.
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REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRONMENTAL SAMPLES
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REPORTING LEVELS

WATER AIRBORNE PARTICULATE FISH & INVERTEBRATES MILK FOOD PRODUCTS
ANALYSIS (pCil) OR GASES (pCi/M*) {pCilkg, wet) (pCill) (pCilkg, wet)
H-3 20,000* ‘
Mn-54 1,000 30,000
Fe-59 400 10,000
Co-58 1,000 30,000
Co-60 - 300 10,000
Zn-65 300 20,000
Zr-Nb-95 400
-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/l may be used.
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DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS™®

LOWER LIMIT OF DETECTION (LLD)"

WATER AIRBORNE PARTICULATE FISH & INVERTEBRATES - MILK

FOOD PRODUCTS SEDIMENT

ANALYSIS {npCi/l) OR GASES (pCiM?) (pCllkg, wet) (pCiN) (pCilkg, wet) (pCilkg;dry)
Gross Beta 4 0.01 .

H-3 2,000 :

Mn-64 15 130

Fe-59 30 260

Co0-58,60 15 130

Zn-65 - 80 260

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 ‘ 156 : - 15

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

This list does not mean that only these nuciides 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 wiil be detected with 95% probability with only 5% probability of
falsely concluding that a blank observation represents a "real" signal.

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

4.66s,
Ee Ve 222 o Yo exp(-AAt)

LLD =

Where:

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

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

E is the counting efficiency, as counts per disintegration,

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

2.22 is the number of disintegrations per minute per picocurie,
Y is the fractional radiochemical yield, when applicable,

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

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

Typlcal values of E, V, Y ahd At should be u;e,ed in the caleulation.

it should be recognized that the LLD is defined as an g _priori (before the fact)
limit representing the capabillity of 2 measurement system and notas an g
posteriori {after the fact) limit for a particular measurement. Analyses shall be
performed in such a manner that the stated LLDs will be achieved under routine

- conditions. Occaslonally background fluctuations, unavoidable small sample

sizes, the presence of interfering nuclides, or other uncontrollable circumstances
may render these LLDs unachievable. In such cases, the contributing factors
shall be Identified and described in the Annuat 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 exists, the LLD of
GAMMA ISOTOPIC ANALYSIS may be used. '
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- RADIOLOGICAL ENVIRONMENTAL MONITORING:
LAND USE CENSUS
CONTROLS

—c — —

3.12.2 Aland use census shall be conducted and shall identify within a distance of 8 km (5
miles}, the location in each of the 9 meteorological sectors of the nearest milk animal, the
nearest residence and the nearest garden of greater than 50 m? (500 ft?) producing broad leaf
vegetation. (For elevated releases as defined in Regulatory Guide 1.111, Revision 1, July
1977, the 1and use census shall also identify within a distance of 5 km (3 mlles) the Iocatlons in
each of the 9 meteorological sectors of all milk animals and all gardens of greater than 50 m*
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 Radioclogical
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 caiculated 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 calculatad 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 D/Qs in
lieu of the garden census. Specifications for broad leaf vegetation sampling in Table 3.12-1.4b
shall be followed, including analysis of cantrol samples.
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RADIOLOGICAL ENVIRONMENTAL MONITORING:
INTERLABORATORY COMPARISON PROGRAM

e —————— at—— o ——— — ——
——— e ——

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 Comimission, that
correspond to samples required by Table 3.12-1.
APPLICABILITY: Atall times.
ACTION: '
a. With analyses not being performed as required above, report the corrective
ACTIONSs taken to prevent a recurrence to the Commisslon in the Annuat
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.

SURVEILLANGE REQUIREMENTS

Remamy— — — ot ———
re— —

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 Interlabaratory Comparison Program shall
be included in the Annual Radiological Envirorimental Operating Report pursuant to Technical
Specification 6.6.2 (Improved Technical Specification 5.6.2).
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PART 5.0 : CALCULATICNAL METHODOLOGIES

RADIOACTIVE LIQUID EFFLUENTS

—
———

—————ten —

RELEASE PATHWAYS [B527]

1. Introduction

a) Radioactive liquid waste gensrated as a result of operating the Calvert Chffs
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 fo the bay:

(1)  Outfall 001,
(2)  Outfall 003,
(3) Outfall 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 ouifall 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. Qutfalls 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 shbwn on Attachment 3 should be evaiuated and added
to the ODCM as necessary.

The federal controls and administrative limits assbciated with the release of radioactive materials from
CCNPP are discussed eisewhere in this document.
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Safety evaluations have been conducted for operatmg the foliowxng systems after they
have become contarninated: _

a)

b)

c)

d)

component cooling water system

(1)  Inaccordance with-applicable safety evaluations (Ref. 22), continued
operation of this system is allowed as long as the concentration of
ﬁdionuclides In the component cooling water system Is less than 3,000

PCs.
plant heating system .
(1)  Inaccordance with applicable safety evaluations (Ref. 24 and Ref. 28),

continued operation of this system is allowed as long as the
concentration of radionuclides in the plant heating system is less than 0.3
MPCs.

auxiliary boiler system

1) In accordance with applicable safety evaluations (Ref. 27 and Ref. 30)
continued operation of this system is allowed as long &s the
concentration of radionuclides in the auxiliary boiler steam drum is less
than 26 MPCs.

demineralized water system .

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

service water system

1 in accordance with applicable safety evaluations (Ref. 26 and Ref. 32),

continued operation of this system is aflowed as fong as the
concentration of radionuclides in the service water system Is less than 0.1

_ MPCs.
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f)

condensats storage tank

{1) In accordance with applicable safety svaluations (Ref. 33), continued
operation of this systam Is allowed as long as the concentration of
radionuclides in the condensats storage tank is less than 1.0 MPCs.

TYPES OF LIQUID RELEASES

1.

on Attachment 2.

quuid' radwaste discharges have been classified as CONTINUOUS or BATCH as shown

PROCESSING EQUIPMENT

1.

Simplified Flew Diagram

a)

b)

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

Thers is no processing squipment 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. :

Modifications

a)

b)

Licenses inifiated major changes to the Liquid Radioactive Waste System shall
be reported to the Commission in the Radioactive Effluent Release Report for
the period in which tha modification to the waste system Is completed. The
discussion of each change shall contain: .

(1)  Adescription 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 raport shall also include changes to the ODCM, in accordancs with
Technical Specification 8.6.3 {Improved Technical Specification 5.8.3) .

A "major” change or madification includes, but is not limited, to the removal or
permanent bypass of any of the following:

(1)  degassifier

(2) reactor coolant wasts receiver tank
(3) reactor coolant waste monitor tank
(4) letdown fiiter

(5)  reactor coolant wasta lon exchanger
(8) miscellanecus waste ion exchanger
()  miscellaneous wasts filter

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

(10) evaporalor

3. Detailed Description

a)

b)
c)

»

A detalled description of the liquid waste processing system is beyond the scope
of the ODCM.

For more Information on the Miscellaneous Liquid Waste Proéessing System see
FSAR and System Description Number 14D, "Miscellaneous Liquid Waste
Processing System Description.”

For more information on the Reactor Coolant Waste Processing System see
gystem Description Number 14B, "Reactor Coolant Waste Processing System
escription.”

For more Information see the Updated Final Safety Ana!yéis Report, Chapter 11,
*Waste Processing And Radiation Protection.”

LIQUID EFFLUENT RADIATION MONITOR ALARM AND FIXED SETPOINTS
1. Liquid Waste Discharge Radiation Monitor (0-RE-2201)

a)

b}

)

General description

(1)  number of radiafion elements: one

{2) type of radiation element: In-line scintillation detectof .
(3) output: analog

(4) radiation indicator: 0-RI-2201

(5) units for radiation indicator: counts per minute

(6) supplier: Westingho_use

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 activity of liquids contained in
liquid waste discharge line (Control 3.3.3.10}

(3)  alarm (via 0-RI-2201) prior to exceeding 10 CFR 20, Appendlx B, Table
i1, Column 2 limits (per Contro! 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.

OPERABILITY of 0-RE-2201
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d)

8)

Q)

(1)  This monitor shall be operable (or have OPERABILITY) when it is
capabie of performing its specified function(s)

(2)  The functions of 0-RE-2201 ars listed in paragraph (b) above.

Monitors equivalent o 0-RE-2201 o

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

Radiological effiuent controls for 0-RE-2201

(1)

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

(@)  The liquid wasta discharge monitor, 0-RE-2201, is operable and
the alarm setpoint for this monitor is set to ensurs the
concentrations of radioactive materials released in liquid sffluents
to UNRESTRICTED AREAS are less than the concentrations
specified in 10 CFR 20, Appendix B, Tabls I, Column 2, or

{b) twoindependent samples are anzlyzed in accordance with Control
4.11.1.1.1; AND at least two technically qualifled members of the
Facility Siaff independently verify the release rate calculations;
AND two qualified operators verify the discharge valve line up.

Survelllances for 0-RE-2201 .

(1)  Confrol 4.3.3.10 réquires demonstrating the OPERABILITY of 0-RE-2201
by satisfying the checks, calibrations, and tests listed below:
(@) CHANNEL CHECK within the past 24 hours
(b) SOURCE CHECK prior to each releass
(c) CHANNEL CALIBRATION within the past 18 months
(d) CHANNEL FUNCTIONAL TEST within the past 6 six months
Sefpoints for 0-RI-2201
(1)  There are threa radiation alarm setpoints associated with, or otherwuse
related to, the liquid waste dischargs monitor.
(a) 0-RI-2201 fixed high radiation alann and automattc termination
sefpoint
(b)  0-RI-2201 adjustable plant computer high radiation alarm and
manual termination setpoint
(c) 0-R1-2201 low radiation alarm setpoint
(2) In order to simplify the setpoint terminology, eliminats ambiguuty. and

minimize the possibility of misinterpretation, the ODCM will refer to these
setpoints as follows:

(@ The 6—RI-2201 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed setpoint.
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The 0-RI-2201 adjustable plant computer high radiation alarm and
manual termination setpoint will be referred to as the adjustable
setpoint. .
The 0-RI-2201 low radiation alarm setpoint will be referred to as
the low setpoint.

(3) Each of these alarm setpoints is described below.
h) Fixed setpoint for 0-RI-2201

(1) General information

(@)
(b)

©

(d)

(e)

()

(@)

This sétpoint is not adjusted for each release.

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

The fixed sefpoint corresponds to the maximum concentration of
radionuclides allowed in liquid waste discharged from the liquid
waste processing system.

The current value for the fixed setpoint is specified in the CCNPP
Alarm Manual.

The CCNPP Alarm Manua! refers to this alarm and fixed setpoint
as the 0-RI-2201 Liquid Waste Discharge High Alarm.

The fixed setpoint is integral to the liquid release discharge
monitor, as purchased from the supplier.

The fixed setpoint Is administratively controlied by EN-1-100,
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(h)  The fixed setpoint shall be calculated as described below'.
(2) Calculating the fixed satpoint for 0-RI-2201
(3) Tha fixed setpoint for 0-RI-2201 shall be calculated as follows:

FIXED SETPOINT FOR 0-RI-2201

Sm £ Ker{{Fal Fu) ZE(ALa) (&) 1+ Bkg ) Eq. L2

Sex

the fixed setpoint for 0-RI-2201 (cpm)

a constant, actually a safety factor, which is the ratio of the CCNPP acfivity limit to the 10
CFR 20 MPC limit (unitless} :

The safety facter 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 t0 0.5 MPCs.
It is recommended that a safety factor of 0.5 be used for calculating the fixed setpoint,

howaver, other values—not to exceed 1.00—-may be used as directed by the General
Supervisor Chemistry.

The use of a "safety margin” is in accordanca 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 assuranca that the instantaneous liquid release limit of 10 CFR

Part 20 is not exceeded.”

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

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.
This formula has been derived from NUREG-0133, Addendum, page AA-1.
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DILUTION WATER FLOW RATE

Fq = Few + Feu + F, Eq. 2L
Few = the minimum circulating water system flow rate necessary to conduct liquid releases

Aun

A minimum of two circulating water pumps {(one circulating water pump per conduit
acci%ﬁ?lgoradwaste) shall be operable when discharging quuxd 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 minimum circulating water
flow rate necessary to conduct liquid releases, then the release shall not be allowed until a
new sefpoint has been calculated and entered into 0-RI-2201 (unless the existing setpoint is
conservative), or otherwise comply with the ACTION requirements of Control 3.3.3.10.

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

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

If & release of liquid radwaste Is to be conducted using less than the minimum salt water
flow rate necessary to conduct liquld releases, the release shall not be gllowed untit a new
setpoint has been calculated and entered into 0-RI-2201 (unless the existing setpoint is
oonservatwe), or otherwise comply with the ACTION requirements of Control 3.3.3.10.

maximum undiluted radwaste flow rate (gpm)

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

Since the fiow rate of undiluted liquid waste (120 gpm maximum) is lnsfghifwnt relative to
the circulating water fiow 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 (O-FE-21 99) in the effluent line—
to verify compliance with Control 3.3.3.10.

specific acfivity limit for the release of radionuclide, i, to UNRESTRICTED AREAS
{calculated in accordance with 10 CFR 20, Appendlx B, Table i, Note 1 as described below;
microcuries per milliliter).

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

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

Values for A, shall be calculated, as described below, for each radionudlide.
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Aun = () (Ana) Eq. 3L

= a fraction which represents the relatlve actlvity contribution of nuclide i to the average fotal
effiuent activity (unitless)

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

This valus may be obtained using the guidancs provided on Attachment 5.

= the sum of the total specific adlvltxes of all radionuclides found in a TYPICAL LIQUID
RADWASTE RELEASE (microcuries/cm3)

This value corresponds to 1 MPC.
Aqy, shall ba calculated as shown below.

TOTAL SPECIFIC ACTIVITY EQUIVALENT TO 1 MPC

ZI(6)(Ann)l Agel = 1

Eq. 4L}

I

Bkg

-1l, Column 2 (microcurizs/em3)

the specific activity limit for radlonuclide, 1, as obtained from 10 CFR 20, Appendix B, Table

For all the radionculideé found in TYPICAL RADWASTE EFFLUENTS, use the value from
10 CFR 20, Appendix B, Tabie I, Column 2.

the MPC limit (MPCs) for UNRESTRICTED AREAs
This value Is bésed on the MPC limit from 10 CFR 20, Tabls [l, Note 1.
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.

an approximation of the detector background prior to initiating the liquid releass (cpm)

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

(3)  Documenting the fixed setpoint for 0-RI-2201
(@)  Whénever the fixed setpoint is calculated, the specific values
chosen for each of the parameters shall be documented in
accordance with EN-1-100.

(4) Changing the fixed satpoint for 0-R1-2201

. This formula has been derived from 10 CFR 20, Tabls Il, Notes 1, 2, and 3.
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(a)

(b)

(©

(d)

(e)
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if the fixed satpoint calculated In accordance with equation 1L
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.

The fixed setpoint for 0-RI-2201 may be established at values
lower than the maximum allowable setpoint, If desired.

A setpoint change should be Initiated whenever any of the
parameters identified in equation 1L have changed. ‘

The fixed setpoint shouid not be changed unless one of the
following occurs:

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

i) the minimum dilution water fiow rate Is not available for a
liquid release,

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

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

v) the monitor Is not conservative in s function (see
"Functions of 0-RE-2201" earlier in this section).

EN-1-100 contains the administrative controls associated w:th
changing and approving the fixed setpoint. -

As determined in eccordance with Attachment 5.
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) The adjustable setpoint for 0-R1-2201
. _ , (1) General information

(@) The adjustable sstpoint Is calculated and adjusted prior to
each releasse from the liquid wasta processing system.

(b)  The adjustable setpoint is based on the specific activities
of the radionuclides present In the undiluted liquid waste
(as deter:nined by radiochemical analysts per Control
4.11.1.1.1).

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

(d) See OI-17C, "Reactor Coolant Waste Processing System®,
or Ol-17D, "Miscellaneous Waste Processing System," for
a full list of operator ACTIONSs takan 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.

, 9] The valus for the adjustable setpoint Is recorded on the
) liquid refease permit in accordance with CHEMISTRY
. ' SECTION procedures.

(@ Thisalamlis 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 0-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 0-Ri-2201

(a) The adjustable setpoint is based on the specific activities
of the radionuclides In the undiluted liquid wasts (as
determined by radiochemical analysis per Control
4.11.1.1.1), and shall ba calculated as shown below.
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. ADJUSTABLE SETPOINT FOR 0-RI-2201

Sw S 180[E(Au)(a)+Bkg] Eq.5L

Sgy = the adjustable setpoint for 0-RI-2201 (¢pm)
1.50

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

This safety factor helps ensure the release is not unnecessarlly 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 analyms, or (b) errors associated with monitor
calibrations.’

"

Ay speclfic activity of radionuclide, i, in the undiluted waste stream (microcuries per

milliliter)
[N = absolute detector efficiency for nuclide, | (cpm/microcuries f:er 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 0-R1-2201

(8) 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 0-RI[-2201

(a) In all cases, the adjustable setpoint shalt be setto a vélue
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 ¢contain administrative
controls assoclated with calculating and approving an
adjustable setpoint.

(d) Whenever 0-RI-2201 is operable, the calculated value for
the adjustable setpoint shall be entered into the plant

1

The "analysis errors” and "calibration errors™ refer to errars which are within established quality
. essurance and quality controt limits. i
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computer prior to each relaase from the liquid waste
. _ . processing system. )

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

), The low sefpoint for 0-RI-2201

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

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

(3) Ths low satpoint may ba used to determine the OPERABILITY 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 (i.e., downscale
failurs or circuit failure) in accordanca with Control 4.3.3.10.
{5) The low setpoint calculations ara not described in the ODCM.
(6) Changes to the low setpoint are controlled by EN-1-100.
. 2. Steam Generator Blowdown Effiuent Radiation Monitors (1/2-RE-4095)
a) CGeneral 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-RI4095
(b) 2-RI-4095
(5) units for radiation indicator: counts per minute
(8) . supplier: Wastinghouse
b)  Functions of 1/2-RE-4005

(1)  continuously measurs the activity contained in steam generator
blowdown efftuent line (Control 3.3.3.10)
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c)

d)

continuously Indicate {via 1/2-RI-4095) the activity of liquids

@
contained In the steam generator blowdown effluent line (Control
3.3.3.10)

(3) alarm (via 1/2-RI-4095) prior to exceeding 10 CFR 20, Appendix
B, Table I, 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-Rl-

4005) exceeds the fixed setpoint . '

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)  Itshould be noted that if the steam generator blowdown

processing system heat exchangers are bypassed, It is possible
for blowdown fiow to bypass 1/2-RE-4005. If blowdown fiow is
allowed to bypass 1/2-RE-4095, the minimum channels
OF’iEfgﬁ(\’BlLITY requirement of Control 3.3.3.10 may not be
satisfie

Monitors equivalent to 1I2-RE-4095.

)

(2)

)

4)

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

In the event PRIMARY MONITOR (1/2-RE-4014) Is inoperable or
otherwise unavailable, the BACKUP MONITOR (1/2-RE-4025)
may fulfill the measuring, indicating, and alarming functions
normally provided by the PRIMARY MONITOR.

1/2-RE-4014, Steam Generator Blowdown Tank Radiation Monitor
is considered to be "equivalent" monitor to 1/2-RE-4095 as
specified below.

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" earfier 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 OPERABILITY of 1/2-RE-4014 must be demonstrated
in accordance with Control 4.3.3.10, Table 3.3-13(1b), 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

()  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 efflusnt controls for 1/2-RE-4095

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

(a) A steam generator blowdown monitor (either 1/2-RE-4095
or 1/2-RE-4014) s OPERABLE (see "OPERABILITY of
1/2-RE-4095"; and "OPERABILITY of 1/2-RE-4014" earlier
in this section) AND the setpoint for this moniter is set to
ensura the concentrations of radioactive materials
released in liquid effluents to UNRESTRICTED AREAS
are less than the concentrations specified in 10 CFR 20,
Appendix B, Tabls Il, Column 2, or

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

) analysls shall determine EITHER the gross gamma
. activity or gross beta activity of the sample

i) - 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

iif) sampling and analysis shall be completed at [east
once per 48 hours If the spacific activity of the
steam generator blowdown is less than or equal to
0.01 microcurles per gram IODINE DOSE
EQUIVALENT

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

f Survelllances for 1/2-RE-4095 ‘

(1)  Control 4.3.3.10 requires demonstrating the OPERABILITY of
1/2-RE-4095 by satisfying the checks, calibrations, and tests
listed below
{a) CHANNEL CHECK within the past 24 hours

. _ (b) SOURCE CHECK prior to each release




Ofisite Dose Calculation Manuzt Page 69 of 325
Revision 6

(c) CHANNEL CALIBRATION within the past 18 months

(@ CHANNEL FUNCTIONAL TEST within the past 6 six
months

a) Setpoints for 112-Rl-4095

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

(a)  1/2-RI-4085 fixed high radiation alarm and automatic
termination setpoint

(b) 1/2-Rl-4095 adjustable plant computer high radiation alarm
end manual termination setpoint

(c) 1/2-RI-4095 low radiation glarm setpoint

(2) inorder to simplify the sefpoint terminology, eliminate ambiguity,
and minimize the posslbility of misinterpretation, the ODCM will
refer to these setpoints as follows:

(8)  The 1/2-RI-4095 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed
setpoint.

(b)  The 1/2-R1-4095 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 setpoint.

(3) Each of these alarm setpoints are described below.
h) The fixed setpoint for 1/2-RI-4095
‘(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.

.(6)  The fixed setpoint coresponds 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 ths
1/2-R1-4095 Steam Generator Blowdown Recovery High
Alarm.
(1)) This setpoint Is Integral to the steam generator blowdown
discharge monitor, as purchasad from the manufacturer.
(g) The fixed setpoint is administratively controlled by EN-1-
100.
(h)  The fixed setpoint shall be calculated as described below'.
(2) Calculating the fixed setpoint for 1/2-R1-4095
(a) The fixed setpoint for 1/2-R1-4095 shall ba calculated in
- accordance with equation 1L.
FIXED SETPOINT FOR 1/2-RI-4095
S 2 Kal({FJFu)ZI(Awa)(e)]1+Bkg } Eq. 1.2
Sex = the fixed setpoint for 1/2-RI-4095 (cpm)
Kg = aconstant, actually a safety factor, which is the ratio of the CCNPP acﬁvi(y 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 ths 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 "safety 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) Wthh represents a safe margin of assurance that the instantaneous liquid
releasa limit of 10 CFR Part 20 is not exceeded.”

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

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

Per Control 3.3.3.10.
Equation 1L 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 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.

DILUTION WATER FLOW RATE
Fe E Few * Fou + Fy V Eq.2L
Faw = the minimum circulating water system flow rate necessary to conduct liquid releases

A minimum of two circulating water purmps (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 galions perminute.

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 fo conduct
liquid releases, the release shall not be allowed until a new setpoint has been
calculated and entered into 1/2-R1-4095 (unless the existing setpoint is
gogsse%aﬁve), or otherwise comply with the ACTION requirements of Control

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

If the minimum salt water flow rate avaliable for fiquid 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 allowed
until a new setpoint has been calculated and entered-into 1/2-RI-4095 {unless the
existing setpoint is conservative), or otherwise comply with the ACTION
requirements of Control 3.3.3.10..

maximum undiluted radwasts fiow 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 clrculating 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 fiow rate is used for mlcutating the fixed
setpoint, a flow setpoint is not required—for the flow measuring devics in the effiuent
line--to verify compliance with Control 3.3.3.10.

specific aétiwty limit for the release of radionuclide, {, to UNRESTRICTED AREAS
(calculated In accordance with 10 CFR 20, Append:x B, Table I, Nota 1 as described
below; microcuries per muﬂllﬂer)

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

Attachment 5 provides further guidanca for determining which radionuclides, i,
should be used to calculate a fixed setpoint.

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

SPECIFIC ACTIVITY LIMIT FOR EACH RADIONUCLIDE |

A = (h)(Ana) ' Eq. 3L

a fraction which represents the relativa activity contribution of nuclide 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.

absolute detector efficiency for nuclide, | (cpm/microcuries per milllliter) ,

The detector efficiency for 2ach radionuclide may be calculated from data collected
during calibration of the radiation monitor.

the sum of the total specific activities of all rad!onudides found in a TYPICAL
LiIQUID RADWASTE RELEASE (microcuries/cm3)

This valua con'esponds to 1 MPC.

An s shall be calculated as shown below.
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TOTAL SPECIFIC'ACTIVITY EQUIVALENT TO 1 MPC

S (Ana) A = 1 Eq.4L!

Ail.! =

-
n

Bkg

L]

the specific activity limit for radionuclide, i, as obtained from 10 CFR 20, Appendix B,
Table I, Column 2 (microcuries/cm3)

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

the MPC limit (MPCs) for UNRESTRICTED AREAs
This value is based on the MPC limit from 10 CFR 20, Table Ii, Note 1.
an approximation of the detecfor 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 ﬁ)_(ed setpoint for 1/2-R1-4085

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

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

(a) If the fixed setpoint calculated In accordance with equation
1L exceeds the maximum range of the monitor, the fixed
setpoint shall be adjusted to & 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.

{c0 A setpofnt 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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The fixed setpoint should not be ¢changed unless ons of
the following occurs:

) the relative activity' of any radionuclide in TYPICAL
LIQUID EFFLUENTS has changed by greater than
10%, and tha 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 fiquid release, -

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

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

v) the monitor is not conservative in its function (see
"Functions of 1/2-RE-4095" earlier in this section).

EN-1-100 contains the administrative controls associatad
with changing and approving the fixed setpoint.

i)  The adjustable setpoint for 1/2-RI-4095

(1) General information

(@)

(b)

(c)

(d)

(e)

()

The adjustable setpoint is calculated and adjusted prior to
each release from the steam generator blowdown
processing system.

The adjustable setpoint is based on the specific activities
of the radionuclides present in the undilutad liquid waste
(as determined by radiochemical analysis per Control
4.11.1.1.1).

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

See OI-8A for a full list of operator actions taken in
responsse to this alarm.

The adjustable setpoint corresponds to the maximum
concentration of radlonuclides anticipated or expected in
discharges from the steam generator blowdown
procassing system. -

The valus for the adjustables sefpoint is recorded on the
liquid releass permit in accordance with CHEMISTRY
SECTION procedures. '

As determined in accordance with Attachment 5.
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{0) This alarm s not lniegral to the steam generator blowdown
effiuent 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 plarg operators when the edjustable setpoint has been
exceeded.

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

(2) Calculating the adjustable setpoint for 1/2-R1-4095

(@) The adjustable setpoint is based on the specific activities
of radionuclides In the undiluted liquid waste (as
determined by radiochemical analysis per Control
4.11.1.1.1), and shall be calculated as shown below.

ADJUSTABLE SETPOINT FOR 1/2-RI-4095

S < 250 [Z(Au)(e) + Bkgl - Eq. 5L'

. Bkg

the .ad]ustable setpoint for 1/2-RI-4095 (cpm)

a constant, actually & safety factor, which allows for fiuctuation in radiation monitor
response (unitiess)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spuriots monitor responses, (2) statistical
fiuctuations in disintegration rates, (3) statistical fluctuations In detector efficiencies,

(4) errors associated with sample analysis, or (5) errors assoclated with monitor
calibrations.? .

speciﬁc)activlty of radionuclide, |, in the undiluted waste stream (microcuries per
milliliter :

absolute detector efficiency for nuciide, | (cpm/microcuries per milliliter)

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

'(em a;;proximation of the detector background prior to Initiating the liquid release
cpm

(3) Documenting the adjustable setpolnt, 1/2-RI-4085

This formula may be derived from NUREG-0133, Addendum, page AA-1.
The "analysls errors” and “calibration errors”® refer to errors which are within established quality

. assurance and quality control limits.
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(@) Whenaver the adjustabls setpoint Is calculated, the
specific values chosen for each of the variables shall bs
documented In accordance with approved CHEMISTRY
SECTION procedures.

Changing the adjustable setpoint for 1/2-RI-4095

(a) If the adjustabls sefpoint exceads 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, tha adjustable setpoim shall be set to a value
which is less than or equal to the fixed setpoint.

(c) Chemistry procedures contain administrafive controls
assoclated with calculating and approving an adjustable
setpoint.

(d)  Whenever 1/2-RI-4095 is operable, tha calculated valus
for the adjustable setpoint shall be entered into the plant
computer prior to each releass from tha steam generator
blowdown processing system.

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

j) The low setpoint for 1/2-RI-4095

(1)

This alarm is integral {o the steam generator blowdown effluent

- monitor, as purchased from the manufacturer.

)

3)

(4)

(8
(6)

The current valus for the low alarm ssfpoint is specified in the
CCNPP Alarm Manual.

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

The low alarm setpoint may bs used to terminate a releasa in the
event 1/2-RE-4095 falls (i.e., downscale failure or circuit failure).

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

The ODCM does not address the calculations assoclated with the
low alarm setpoint.

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

(1)
@ .

number of radiation elements: one per unit

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

(4) Designations for radiation Indicators
(@) 1-RI-4014
®) 2-RI-4014

(5) units for radiation indicator: counts per minute

(6)  supplier: Westinghouse

() A3 gallon per minute sample Is cooled, passed through the
detector, and pumped back into the steam generator blowdown
tank.

Functions of 1/2-RE-4014

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

{2)  continuously indicate (via 1/2-R1-4014) the specific activity in an

"~ off-line sample of the steam generator blowdown tank (Control

3.3.3.10) _

(3) alarm (via 1/2-R1-4014) prior to exceeding the 10 CFR 20,
Appendix B, Table I, 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-Rl-
4014) exceeds the fixed alarm sefpoint.

OPERABILITY of 1/2-RE-4014

(1)  This monitor shall be operable (or have OPERABILITY) when itis

@

capable of performing its specified function(s)

The functions of this monitor are listed in section (b) above.
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d) Monitors equivalent to 1/2-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-RE-4095 is normally considered the
BACKUP MONITOR for measuring activity released via the steam
generator blowdown processing system.

(2) Inthe event PRIMARY MONITOR (1/2-RE-4014) is inoperable or
otherwise unavailabls, the BACKUP MONITOR (1/2-RE-4095)
may fuifill 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 1/2-RE-4095 is bypassed as
described below.

(4) Itshould bs noted that if the steam generator blowdown
processing system heat exchangers are bypassed, it is possible
for blowdown flow to bypass 1/2-RE-4095 (the steam generator
blowdown sffluent radiation monitor). {f 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 {(unless 1/2-
RE-4014 is operable). .

8) Radiologlcal affluent confrols for 1/2-RE-4014

(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-4005"; and "OPERABILITY of 1/2-RE-4014" earlier
in this section) AND the alarm setpoint for this monitor is
set to ensura the concentrations of radioactive materials
released in liquid effluents to UNRESTRICTED AREAS
are less than the concentrations specified in 10 CFR 20,
Appendix B, Tabie II, Column 2, or

(b)  agrabsample 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
onca per 12 hours if the spacific activity of the
steam generator blowdown Is greater than 0, 01
microcurles per gram IODINE DOSE
EQUIVALENT
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lif) 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 microcuries per gram IODINE DOSE
EQUIVALENT

‘W) the LOWER LIMITS OF DETECTION for the gross

gamma and/or gross beta analyses are in
accordance with the LLDs of Contro! 4.11.1.1.1

f) Surveillances for 1/2-RE-4014

0)

Contro! 4.3.3.10 requires demonstrating the OPERABILITY of
;!IZ-RE;&OM by satisfying the checks, calibrations, and tests
isted below

(a)
(b)
(c)
(d)

CHANNEL CHEGK within the past 24 hours
SOURCE CHECK prior to each reléase
CHANNEL CALIBRATION within the past 18 months

CHANNEL FUNCTIONAL TEST within the past 6 six
months

g)  Setpoints for 1/2-RI-4014

(1)

(2

There aré three radiation alarm setpoints associated with the
Steam Generator Blowdown Tank Radiation Monitor

(@)

(b)

(0

1/2-Ri-4014 fixed high radiation alarm and automatic
termination setpoint

1/2-R1-4014 adjustable plant computer high radiation alarm
and manual termination setpoint

112-R-I-4014 low radiation alarm setpoint

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

(@)

®)

(c)

The 1/2-R1-4014 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed -
setpoint.

The 1/2-RI-4014 adjustable plant computer high radiation
alarm and manual termination setpoint will be referred to
as the adjustable setpoint.

The 1/2-R1-4014 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 setpoint for 1/2-RI1-4014
- {1} General Information

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

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

(c) The fixed setpoint corresponds to the maximum
concentration of radlonuclides aliowed 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.

(8)  The CCNPP Alarn Manual refers to the fixed setpoint as
the 1/2-RI-4014 Steam Generator Blowdown High Alarm.

() The fixed setpoint is integral to the liquid release discharge
monitor, as purchased from the manufacturer,

(9)  The fixed satpoint is administratively controlled by EN-1-
: 100.

(h)  The fixed setpoint shall be calculated as described below’.
(2 Calculating the fixed setpoint for 1/2-RI-4014

(a)  The fixed setpoint for 1/2-RI1-4014 shall ba calculated as
follows:

1 Per Control 3.3.3.10.
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FIXED SETPOINT FOR 1/2-RI1-4014

Se € Kel(Fa/Fo)Z[(Awn}(e)]4Bkg } Eq. 1L!

Where,
Sk

the fixed setpoint for 1/2-R1-4014 (cpm)

& constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to
the 10 CFR 20 MPC limit (unitiess) .

The safety factor chosen shall be less than or equal to 1.00. This ensurés the fixed
sefpoint 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
setpoint, however, other values—not to exceed 1.00—-may be used as directed by the-
General Supervisor Chemistry,

The use of & "safety margin” Is In accordance with the provisions of NUREG-0133,
SECTION 4.1.1, which states, "The alarm and trip setpoints ... should comrespond 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 mlculated
fixed setpoint.

tkA\; gg\étxon water flow rate {gpm) prior to the point of release to UNRESTRICTED

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

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

1

Equation 1L has been derived from NUREG-0133, Addendum, page AA-1.
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DILUTION WATER FLOW RATE
Fa = Few * Fyw + Fy Eq. 2L
Fow o = 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 pdmps may be required as spacified 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 o conduct
liquid releases, the releass shall not be allowed until a new setpoint has been
calculated and entered into 1/2-RI-4014 (unless the existing selpoint is

conservative), or otherwise comply with the ACTION requirements of Control
3.3.3.10.

Fe,, = the minimum salt water system flow rate necessary to releass liquid radwaste

If the minimum salt water flow rate avallable for liquid releases is unknown, difficutt
to predict, or may decrease during a liquid release, a minimum salt water flow rate of
0 gpm should be usad when calculating the fixed setpaint.

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

. If arelease of fiquid radwaste is to be conducted using less than the minimum sait
water flow rate necessary to conduct liquid releases, the release shall not be allowsd
until a new setpoint has been calculated and entered into 1/2-R1-4014 (unless the
existing setpoint is conservative), or otherwise comply with the ACTION
requirements of Control 3.3.3.10.

F, = 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 calcutating
the dilution water flow rate.

Since the maximum undiluted radwasts flow rate is used for mlculating the fixed
setpoint, a flow setpoint is not required-for the flow measurmg device in the effluent
line—to verify compliance with Control 3.3.3.1Q.




Offsite Dose Calculation Manua! ) Fage 83 of 325
Revigion 6 )

Ay, = specific activity limit for the release of radionudlide, |, to UNRESTRICTED AREAS
(calculated in accordance with 10 CFR 20, Appendoc B, Table Il, Note 1 as descnbed
below; microcuries per milliliiter)

In order to calculate a meaningful end accurate fixed setpoint, the speciﬁc
radlonuclides, I, chosen for calculating the fixed setpoint should comespond to those
radionuclides found in TYPICAL RADWASTE RELEASES from CCNPP.

Attachment § provides further guidance for determining which radionuclides, |,
should be used to calculate a fixed setpoint. An acceptable altemative is to assume
an isotopic mix which results in a more conservative setpoint,

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

SPECIFIC ACTIVITY LIMIT FOR RADIONUCLIDE, !

An = () (Ana) Eq. 3L

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

="
]

The average tdtal effluent activity does not include tritium or dissolved and entrained
_neble gases.

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

Arnn = the sum of the total specific activities of all radionuclides found in a TYPICAL
LIQUID RADWASTE RELEASE (microcuriesfcm3)

This value corresponds fo 1 MPC.

Calculate the value of Aq,, s shown below.

TOTAL SPECIFIC ACTIVITY CORRESPONDING TO 1 MPC AT THE SITE BOUNDARY

Z{(6) (Ana)lAus] =1 Eq.4L"

Ay, = the specific activity imit for radlonucllde, I, as obtained from 10 CFR 20, Appendlx B,
Table i, Column 2 (microcuries/cm?) .

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

! This formula has been derived from 10 CFR 20, Table Il, 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 I, Note 1.
g = absolute detector efficiency for nuclide, | (cpm/microcuries per miliiliter)

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 (cpm)

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

(3) Documenting the fixed setpoint 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 accordanca with EN-1-100,

(4) Changing the fixed sstpoint for 1/2-Ri-4014

(a) If the fixed setpoint calculated in accordance with squation
1L 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 may ba established at values lower than
the maximum allowable setpoint, if desired.

(¢) A setpoint change should be initiated whenéver any of the
parameters identified in equation 1L (Identified in this
section of the ODCM) have changed.

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

)} the relative activity' of any radionuclide in TYPICAL
LIQUID EFFLUENTS has changed by greater than
10%, and the new radionuclide mixture ylelds a
fixed setpoint which is 10% (or mora} lower than
the current fixed setpoint,

i) the minimum dilution water flow rate is not available
for a liquid release,

iii) the values listad In 10 CFR 20, Table i, column 2
have changed, :

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

As dstermined In accordancs with Attachment 5.
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(e)
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v) the monitor ls'not conservative In its function (see
"Functions. of 1/2-RE4014" earlier in this section).

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

)] The adjustable setpoint for 1/2-Rl-4014

(1)

)

General information

(a)

(b)

()

{d)

(e)

Q)

(9)

(h)

)

The adjustable setpaint is calculated and adjusted prior to
each release from the steam generator blowdown
processing system.

The adjustable setpoint is based on the specific activities
of the radionuclides present in the undiluted liquid waste
(a:1detem);lned by radiochemical analysis per Control
4.11.1.1.1).

Whenever the adjustable setpoint is exceeded, discharges

- from the steam generator blowdown processing system
~ will be manually suspended.

See OI-8A for a full list of operator ACTIONSs taken in
response to this alarm.

The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected in
discharges from the steam generator blowdown
processing system.

The value for the adjustable setpoint is recorded on the
liquid release permit in accordance with CHEMISTRY
SECTION procedures.

This alarm Is not integra! to the steam generator blowdown
tank radiation monitor, as purchased from the supplier.

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-R1-4014 adjustable
setpoint has been exceeded.

A value for the adjustable sefpoint shall be calculated prior
to each release as shown below.

Calculating the adjustable setpoint for 1/2-R1-4014

(@)

The adjustable setpoint Is based on the speaﬁc activity of
the radionuclides in the undituted liquid waste {as
determined by radiochemical analysis per Control
4.11.1.1.1), and Is calculated as shown below.




Offsite Dose Calculation Manual Page 88.0f 325

Revision 6

ADJUSTABLE SETPOINT FOR 1/2-RI-4014

Sy S 250[5(Au)(®) + Bkg] Eq. 51"

2.50

Bkg

the adjustable satpoint for 1/2-R1-4014 (cpm)

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

This safety factor helps ensure tha release is not unnecessarily tarminated due to
(1) slectronic anomalies which cause spurious monitor responses, (2) statistical
fluctuations in disintegration rates, (3) statistical fluctuations in detector efficiencies,
4) grr%rs assoclated with sample analysis, and (5) errors associated with monitor
calibrations.?

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

absolute detector efficiency for nuclide, i (com/microcuries per milliliter)

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

an approximation of the detector background (cpm)

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

(@) Whensver 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-R1-4014 -

(@) I the adjustable setpoint exéeeds the maximum range of
the monitor, the satpoint shall be adjusted to a value which
falls within the normal operating range of the monitor.

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

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

(d  Whenever 1IZ—RI—401 4 is operable, the calculated value
for the adjustable setpoint shall be entered into the plant

Equation 5L has been derived from NUREG-0133, Addendum, page AA-1.
The "analysls errors" 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 steam generator
blowdown and processing system.

(¢)  Plant Operating Instructions (e.g., Oi-8A) contain
administrative controls associated with entering the
‘adjustable setpoint In the plant computer.
The low alarm setpoint for 1/2-R1-4014

(1)  This alam s 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 alarm setpoint are controlied by EN-1-100.

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

LIMITS ON RADIONUCLIDE CONCENTRATIONS IN LIQUID EFFLUENTS

1. Introduction
8) 10 CFR 20, Appendix B, specifies concentration fimits assoclated with the
release of radioactive materials to UNRESTRICTED AREAS.
b) Radiological efiluent controls have been established to implement the
requirements of 10 CFR 20.
c) These radiological effiuent controls are described below,

2. Radiological Effluent Controls -

&)

b)

©)

The concentration of radloactive material released In liquid effluents to
UNRESTRICTED AREAS shall be limited to the concentrations specified
In 10 CFR 20, Appendix B, Table I, Column 2 for radionuclides other
than dissolved or entrained noble gases (per Contro! 3.11.1.1).

It should be noted that NUREG-0133 specifies that the concentration of
radioactive materials in liquid effiuents to UNRESTRICTED AREAS shall
be limited to 2 E-4 microcuries per milliliter for dissolved or entrained

. noble gases, this conftrol has not been Incorporated into the CCNPP

Technical Specifications, and as a result, the ODCM does not include
calculations for same. :

The routine surveillances which are performed to verify compliance with
these radiological effluent controls are described below.

3. Survelllance Requirements

a)

Routine surveillances for BATCH RELEASEs
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(1)  Sample each "BATCH" ¢f radloactive liquid wasts prior to its
releass (per Contfrol 4.11.1.1.1).

(2) Determina the concentrations of principle gamma emitters
(inctuding, but not limited to, Mn-54, Fe-59, Co-68, Co-60, Zn-65,
Cs-134, Cs-137, Ce-141, 1-131, Mo-99, and Ce-144) in the
"BATCH" sample, prior to the "BATCH" release (per Control
4.11.1.1.1).

(3) Determine the concentration of tritium contained in a monthly
COMPOSITE SAMPLE at least oncs per month (per Control
4.11.1.1.1).

(4) Determine tha concentrations of Sr-89 and Sr-90 contained ina
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, M0-99, and Ce-144} in the
undituted, CONTINUQUS waste stream sample (per Control
4.11.1.1.1).

(3) = 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).

'y Responsible Plant Organizations ,
a) The CHEMISTRY SECTION is responsible for performing the sampllng,
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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Initiating Conditions

a)

b)

The survelllances for BATCH RELEASES shall be performed prior to
each BATCH RELEASE! and may be performed more often as speclf‘ed
in approved CHEMISTRY SECTION procedures.

The surveillances for CONTINUOUS RELEASES shall be performed at
least monthly? (until the CONTINUOUS RELEASE has been terminated)
and, if activity is identified® in the CONTINUOUS waste stream, the
survelllanoes may be performed more often as specified In approved
CHEMISTRY SECTION procedures.

Calculation Methodology

a)

b)

. At CCNPP, there are two methodologies for calculating the

concentrations of radionucdiides in the recsiving waters, at the point of
release to UNRESTRICTED AREAS, resulting from the discharge of
liquid waste.

(1)  The rgorous method shali be used IF a computer system and the
appropriate software are available.

(2 The simpllﬁer:i method may be used IF a computer system and the
appropriate sofiware are NOT available.

(3) These methods, as well as additional supporting information, are
presented in the following sections.

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 2 computer system and the appropriate software are avallable,
ensure the concentrations of radionuclides 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)
(FolFa) Z(AulAz) S 1 , - Eq. 6L
K Per Control 4.11.1.1.1.
2 Per Contro! 4.11.1.1.1.
j The LOWER LIMITS OF DETECTION shall conform to Control 4.11.1.1.1, Table 4.11-1.

Equation 6L has been derived from 10 CFR 20, Appendix 8, Table |1, Note 1.
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Fyq - = 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
sait water flow rate, and the undiluted radwasts flow rate.

The dilution water flow rate shall be calculated in accofdanca with equation 2L.

DILUTION WATER FLOW RATE
Fy = Fow * Fou + Fy Eq.2L
Few = theactual circulating water system flow rate

The flow rats of each dirculating water pump is 200,000 galions per minute.

Fe, = thesaltwater 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 ona salt watar pump Is listed on Attachment 2.

F, = actual undiluted radwasts flow rate (gpm)

If the actual undiluted radwaste flow rate Is less than 1% of tha 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.

Ay = the specific activity limit for radlonuclide I, as obtained from 10 CFR 20, Appendix B,
Table I, Column 2 (microcuries/cm3)

Ay = the specific activity of nuclide, i, in the undjtuted liquid radwaste (microcuries per
millititer)
1 = the MPC limit (MPCs) for UNRESTRICTED AREAs

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

c) Simplified method

(1)  Whenever a computer system and appropriats 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 verifying the
following inaquality is true.
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LIMIT ON CONCENTRATIONS OF RADIONUCLIDES IN UNRESTRICTED AREAS
(SIMPLIFIED METHOD) _ ,

{F I L{F) (Ansu ) (Ker) 13X A, S 4 ‘ £q. 7L

F, = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwaste flow rate s less than 1% of the total dilution water
flow rate, an undiluted radwaste fiow rate of 0 gpm may be used in equation 2L.

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

Fq = the actua! dilution water fiow 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 fiow rate, and the undiluted radwaste fiow rate.

DILUTION WATER FLOW RATE

Fq = Few + Fow + Fy Eq. 2L

Fw = the actual circulating water system flow rate .
The flow rate of each circulating water pump is 200,000 galions per minute.
F,, = the actualsalt 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.

Auaie = the specific activity fimit for 1-131 corresponding to the limiting concentration
specified in 10 CFR 20, Appendix B, Table If, Column 2
This value Is 3E-7 mlcrocuries per milliliter.

A, = the specific activity of nuclide, i, in the undiluted liquid radwaste (microcunes per
millifiter)

K¢ = aconstant, actually a safety factor, which is the ratio of the CCNPP aclivity limit to

the activity limit of 10 CFR 20, Appendix B, Table {I, Column 2, (unitless) (per
Control 3.11.1.1)

This equation has been derived from 10 CFR 20, Appendix B, Teble i, 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 fimit of 10 CFR 20, Appendix B,
Tabls |I, Column 2.

A safely factor of 1.00 will yield a activity which corresponds to the 10 CFR 20,
Appendix B, Table I, 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 II, Column 2.

It is recommendad that a safety factor of 1.0 be used for caiculating the activity,
however, other values--not to axcead 1.00—may be used as directed by tha 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, edAppendlx B, Table il, Column 2 limits whenever simplifying assumptions ars

us

The use of a safety factor is consistent with the ALARA philosophy that licensees
should maks every reasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as is
reasonably achievabla.

This safety factor has been included in equation 7L to account for any potential
nonconservatism assoclated with applying the I-131 MPC limit to all radlonuclides
identified in the liquid release. Such nonconservatism could conceivable be present
whenever radionuclides which have an MPC value higher than the I-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 tha applicable limits and corrective
ACTIONSs are initiated as described below.

Correctiva ACTIONs

a) CHEMISTRY SECTION surveillancs procedures shall contsin and/or
reference administrative and/or Technical Specification limits for
concentration of radionuclides In liquid effluents and shall specify
corrective ACTIONSs to be Initiated when thesa limits are axceeded.

b) Refer to Control 3.11.1.1 for ACTIONS to be taken in the event the
l<\:ﬁ;>l_[}cc:entra'tions of radionuclides in UNRESTRICTED AREAS exceed one
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LIMITS ON CUMULATIVE TOTAL BODY DOSES AND CUMULATIVE ORGAN DOSES FOR
" LIQUID EFFLUENTS '

1.

Iintroduction

&)

b)

c)

d)

Appendix | to 10 CFR 50 specifies total body dose limits and organ dose |
limits assoclated with the release of radiocactive liquids to
UNRESTRICTED AREAS. '

The revised 10 CFR 20 (May 1991) requires licensees to make surveys
and demonstrate compliance with the 1 mSi/yr requirement of 10 CFR
20.1302. The 1 mSifyr annual dose requlrement 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 Effluent Concentration Limits and Derlved Air
Concentration Limits — CCNPP is in compliance with the annual dose
fimit of 1 mSifyr as specified in 10 CFR 20.1302, As a result, CCNPP
shows compliance with the annual dose limit of 10 CFR 20.1302 using
gle methodologies for cumulative total body dose and cumulative organ
ose.

Radiological effluent controls have been established fo implement the
requirements of 10 CFR 50, Appendix I.

These radiological efﬁuent controls are described below.

Radiological Effiuent Controls

8)

b)

c

The total body dose to MEMBERS OF THE PUBLIC, from liquid waste
discharged to UNRESTRICTED AREAS, shall be less than 3 mrems per
calendar quarter and 6 mrems per calendar year (Control 3.11.1.2).

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),

The routine survelllances which are performed to verify compliance with
these radlological effiuent controls are described below.

Surveillance Requirement(s)

a)

b)

Cumulative total body doses to MEMBERS OF THE PUBLIC in ,
UNRESTRICTED AREAS-for 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).

Cumulative organ doses to MEMBERS OF THE PUBLIC in
UNRESTRICTED AREAS—for the current calendar month, the current
calendar quarter, the current calendar year, and the previous 92 days--
shall be ceiculated, In accordance with equation 8L, at least once per 31
days (per Control 4.91.1.2 and 4.11.1.3).

Responsible Plant Organlizations

200Z/e0

2002/€0.



Offsite Dose Calculation Manual Page 94 of 325
Revision 6
a) The CHEMISTRY SECTION is responsible for petforming the

surveilfances, listed above, whenever the appropriate initiating conditions,
listed below, are present.
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§.  Initiating Condltions

a) Perform the surveiliances, listed above, at least once per 31 days (per
Control 4.11.1.2). _

b) For BATCH RELEASES, perform the survelllances, listed above, prior to
each BATCH RELEASE of radioactive liquid waste in aocordance with
epproved CHEM]STRY SECTION procedures

c) For CONTINUOUS RELEASES, perform the surveillances, listed above
et least monthly (until the CONTINUOUS RELEASE has been
terminated) and, if activity Is identified’ in the CONTINUOUS waste
stream, the surveﬂlanoes may be performed more ofien as specified in
approved CHEMISTRY SECTION procedures.

d)  Whenever the correct initiating conditions 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 the

current calendar month, current calendar quarter, previous 92 days, and
current calendar year) shzll be calculated as follows:

CUMULATIVE TOTAL BODY OR ORGAN, o, DOSE FROM LIQUID RELEASES, r

D = Z D Eq. 8L

the sum total of the total body or organ, o, dose for all liquid releases discharged
during the applicable time interval

the organ or total body dose resulting from release, r

Cealculate the values of D, for each liquid release as described below.

b) At CCNPP, two methods exist for calculating D, (i.e., the total body and
organ doses resulting from any single release gf radnoactwe liquid to an
UNRESTRICTED AREA). . :

(1)  The rigorous method shall be used IF a computer system and the
appropriate software are avallable.

(2) “The simplified method may be used IFa computer system and the
appropriate software are NOT available. =

(3) These methods as well as additional supporting Informatlon. are
presented In the following sections.

The LOWER LIMITS OF DETECTION shall conform to Control 4.11.1.1.1, Table 4.11-1.

2002/e0
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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 availabla.

(2) If a computer system and the appropriate software are available,
the dose commifments 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 CRGAN, o, FROM A LIQUID RELEASE (RIGOROUS
EQUATION)

Do = {Vu/[{E0XFa)I} Z{(Au)(Ci)Y Eq. oL’
Where,
Fq = 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 aquation 2L.
DILUTION WATER FLOW RATE
Fd = chb"' Few + Fy Eq. 2L
Fw = actual circulating water systerh flow rate
The flow rate of each circulating water pump is 200,000 gallons per minute.
Fow = actual salt water system flow rate

If the actual salt water flow rate is unknown or otherwise not readily avallable 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 Aftachment 2.

Fy = actual undiluted radwaste flow rate (gpm)

If the actual undiluted radwasts flow rate Is lass than 1% of the total dilution water
flow rats, an undiluted radwaste flow rate of 0 gpm may be usad in equation 2L.

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

Equation 9L has been derived from NUREG-0133, 4.3.
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= volume of undlluted radwaste (gallons)

specific activity of nuclide, |, in the undiluted liquid radwaste (microcurles per

milliliter)

liquid release dose factor for nuclide, I, and organ, o {(mremvhr 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).

a constant, the number of minutes per hour

)N

(4)

in the event a computer system is unavailable, & simplified
equation may be used {o calculate the total body and organ dose
commitments due to Individual liquid releases,

The simplified method is presented below.

d)  Simplified methods

)

(2

Whenever a computer system is unavailable to perform the
rigorous fotal body dose calculations described in the previous
section, the total body dose commitments—due to each release of
radioactive liquid to an UNRESTRICTED AREA-may be
calculated in accordance with equation 10L.

Whenever a8 computer system is unavallable 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 radioactive liquid to an UNRESTRICTED
AREA--may be calculated in accordance with equation 11L.

TOTAL BODY DOSE FROM A LIQUID RELEASE (SIMPLIFIED EQUATION)

.

{ 1(586)(Va) 1/ I(Ket) (Fe) 1} Z A, Eq. 1oL’

58.6

dose commltment to the total body, due fo each release of radioactive liquid to an
UNRESTRICTED AREA

a conversion constant which includes:

1) 1.33E4 mrem/hr per microcurie/m! (the total body dose factor for Cs-134)
2) 1.000 hr/60.00 min

Equations 10L has been derived from NUREG-0133, 4.3.
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3) 1.000 galions/3.785 liters

<
n

volume of undiluted radwasts (liters) -

Kg = aconstant, actually a safety factor, which is the ratio of the CCNPP total body dose
limit to the total body dose Ilmnt 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 dosa whieh 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 recommended that a safety factor of 1.0 be used for calculating the total body
dose, howaver, 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 simplifled equations for generating radioactive liquid release permits.
This administrative control is designed to minimize the possnblhty of violating Control
3.11.1.2 when simplifying assumpbons are used.

The use of a safety facteris conszstent with the ALARA philosophy that licensees
should maka svery reasonable effort to maintain radiation exposures, and releases
of radioactive materials in affluents to UNRESTRICTED AREAS, aslowas s
reasonably achigvabla.

This safety factor has been Included in equation 10L to account for any potential
noncenservatism associated with applying the Cs-134 total body dose conversion
factor to all radionuclides identified in the liquid release. Such nenconservatism
could concelvable be present whenaver radionuclides having a dose conversion
factor greater than that of Cs-134 are present in a liquid releass.

Fq = actual dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED

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 rata shall be calculated in accordanca with equation 2L.
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DILUTION WATER FLOW RATE
Fq = Few + Fow + Fy Eq. 2L
Fo = actual circulating water system flow rate !

The flow rate of each clrculating water pump is 200,000 galions per minute.

g'ﬂ
n

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 mzay be used in equation 2L. .

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

;ﬂ
]

actual undiluted radwaste flow rate (gpm)

{f the actual undliuted radwaste flow rate is less than 1% of the total dilution water
fiow rate, an undiluted radwaste flow rate of 0 gpm may be used in equation 2L.

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

specific activity of nuclide, 1, in the undiluted liquid radwaste {microcurles per

Ao : milliliter)

DOSE TO THE ORGAN, o, FROM A LIQUID RELEASE (SIMPLIFIED EQUATION) '

Do =  {1(449) (V)M I(Ker)(Fa)1} A, Eq. 1L

D, = thedose commitment to the maximum exposed ORGAN due to each release of
radioactive liquid waste to an UNRESTRICTED AREA

449 = & conversion constant which Includes:
1) 1.02E5 mrem/hr per microcurie/m! (the dose factor for 1-131 to the thyrold)
2) 1.000 hr/60.00 min
3) 1.000 gaflons/3.785 liters

vV, = volume of undiluted radwaste (liters)

Kt

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 11L 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
dosa Is always less than or equal to the organ dose limit of Controf 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 dosea which corresponds to one-half the
organ dose limit of Control 3.11.1.2.

Itis 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, howsver a
safety factor does provids plant personnel with a degree of administrative control
over the use of simplified equations for generating radioactivs 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 raleases
of radioactive materials in effluents to UNRESTRICTED AREAS, aslowas is
reasonably achievable.

This safety factor has been included in equation 11L to account for any potential
nonconsarvatism associated with applying the 1-131 thyroid dose conversion factor
to all radionuclides identified in the liquid release. Such ncnconservatism could
conceivable be present whenever radionuclides having a dose conversion factor
greater than that of 1-131 are present In a liquid release.

dilution water flow _rate (gpm) prior to the point of release to UNRESTRICTED

The actual dilution water flow rate is the sum of the circulating water flow rate, the
salt water flow rate, and the undlluted radwasta flow rate.

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

DILUTION WATER FLOW RATE

Fa = Fow + Fsw + Fy Eq.2L

Fow

actual circulating water system flow rate

The flow rate of each circutating water pump is 200,000 gallons per minute.
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F,, = saltwatersystem fiow rate

If the actual salt water fiow raté is unknown or otherwise not readily avallable, 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.
F, = actual undiluted radwaste flow rate (gpm)

. If the actual undiluted radwaste flow rats Is less than 1% of the total dilution water
flow rate, an undiluted radwaste fiow 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.

spieciﬂc)activity of nucllde, |, in the undiluted liquid radwaste (microcuries per
miilliliter

&

7. Corrective ACTIONs

a) CHEMISTRY SECTION survelllance procedures shall contaln and/or
reference administrative andfor Control limits for cumulative total body
doses or cumulative organ doses resulting from liquid efftuents 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 tota! body dose exceeds 3 mrem per calendar
- quarter or 6 mrem per calendar year.

c) Refer to Contro! 3.11.1.2 for actions to be taken in the event the
caleutated 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

8) 10 CFR 50.35a requires licensees to malntain 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) Difierent documents (e.g., Technical Specifications or NUREG-0472)
may reference this effiuent control using & 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 & simple sum of the dose
contributions for the previous 92 days. As resul, all the terms listed

2002/e0
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d)

b)

©)

above are considered as equivalent quantities for purposes of this
effluent control at CCNPP. For simplicity, the ODCM generally uses the
phrase “doss for the previous 92 days” when referencing this sffluent
control. :

These radiological effluent controls are described below.
Radiolegical Effluent Controls

The liquid radwaste processing system shall be used to reduce the
quantity of radioactive materials in liquid waste released to the
anvironment whenever the total body doss 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).

The liquid radwaste processing system shall be used to reduce the
quantity of radicactive 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 Controf 3.11.1.3).

The routine surveillances which are performed to verify compliance with
this radiological effiuent controls are described below.

3. Surveillance Requirement(s)

a)

b)

c)

The previous 92-day, cumulative, total body dose--to MEMBERS OF THE
PUBLIC in UNRESTRICTED AREAS—shall be calculated, as described
in the ODCM, at least once per 31 days (per Control 4.11.1.3).

Tha previous 92-day, cumulative, organ doses—-to MEMBERS OF THE
PUBLIC in UNRESTRICTED AREAS—shall ba calculated, as described
in the ODCM, at least once per 31 days (per Control 4.11.1.3).

The CCNPP organization(s) responsible for performing these
surveillances are identified in the next section.

4. Responsible Plant Organization(s)

a)

The CHEMISTRY SECTION Is responsibls for performing the
surveillances, listed above, whenaver the appropriate initiating conditions,
listed below, are present.

5. Initiating Conditions

a)

b)

Perform the surveillances, listed above, at least once per 31 days (per
Controt 4.11.1.3).

For BATCH RELEASES, perform the survelllances, listed above, prior to
each BATCH RELEASE of radioactive liquid wasta in accordance with
approved CHEMISTRY SECTION procedures.

For CONTINUCUS RELEASES, parform the surveillances, listed above,
at least monthly (until the CONTINUOUS RELEASE has been

20020
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terminated) and, If activity Is identified” in the CONTINUOUS waste
. stream, the survelllances 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 survelliance(s) shall be completed in
accordance with the methodology contained in the following section.

6. Calculation Methbdolagy

a) The cumulative tota! body dose and the cumulative organ doses for the
previous 82 days shall be calculated in accordance with equation 8L
found in the section, "Limits On Cumulative Total Body Doses And
gurg&ative Organ Doses For Liquid Effluents”, found elsewhere in the

DCM.

7. Corrective ACTIONs

a) CHEMISTRY SECTION survelliance procedures shall contain/and or
reference administrative and/or Contro! limits for cumulative total body
doses or cumutlative organ doses resulting from liquid effluents and shall
spedefée 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.

! The LOWER LIMITS OF DETECTION shall conform fo Controt 4.11.1.1.1, Table 4.11-1.
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RADIOACTIVE GASEQUS EFFLUENTS

p——

wt———

P —

RELEASE PATHWAYS [B527]

1.

Introduction

a)

b)

d)

Radioactive gaseous waste generated from operation of CCNPP may be
released to the atmosphere. '

By design (i.e., in the absenca of primary-to-secondary leaks), there are
2 pathways by which waste gas from the sits may be discharged fo the
atmosphere. These pathways are listed below. General information
related to each of these potsntial release pathways is contained on
Attachment 7.

(1)  Unit 1 main vent stack

(2)  Unit 2 main vent stack

Depending on plant conditions, (e.g., primary-to-secondary leaks) a
potentlal exists for the release of radioactive materals 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) amergency air lock

(6) plant compressed air

(7 malin steam line penetrations

(8)  containment equipment hatch

(9)  auxiliary feed pumps

All of thesa pathways are described below.

Unit 1 Main Vent Stack

a)

b)

Dilution air and radioactive gaseous waste are discharged to the
atmosphers through tha Unit 1 main vent stack.

The radioactive gaseous waste is mixed with and diluted by the outside
air and building exhausts prior to exiting the Unit 1 main vent stack.
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c)

d)

e)

a)

b}

c)

d)

a)

b)

c)

ZhedUnlt 1 main vent stack Is secured to the Unit 1 reactor containment
uilding

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 bullding dome. As a result, the Unit 1 main vent stack does
not qualify as a “free-standing” stack greater than 80 meters tall’.

The Unlf 1 main vent stack Is designed to accept gaseous radioactive
waste from various sources. Sources which may contribute radioactive
material to the Unit 1 main vent stack are tabulated in Attachment 7.

Unit 2 Main Vent Stack

Dilution alr and radioactive gaseous waste are discharged to the
atmosphere through the Unit 2 main vent stack.

The Unit 2 main vent stack is designed to accept radioactive gaseous
waste from various sources.

The radioactive gaseous waste s mixed with and diluted by the outside
air and building exhausts prior to exiting the Unit 2 main vent stack.

The Unit 2 main vent stack Is secured to the Unit 2 reactor oontamment
building.

The top of the Unit 2 malin 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, the Unit 2 main vent stack does not qualify as a “free-
standing” stack greater than 80 meters tall.’

The Unit 2 maln vent stack is designed to accept gaseous radioactive
waste from various sources. Sources which may contribute radioactive
material to the Unit 2 main vent stack are tabulated in Attachment 7.

Auxiliary Boller Deaerator

.Radioactive gases may be vented from the auxiliary boiler deaerator

during periods of primary fo secondary leakege.

Steam from the Moisture Separator Reheater (MSR) may be used in the

deaerator. In the event of & ptimary o secondary leak, the MSR steam

could become contaminated. Therefore, a potential exists for the release

gf radioactive gases In steam discharged from the auxiliary boiler
eaerator.-

The discharge of steam Is accomplished via a relief vent, 0-VBV-1891,

which allows excess pressure to be vented to atmosphere.

1

As defined by Regulatory Guide 1.111
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d)

e)

In the event the auxiliary boiler deaerator were to become cont'aminatéd,
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 dischargs,

(3) the estimated steam discharge flow rate, and

{(4) the measured or average annual metecrological conditions.

In accordance with applicable safaty evaluations', continued operation of

this system is allowed as long as the concentration of radionuclides in the
awdliary boller steam drum Is less than 96 MPCs.

5. Steam Generator Atmospheric Steam Dump System

a).

b) .

c)

d)

Radicactive gases are not normally vented from this pathway.

Radicactive gases may be vented from the steam generator atmospheric
steam dump system during periods of primary to secondary leakage.

If a primary to secondary leak is present and the steam dump valves are
opened, the amount of radioactivity released and the resuiting
doses/dose rates at the SITE BOUNDARY can be estimated if the
following parameters are known (per UFSAR, 10.1.2.2):

¢} the specific activity of a main steam sample as determined by
GAMMA ISOTOPIC ANALYSIS, '

{2 the duration of dischargs,
(3) the estimated steam dischargs flow rate, and
(4) the measured or average annual meteorological conditions.

Tha 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).

8. Piant Nitrogen System

a)
b)

c)

Radioactive gases are not normally vented from this pathway.

Nitrogen Is suppiied to various components which contain radicactive
materials (e.g., VCT).

In tha evant the plant nitrogen System were to become confaminated, the

amount of radioactivity released and the resulting doses/dose rates at the

EITE BOUNDARY can be estimated If the following parameters are
nown:

! See 50.59 Log No. 90-0-027-037-R1.
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d)

€)

(1)  the specific activity of the gas In the plant nitrogen system as
. determined 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.

It should be noted that the amount of radioactivity released could be
estimated based on knowledge of other related parameters.

in accordance with gpplicable safety evaluations‘..oontin'ued operation of
this system is allowed as long as the concentration of radionuclides Is
less than 13,400 MPCs.

Turbine Bullding Exhaust

a)

b)

Radioactive gases are not normally vented from this pathway.

In the event radioactive gases were to be released through the furbine
building exhaust, the amount of radicactivity 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 bullding air,

(2)  the duration of the discharge,

{3) the estimated flow rate during the discharge, and

(4) the measured or average annual meteorological conditions.

Emergency Air Lock

a)
b)

Radioactive gases are not normally vented from this pathway.

In the event radioactive gases were to be released through the

emergency &ir 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 (8.558 cublc meters),

(3) the measured or average annual meteorological conditions.

Plant Compressed Air

a)

Radioactive gases are not normally vented from this pathway.

1 See 50.59 Log No. 80-0-074-011-R1.

s
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10.

1.

12.

b)

In the event the plant compressed air system were to become
contaminated, the amount of radiocactivity released and the resuiting
doses/dose rates at the SITE BOUNDARY can be estimated if the
following parameters are known:

(1) the spacific activily 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.

Main Steam Lina Penetrations

a)
b)
c)

d)

Radioactive gases are not normally vented from this pathway.
This penetration is cooled by outside air.

Gases may be released to the atmosphere through safety vents to the
roof at elevation 91.5 feet.

See UFSAR 9.8.2.3.

Steam Driven Auxiliary Feed Pumps

a) Radiocactive gases are not normally vented from this pathway.

b) in the event radioactive gases were to be released through the awdiiary
feed pumps, the amount of radioactivity released and the resulting
doses/dossa rates at the SITE BOUNDARY can be estimated if the
following parameters are known:

(1) - the acfivity in the steam,
(2) the volums of staam released.

Containment Equipment Hatch

a) Radioactive gases are not normally vented from this paihway.

b) In the event radioactive gases were to be released through the

containment equipment hatch, the amount of radioactivity released and
the resulting doses/dose rates at the SITE BOUNDARY c¢an be estimated
if the following parameters arz known:

(1)  the containment air activity obtained from a sample,

{2) the volume of the air released,

(3) the measured or average annual mesteorological conditions.
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13.  Other unmonitored nélease 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. Tr;)e cﬁfniﬂon of BATCH RELEASE Is included in the definitions sectlon of the
oDC

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 Aftachments 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 Attachrment 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 fo the waste
system was completed (per Technical Specification 6.6.3 or Improved

Techr‘ﬁca! Specification §.6.3). The discussion of each change shall
contain:

{1) A description of the equipment, oornponents and processes
involved; and )

(2)  Documentation of the fact that the change, Including the safety
1z':malysis. was reviewed and found acceptable by the onsite review
unction. -

b) A "miajor” 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. Detalled Description

a) A detailed description of the gaseous waste processing system is beyond
the scope of the ODCM.

b) For more information on the Wasta Gas Systam, see the CCNPP System
Description Number 14A, "Waste Gas System.”

c) For more information on the Waste Gas System, sea the CCNPP

Updated Final Safety Analysxs Reporl, Chapter 11, "Waste Processing
And Radiation Protection.”

GASEOUS EFFLUENT RADIATION MONITORS AND SETPOINTS
1. Wide Rangs 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-5418

i} type of radiation element. Off-line scintillation

iii) output; digital

iv) Radiation indicator: 1-RIC-5415

v) unifs for radiation indicator are ussr programmable
and are normally set to microcuries per cubic
centimeter or microcuries per second

vi) supplier: Sorrento Electronics (formerly General
Atomics)

() mid-range, noble gas detector
i) Designation of radiation element: 1-RE-5417
ii) type of radiation element: Solid state
iif) This nobls gas menitor is used to measure the
releasg of radioactivity from unit 1 main vent in the
event of an accident. (UFSAR, 11.2.3.2.12)

v) setpoints for tha mid-range detector will not be
addressed in the ODCM

- (c) high-range, noble gas detector
i) Designation of radiation slement: 1-RE-5418
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b)

c)

d)

i) type of radiation elemerit: Solid state

iii) This detector is used to measure the release of
radioactivity from unit 1 maln vent in the event of
an accldent.. (UFSAR, 11.2.3.2.12)

iv) setpoints for the high-range detector wilt not be
- addressed in the ODCM

{2)  The low range detector will be the only detector addressed further
in the ODCM.

Functions of 1-RE-5416

(1)  continuously measure the release rate of noble gases emanating
from the Unit 1 main vent stack (Control 4.11.2.1.1 or4.11.2.1.2,
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
4.11.2.1.1 or Control 4.11.2.1.2, Table 4.11-2)

(3) alarm (via 1-RIC-5415) prior to exceeding the site-boundary,

noble-pas, total-body-dose-rate limit of 500 mr/yr (per Control
3.11.2.1.a8)

) alarm (via 1-RIC-5415) prior o exceeding the site-boundary,

noble-gas, skin-dose-rate limit of 3000 mr/yr (per Control
3.11.21.8)

OPERABILITY of 1-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.

Monitors equivalent to 1-RE-5416

(1)  1-RE-5415 [the "Westinghouse Plant Vent Stack Monitor'] has the
capabllity 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 unavallable,
* 1-RE-5416 may fulfill the measuring, indicating, and atarming
functions normally provided by 1-RE-5415.
Radiological effluent contrals for 1-RE-5416

(1)  Control 3.3.3.0 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)

(b)

(c)
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1-RE-5415 Is operable AND tha alarm sefpoint for 1-Rl-
5415 Is set to ensure the annual dose rates due to nobls
gases at the SITE BCUNDARY are less than 500 mriyr to
the total body and are less than 3000 mrfyr to the skin (per
Control 3.11.2.1.a), or

an "equivalent monitor® Is operable AND the alarm trip
setpoint for the “equivalent monitor” Is sat to ensure
annual dosa rates dus to hoble gasss at the SITE
BOUNDARY ars less than 500 mr/yr to the total body and
ara less than 3000 mr/yr to the skin (per Control
3.11.21.a), or

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) Survelitances for 1-RE-5416

(1)  Control 4.3.3.9 requires demonstrating the OPERABILITY of 1-
RE-5416 by satisfying the checks, callbrations, and tests listed

below:

(a)

(b) .

- (©)
()

CHANNEL CHECK within the past 24 hours
SOURGE CHECK within the past 31 days
GHANNEL CALIBRATION within the past 18 months

CHANNEL FUNCTIONAL TEST within the past 6 six
months
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g)  Setpoints for 1-RIC-5415

{1) Requirements and commitments

()

(b)

The alarm and fixed seipolnts ... shall be determined and

~ adjusted In accordance with the methodology and
. parameters of the ODCM. {Control 3.3.3.9)

The method for calculating fixed or adjustable setpoints
shall be provided in the ODCM (per NUREG-0133, 5.1.1).

(2) There are four radiation alarm setpolints assoclated with, or
otherwise related to, the WRGM.

(a)
(b)
(¢

(d)

1-RIC-5415 fixed high-high radiation alarm setpoint
1-RIC-5415 fixed high radiation alarm setpoint

1-RIC-5415 adjustable plant computer high radiation alarm
setpoint

1-RIC-5415 adjustable plant computer alert setpoint.

(3) Inorder to simplify the setpoint tetrminology, eliminate ambiguilty,
and minimize the possibility of misinterpretation, the ODCM will
refer to these setpoints as follows

(@)
(b}

(©)

(d)

The 1-RIC-5415 fixed high-high radiation alarm setpoint
will be referred to as the fixed high alarm setpoint

The 1-RIC-5415 fixed high radiation alarm setpoint will be
referred to as the fixed alert setpoint

The 1-RIC-5415 adjustable plant computer high radiation
alarm setpoint will be referred to as the adjustable setpoint

The 1-RIC-5415 adjustable plant computer alert setpoint
will be referred to as the alert setpoint.

(4) Each of these alarm setpolints are described below.
h) Fixed high alarm setpoint for 1-RIC-5415

-

(1)  General information

(@)
(b)

(©

The fixed high alarm setpoint is not adjusted for each
release.

Whenever the fixed high alarm setpoint is exceeded, an
alarm will be generated,

The current value for the fixed high a!arm setpoint is

- specified in the CCNPP Alarrm Manual,
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(d)  Tha CCNPP Alarm Manual' refers to the fixed high alarm
setpoint as the Unit 1 Wide Range Noble Gas Radiation
Monitor high alarm setpolnt.

(e) Thefixad high alarm setpoint is integral to the WRGM, as
purchased from the supplier.

® The fixed high alarm setpoint is administratively controlled
by EN-1-100.

() The fixed high atarm setpoint shall be calcuiated as
described below.

(2)  Calculating the fixed high alarm setpoint for 1-RIC-5415

(@) The fixed high alarm setpoint for 1-RIC-5415 (WRGM)
shall be calculated in accordance with equation 16.2

FIXED HIGH ALARM SETPOINT FOR 1-RIC-5415

Span £ [e*/(xQ)J I Fax ! (Fg1+ Fa2 ) 1L Ana ] Eq.16°

[

the fixed high alarm setpoint for 1-RIC-5415 (microcuries per sacond)
a conversion constant (1E8 cubic centimeters per cubic meter)

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 1 main vent releases are considered "long-term” 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 (xIQ) is 2.2E-8 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routing noble gas releases)

The maximum annual average on-shora 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 estimated maln 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.

The alarm and trip sefpoints ... shall be determined and adjusted in accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).

Equation 1G has been derived from NUREG-0133, 5.2.1.

NUREG-0133, 3.3
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]

the estimated miain vent stack flow rate for Unit 1 (éub‘f& 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 high alarm setpoint.

Use the nominal Unit 1 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 (+ 26%). The Testand Equipment Unit shall
be responsible for performing this test. The results of the maln vent flow rate test
shall be evaluated to ensure the main vent fiow rates used in the ODCM are an
accurate reflection of the true maln vent fiow rates. The Radiological Effluent
Technical Specifications (RETS) Program Manager is responsible for modifying the
{main vent fiow rates used in the) ODCM In the event the maln vent flow rate for
efther Unit 1 or Unit 2 has increased to & value which Is greater than the maximum
discharge flow rates listed on Attachment 7.

the estimated main vent stack (diluted gaseous radwaste) ﬂow rate for unit 2 (cuhic
meters per second)

. Since the malin vent stack flow rate will vary depending on the configuration of alr

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 (4 25%). The Test and Equipment Unit shall
be responsible for performing this test. The results of the main vent fiow 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 elther Unit 1 or Unit 2 has increased to a value which is
greater than the maximum discharge flow rates listed on Attachment 7,

the sum of the total specific activities of all radionuclides found in TYPICAL
GASEOQOUS RADWASTE RELEASES (microcurles/cm3)

Calculate Ap, In accordance with equation 2G.
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SPECIFIC ACTIVITY CORRESPONDING TO THE SITE BOUNDARY LIMIT
() (Ana)l/ A S Luec Eq. 26"
Where,
fi = afraction which represents the relative activity contribution of noble gas radionuclide
i to the fotal noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)
This value may be obtained using the guidance provided on Attachment 5.
Ay = the specific activity limit for radionuclide, 1, as obtained from 10 CFR 20, Appendix B,
Table ll, Column 1 {microcuries/cm3)
For all the radlonuclides found in TYPICAL RADWASTE EFFLUENTS, use the
value from 10 CFR 20, Appendix B, Tabla {I, Column 1. An acceptable altemative is
to assume an isotopic mix which results In a more conservative sstpoint.
Lypc = the site MPC limit (MPCs) for UNRESTRICTED AREAs

gge ?v-a!ue chosen for Lypc In this equation Is 2. The basis for this limit is 10 CFR
7 )

It has been shown® that, for the radionuclides present in TYPICAL GASEQUS
EFFLUENTS from CCNPP, the 2 MPC limit is more restrictive than the limits of
Control 3.11.2.1(a).

It should ba noted that by using "2” as the MPC limit (1 0 CFR 50.72), instead of
usingﬁthe 2Iiré1its 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 Initlate a determination of
whather the "4-hour NRC notification" {specified in 10 CFR 50.72) Is required.

(3) Documenting the fixed high alarm setpoint

(3)  Whenever the fixed high alarm setpolnt is calculated, the
specific values chosen for each of the variables shall be
documented In accordance with EN-1-100.

This equation has been derived from 10 CFR 20, Appendix B, Table I, Note 1.
Addendum To Setpoint Calculations For WRGM Monitors 1-RIC-5415 and 2-RIC-5415, R.L.
Conatser, Decomber 10, 1991.
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(4)  Changing the fixed high alarm setpoint for 1-RIC-5415

(@)

(b)

()

(d)

(e)

If the fixed high alarm sefpolnt calculated in accordance
with equation 1G exceeds the maximum range of the
monitor, the fixed high setpolnt shall be adjusted to a value
which falis within the normal operating range of the
monitor,

The fixed high alarm setpoint may be established at values
lower than the maximum allowable setpolnt, if desired.

A setpoint change should be initiated whenever any of the
parameters Identified in the setpoint calculation equations
(identified in this section of the ODCM) have changed.

The fixed high alarm setpoint should not be changed
unless one of the following occurs:

)} 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,

i)  the historical maximum annual average
atmospheric dispersion factor has changed,

)  the MPG imlt at the SITE BOUNDARY, (Lypc) has
changed,

iv)  the Unit 1 or Unit 2 main vent stack flow rate has
changed by greater than or equal to 10%2,

V) the velues listed in 10 CFR 20, Table H, column 1
have changed,

vi) the radiation monitor has been recently calibrated,
repaired, or ctherwise altered, or

vii)  the monitor Is not conservative in its function (see
"Functions of 1-RE-5416" earller in this section).

EN-1-100 contains the administrative controls associated
with changing and approving fixed high alarm setpoint.

As determined In accordancae with Attachment .
As determined by enalysis of the TE-001 and ETP-87-16 test results.
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)] Fixed alert setpoint for 1-RIC-5415

(1)  General Information

(@)
(b)

(c)

(d)

)]

)

(9

The fixed alert sefpoint Is not adjusted for each release.

Whenever the fixed alert setpoint Is exceaeded, an alarm
will be generated. |

Tha CCNPP Alarm Manual does not reference this
setpoint.

The fixed alsrt setpoint Is integral to the WRGM, as
purchased from the supplier.

The current value for the fixed alert setpoint Is specified in
the CCNPP Setpoint File.

The fixed alert setpoint fs adminlsiratively centrolied by
EN-1-100.

Tha fixed alert setpoint shall be calculated as described
below'.

(2) Calculating the fixed alert setpoint for 1-RIC-5415

€))

Tha fixed alert setpoint for 1-RIC-5415 shall be calculated
as described below:

FIXED ALERT SETPOINT FOR 1-RIC-5415

Span <

Ket[ Smanl ‘ Eq. 36

Where,

Spy = the fixed alert setpoint for 1-RIC-5415 (microcuries per second)

Spen = the fixed high alarm setpoint for 1-RIC-5415 (microcurles per second)
Ky = a oonétant, actually a safety factor, which is the fraction of the fixed high setpoint

(unitless).

Tha safety factor chosen shall ba 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 sefpoint which corresponds to the fixed

high alarm setpoint.

A safety factor of 0.100 will yleld a fixed alert setpoint which corresponds to one-
tenth ths fixed high alarm sstpoint.

The alarm and trip setpoints ... shall be determined and adjusted in accordance with the

methodology and parametsrs of the ODCM. (Control 3.3.3.9).
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It is recommended that a safety factor of 0.1 be uséd for calculating the fixed alert
setpolnt, 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
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
possibllity of violating either the 10 CFR 50.72 limit or the Contro! 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 achlevable.

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 efficlencies, and other statisticat aberrations from adversely
impacting the calculated fixed alert setpoint.

(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) Asetpoint change should be Initiated whenever any of the
parameters ldentified in equation 3G have changed.

{b)  The fixed alert setpoint should be changed whenever the
fixed high setpolnt Is changed.

(¢)  Thefixed alert setpoint should be changed If the value of .
the safety factor Is changed.

(d)  See EN-1-100 for a description of activities associated with
setpoint changes and setpoint approvals.
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) Adjustable alarm setpoint for 1-RIC-5415

(1)  General information

(a)

(b)

©

(d)

(e)

®

(@)

(h)

0

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 contalnment vent, and each containment
purge discharged via the main vent.

The adjustable setpoint is based on tha specific activities
of the radionuclides present in either the WGDT or the
containment building, whichever is applicable. (The
radionuclide concentrations are determined by
radiochemical analysls in accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

Whenever the adjustable setpoint is exceeded, the
WGDT, PURGE, or vent discharga via the maln vent will
be manually suspended

Refer to the Alarm Manual for a full list of operator
ACTIONSs taken in response to this alarm.

Tha adjustabla satpoint corresponds to. the maximum
concentration of radionuclides anticlpated or expected
when discharging a. WGDT, a containment vent, or 2
contalnment purge via the main vent. For containment
purges during outages, system evolutions may cause
containment atmosphera activity fo increase above what is
normally expected for short periods of time.

The value for the adjustabla setpoint is recorded on the
gaseous releass permit in accordance with applicable
CHEMISTRY SECTION procedures.

This alarm is not integral to the main vent radiation
monitor, as purchased from the supplier.

This alarm Is generated by the plant computer which
monitors output from' 1/2-RIC-5415, and provides an alarm
to plant operators when the 1/2-RIC-5415 ad|ustabls
setpoint has been exceeded.

When this monitor Is satisfying the minimum channeals
operable requirement (per Control 3.3.3.9), a valus for the
adjustable alarm setpoint shall 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 edjustable setpoint is based on the specific activity of
the radionuclides in the undiluted gaseous waste (as
determined by radiochemical analysis per Control
g‘ll 1.2.1.2), and the alarm setpolnt Is calculated as-shown

elow. :

ADJUSTABLE SETPOINT FOR 1/2-RIC-5415

S S (K) (Fex) () [(Fu/Fe ) Z(As)(®)]+Bkg} Eq.29G"

S.g = tneadjustable setpoint for 1/2-RIC-5415 (microcuries per second)

Ke = aconstant, actually a safety factor, which allows for fluctuation In radiation monitor
~ response (unitiess)

This safety factor helps ensure the release Is not unnecessarily terminated due to
(1) electronic anomalies which cause spurlous monitor responses, (2) statistical
fluctuations in disintegration rates, (3) statistical fluctuations in detsctor efficiencies,
(4) errors associated with sample analysls, (5) errors associated with monitor

. calibrations?, and (6) anticipated short term varlations in containment activity
(applicable to containment purges only). .

it is recommended that a safety factor of 10 for containment purge teleases 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
mlnlmlz]e the possibility of violating either the 10 CFR §0.72 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 effiuents to UNRESTRICTED AREAS, aslow as Is
reasonably achlevable.

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(z) will not be exceeded.”

(per NUREG-0133, 5.1.1).

Equation 29G has been derived from NUREG-0133, Addendim, page AA-1.
The "analysis errors” and “calibration errors” refer to errors which are within established quality
assurance and quality contro! limits. )
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Ay

Bkg

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 adjustable setpoint. Additionally for a special case of
containment purges during outages, tha safsty factor allows for short term variations
in activity created as a result of system svolutions In containment.

maximum undiluted radwaste flow rate (cubic meters per second)

Values of maximum undiluted radwaste flow rates for vérious waste streams are
tabulated in Attachment 7.

the estimated malin vent stack (diluted gaseous radwaste) flow rate for unit x (cubic
meters per second) :

Since the main vent stack fiow 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 sefpoint.

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 {+ 25%). The Test and Equipment Unit shall
be responsibls for performing this test. Tha results of the main vent flow rate test
shall be evaluated to ensurs the main vent flow rates used In the ODCM are an
accurats 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 elther Unit 1 or Unit 2 has increased to a valua which is

greater than the maximum discharge flow rates listed on Attachment 7.

specific activity of radionuclids, i, in the undiluted waste stream, either the WGDT or
the containment building {microcuries per cubic centimeter)

absolute detector efficiency for nuclide, i (microcurles Xe-133 equlvalent per
microcuries nuclide 1)

- The detecter efficlency for each radionuciide may be calculated from data coilected

il

during calibration of the radiation menitor.
an approximation of the detactor background (microcuries per cubic centimeter)

a converslon constant (1E8 cublic centimeters per cubic meter)
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(3)  Documenting the adjustable setpoint for 1/2-RIC-5415

(8)  Whenever the adjustable setpoint is calculated, the
speciiic values chosen for each of the varlables shall be
documented in accordance with approved CHEMISTRY
SECTION procedures {e.g., CP-604).

(4) Changing the adjustable setpoint for 1/2-RIC-5415

(@)  Inall cases, the adjustable setpoint shall be set to & value
~ which {s 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
falts 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 3.3.3.8 ) the calculated
. value for the adjustable setpoint shall be entered Into the
plant computer prior to each release of a WGDT, e
containment vént, or & containment purge via the main
vent.

k) Alert setpoint for 1-RIC-5415
(1)  General Information
(@)  The alert setpoint is appficable to containment purges only.

{b)  Whenever this monitor Is satisfying the minimum channels
. operable requirement (per Control 3.3.3.9 ), the alert
sefpoint is calculated and adjusted prior to each
containment purge discharged via the main vent.

()  The alert setpoint Is based on the specific activities of the
radionuclides present in the containment bullding. (The
radionuclide concentrations are determined by
radiochemical analysis in accordance with applicable
CHEMISTRY SECTION procedures as required by
Contro! 4.11.2.1.2). :

{d)  Whenever the glert setpoint is exoeéded the PURGE via
the main vent may continue.
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(e) The alert sstpoint corresponds to a laval 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.

® The value for the alert setpoint is rei_:orded on the gaseous
releass permit in accordance with applicable CHEMISTRY
SECTION procedures.

(g) This alarm is not integral to the main vent radiation
monitor, as purchased from the supplisr.

(h)  This alarm Is generated by the plant computer which
monitors output from 1/2-RIC-5415, and provides an alarm
to plant operators when the 1/2-RIC-5415 alert setpoint
has been excesded.

0] When this monitor is satisfying the minimum channels
operable requirement {per Control 3.3.3.8), a value for the
alert setpoint shall be calculated prior to each containment
purge via the main vent as shown below.

(2) Calculating the alert setpoint for 1/2-RIC-5415

(a) Thealert setpointis based on the specific activity of the
] radionuclides in the undiluted gaseous wasta (as
determined by radiochemical analysis per Control
42! 1.2.1.2), and the setpoint is calculated as shown
below.

ALERT SETPOINT FOR 1/2-RIC-5415

Sir € {(1.50) Fa) (') {[(Fu/Fa)Z(Au)(2)1+Bkg} Egq.296

Suen = thealert setpoint for 1/2-RIC-5415 (microcuries per second)
1.50

a constant, actualty a safsty factor, which allows for fluctuation in radiation monitor
response (unitless)

This safety factor helps ensurs the release Is not unnacessarily terminated dua to
(1) electronic anomalies which cause spurious monitor responses, (2) statistical
Tluctuations in disintegration rates, (3) statistical fluctuations in detector efficiencies,
(4)rgrr%rs agsodated with sample analysis, and (5) emrors associated with monitor
calibrations®,

Equation 29G has been derived from NUREG-0133, Addendum, page AA-1.

The "analysis errors” and "calibration ervors® refer to efrors which are within established quality
assurance and quality control limits.
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The use of the safety factor Is consistent with ALARA phillosophy that licensees
should make every reasonable effort to malntain radiation exposures, and releases

- of radioactive materials in effluents to UNRESTRICTED AREAS, as lowas 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 & value(s)
which represents a safe margin of assurance that the instantaneous gaseous
release limlt of Control 3.11.2.1(a) will not be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fiuctuations in the nominal plant vent stack flow

" rates, errors in monitor efficiencles, and other statistical aberrations from adversely

impacting the calculated alert setpoint.
maximum undiluted radwaste flow rate (cubic meters per second)

Velues of maximum undiluted radwaste flow rates for various waste streams are
tabulated in Attachment 7.

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 uni, the
configuration of air dampers, and the input gas streams, nominal main vent stack
flow rate Is used to calculate the alert sefpoint.

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 (+ 25%). The Test and Equipment Unit shall
be responsible for performing this test. The results of the maln vent fiow rate test
shall be evaluated to ensure the maln 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.

specific activity of radionuclide, 1, in the containment buliding (miemcunes per cubic
centimeter)

absolute detector efficiency for nuclide, | {microcuries Xe-133 equivalent per
microcuries nuclide i) ,

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

an approximation of the detector background (microcurles per cubic centimeter)

a converslon constant (1E6 cubic centimeters per cubic meter)

(3)  Documenting the alert setpaint for 1/2-RIC-5415




Offsite Dose Calculation Manual . Page 126 of 325

Revision 6

(@)  Whenever the alert setpoint Is calcutated, the specific
values chosen for each of the variables shall be
documented in accordancs with approved CHEMISTRY
SECTION procedures {(e.g., CP-804).

(4)  Changing the alert setpoint for 1/2-RIC-5415

(@) Inall cases, the alert setpoint shall be set {o a value which
Is {ess thar or equal to the fixed setpoint.

(b) Ifthealert setpoint exceeds the maximum range of the
~ monitor, the sefpoint shall ba adjusted to a valus which
falls within the normal operating range of the monitor.

(©) CHEMISTRY SECTION procedures (2.9., CP-804) contain
administrative controls associated with calculating and
approving an alert setpoint. '

(d)  Whenever this monitor Is satisfying the minimum channsls
operable requirement (per Control 3.3.3.9) the calculated
valua for the alert sefpoint shall be entered info the plant
computer prior to each containment purge via the maln
vent.

Wide Range Gas Monitor (2-RE-5416)

a) all Information related to 1-RE-5416 Is applicable to the Unit 2 WRGM
with the following exceptions(s)

b) Moenitors equivalent to 2-RE-5416
(1) 2-RE-5415 [the "Westinghouss Plant Vent Stack Monitor"] has the
capability of providing the measurement and alarm functions of 2-
RE-5416 during times when 2-RE-5418 is declared inoperable

(20 2-RE-5415 provides redundant monitoring [for 2-RE-5418] at the
low end of the concentration ranges (UFSAR 11.2.3.2.12)

Westinghouss Plant Vent Stack Monitor (1-RE-5415)

a) The Westinghousa Plant Vent Stack Monitor contains 2 radiation
elements

(1) 1-RE-5414
(@) particulate detector
(b)  off-line scintillation detector
(©) analog output
(d) supplles signals to radiation indicator 1/2-RI-5414
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(e)  values displayed by 1/2-RI-5414 are in units of counts per
minute
'] the detector manufacturer is Westinghouse
1-RE-5415
(8) noble gas detector
(b) off-line GM Tube
(c) analog output
(d) -supplies signals to radiation indicator 1/2-RI-5415

(e) val'ues displayed by 1/2-RI-5415 are in units of counts per
minute

(D the detector manufacturer is Westinghouse

Functions of 1-RE-5414

(1

(2

The functions of 1-RE-5414 are mentioned here only as a basls
for excluding this radiation element from the setpoint controls of
Contro! 3.3.3.9.

This monitor (the particulate monitor) was retired in place.

Functions of 1-RE-5415'

M

@
@

@

continuously measure the activity {cpm) of noble gases emanating
from the Unit 1 main vent stack (Control 4.11.2.1.2, Table 4.11-2)

continuously indicate (via 1-R1-5415) the activity (cpm) of noble
gases emanating from the Unit 1 meain vent stack (Control
4.11.2.1.2, Table 4.11-2)

alarm (via 1-RI-5415) prior to exceeding the slite-boundary, noble-
gas, togal-l):ody—dose-rate.limit of 500 mr/yr (per Control
3.11.21.a

alarm {via 1-RIC-5415) prior to exceeding the site-boundary,
no1b1|e-gas, skin-dose-rate Iimit of 3000 mr/yr (per Control
3.11.2.1.8) o

1

this waste stream.

This (rediation element) monitors noble gases. Other radiation elements monitor particulates in
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d) OPERABILITY of 1-RE-5415

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

(2)  Thefunctions 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-5418) 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) Inths event 1-RE-5415 Is inoperable or otherwise unavailable,
1-RE-5416 may fulflil 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 Rangs Gas Monitor does not
preclude the use of 1-RE-5418 as a backup for 1-RE-5415. This
is menticned only as a basis for excluding 1/2-RE-5414 from the
setpoint controls of Confrol 3.3.3.9 (see "Functions of 1-RE-5414"
earller 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 tha following three conditions are satisfied

(a) 1-RE-5415 Is oparabls AND the alarm setpoint for 1-RI-
5415 are set to ensure the annual dosa rates due to noble
gases at the SITE BOUNDARY are less than 500 mriyr 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 monitor” {(see section (¢) abovs) is operable
AND the alarm satpolint for the "equivalent monitor” are
set to ensure annual dose rates due to nobla gases at the
SITE BOUNDARY ars less than 500 mr/yr to the total
go1d1y ;\r;d ?re less than 3000 mr/yr to the skin (per Control

11.2,1.a), or

(¢) grab samples are obtained and analyzed for gross activity
at least onca per 24 hours In accordance with Controls
3.11.2.1.3,4.11.2.1.1, 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 setpoints related to the noble gas detector 1-RE-5415,
As a result, the 1500 my/yr organ dose limit is not included as &
radiological effluent control In this section of the ODCM.

Q) Survelllances 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:

(2) 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

h) Setpoints for 1-RI-5415 »
(1) Requirements and commitments
(@) The alarm and fixed setpoints ... shall be determined and
adjusted in accordance with the methodology and
parameters of the ODCM. {Contro! 3.3.3.8)

(b}  The method for calculating fixed or adjustable setpoints
shall be provided in the ODCM. (NUREG-0133, 5.1.1)

(2)  There are four alarms associated with, or otherWIse related to,
1-RE-5415.

(8)  1-RI-5415 fixed high radiation alarm sefpoint

(b)  1-RI-5415 adjustable plant computer high radiation aelarm
setpoint

(¢)  1-RiI-5415 low radiation alarm setpoint
(d)  1-RI-5415 adjustable plant computer alert setpaint.
(3)  In order to simplify the setpoint terminology, eliminate ambiguity,
' and minimize the possibiliity of misinterpretation, the ODCM will
refer to these setpoints as follows

(a) The 1-RI-5415 fixed high radiation alarm setpoint will be
referred to as the fixed setpoint.

(b)  The 1-R1-5415 adjustable plant computer high radiation
alamm setpoint will be referred to as the adjustable
setpoint.
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The 1-RI-5415 low radiation alarm s;etpolnt will be referred
to as the low setpoint.

The 1-RI-5415 adjustable plant computer alert setpoint will
be referred to as the alert satpoint.

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

)] The fixed setpoint for 1-RI-5415

(1)  General information

(a)
(b)

()
(d)
(®)
®

()

The fixed setpoint [s not adjusted for each release.

Whenever the fixed sstpoint is exceeded, an alarm will be
generated.

The current value for the fixed setpoint is specified in the
CCNPP Alarm Manual.

The CCNPP Alarm Manual refers to this setpoint as ths 1-
RI-5415 High Alarm Setpoint.

The fixed setpoint Is integral to the Main Vent
(Westinghouss) RMS as purchased from the supplier.

138 fixed setpolnt is administratively controlled by EN-1-

The fixed setpoint shall be calculated as described below'.

(2) Calculating the fixed setpoint for 1-RI-5415

(a)

The fixed setpoint for 1-RI-5415 (plant vent stack monitor)
shall ba calculated-in accordance with equation 4G.

THE FIXED SETPOINT FOR 1-RI-3415

Sw <

Sex
Kat

{ Kt/ [(X/Q) (Fay *Fez) 1Y Z[( 1) ( Awn) ] Eq. 46G*

the fixed setpoint for 1-RI-5415 (counts per minute)
a constant, actually a safety factor, which Is the ratio of the CCNPP activity limit to

the MPC limit, Lype, Used in equation 2G (unitless)

The safety factor chosen shall be less than or equal fo 1.00. This ensures the fixed
setpoint is always less than or equal to the MPC limit, Ly;pe, used in equation 2G.

‘The alarm and trip setpoints ... shall be determined and adjusted In accordance with the

methodology and paramsters of the ODCM. (Control 3.3.3.9).
Equation 4G has been derlved from NUREG-0133, 5.2.1, (the 500 mr/yr squation).
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x/Q

A safety factor of 1.00 will yield a fixed setpo:nt which corresponds to the MPC limit,
Lype: In equation 2G.

A safely factor of 0.500 will yield a ﬁxed sefpoint which oorresponds to one-half the
MPC limit, Lypc, in equation 2G.

It is recommended that a safety factor of 1 0 be used for calculating the fixed
setpoint, however, other values--not to exceed 1 Oo-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
possibllity of violating either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

The use of a safety factor Is conslistent 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 achlevable.

The use of a "safety margin” Is In accordance with the provislons 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 efficiencles, and other statistical aberrations from adversely
impacting the calculated fixed setpolnt.

the highest calculated annual everage relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

Unit 1 and Unit 2 main vent releases are considered "long-tem'a 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 cbncentrations occur in the southeast
sector &t a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

the estimated méln vent stack flow rate for Unlt 1 (cubic meters per second) .
Since the maln vent stack fiow rate wil vary dependxng 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 1 main vent stack fiow rate listed on Attachment 7.

1

NUREG-0133, 3.3
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The main vent stack flow rats shall ba determined, in accordancs with approved
procedures, at least once per 8 months (+ 25%). The Test and Equipment Unit shall
be responsibla for performing this test. The results of the main vent flow rate test
shall be evaluated to ensura the main vent flow rates used in the ODCM are an
accurata reflection of the trus 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 rata 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.

the estimated main vent stack flow rate for unit 2 (cublic 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
calculata the fixed setpoint.

Usa the nominal Unit 2 main vent stack flow rate listad on Attachment 7.

The maln vent stack flow rate shall be determined, In accordanca with approved
procedures, at least once per 8 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 malin vent flow rates used in the ODCM are an
accurate reflection of tha {rue maln vent flow rates. The RETS Program Manager Is
responsibla for modifying the (main vent flow rates used in the) ODCM in the event
the maln vent flow rate for either Unit 1 or Unit 2 has Increased to a valus which is
greater than the maximum discharga flow rates listed on Attachment 7.

absolute detector efficlency for nudlide, | (cpmlmicrocunes per milliliter)

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

the speciflc activities of radionuclide, |, found in TYPICAL GASEOUS RADWASTE
RELEASES (calculated in accordance with 10 CFR 20, Appendix B, Tabla Il, Note 1
as described below; microcuries per milliliter)

Caleulats Ay, in accordance with equation 5G.

* SPECIFIC ACTIVITY LIMIT FOR NUCLIDE | IN A RADIONUCLIDE 'MIXTURE

Al = () (Ana) Eq. 5G

]

a fraction which represents the relative activity contribution of noble gas radionuclide
1 to the total noble gas activity for TYPICAL GASEQOUS EFFLUENTS (unitless)

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

the sum of the total specific activitles of all nobls gas radicnuclides found in
TYPICAL GASEOUS RADWASTE RELEASES (m!crocurieslcm3)

Calculate Ay, In accordancs with equation 2G.
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SPECIFIC AQTWITY CORRESPONDING TO THE SITE BOUNDARY LIMIT

S (Ana) 1AL < Lurc : Eq. 26"

Lyec = the MPC limit

AlLt‘

'glo'le value chosen for Lypc in this equaﬂon is 2. The basis for thxs imitis 10 CFR
72,

It has been shown that, for the radionuclides present in TYPICAL GASEQUS
(E:FO-'FLUI%NT S from CCNPP, the 2 MPC limit Is more restiictive than the limits of
ntrol 3.3.3.9.

It should be hoted that by usan *2" as the MPC limit (10 CFR §0.72), instead of
using the ligl& of Control 3.11.2.1(a),.a safety factor has been moorporated Into
equation 2

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 setpo!nts to account for system variables, ...
the variablility in release flow, ... and the time lag between alarm and final isolation of
radioactive effluents.”

An alarm setpolint corresponding to 2 MPCs serves fo Initiate a determination of
whether the “4-hour NRC nofification” (specified in 10 CFR 50.72) Is required.

The use of a limiting specific activity equivalent to 2 MPCs is consistent with the -
provislons of 10 CFR 20.

the specific activity limit for radionuclide, |, as obtained from 1 0 CFR 20, Appendix B,
Table 1, Columnn 1 (microcuries/omn?)

For gli the radionuclides found In TYPICAL RADWASTE EFFLUENTS, use the. -
value from 10 CFR 20, Appendix B, Table ll, Column 1. An acceptable alternative Is
to assume an Isotopic mix which results in a more conservative setpoint.

N -

Equation 2G has been derived from 10 CFR 20, Appendix B, Table I, Note 1.
Addendum To Setpoint Caleulations For WRGM Monitors 1-RIC-5415 and 2-RIC-5415, R L.
Conatser, December 10, 1891.

- e e . G e LR RS 8 00 Sienss s mainp bwerrmmaeE Witm ceie 40 SaSHE G 6 mime  Gew sums o4 bmes €S0 405 eedibiny ¢ SN EmAs & Moo sbrmeisees < ar o8 b iciibeeiem whe

:
g



Offsite Dose Calculation Manual Page 134 of 325
Revision 6

(3)  The low setpoint for 1-RI-5415

(a) The ODCM does not address the calculations associated
with the low setpoint.

(b)  The low setpoint is specifled in the CCNPP Alarm Manual.

{c)  The low setpoint may be used to determine OPERABILITY
of this monitor (in accordancs with the provisions of
Control 4.3.3.9, Tabls 4.3-11, Note 2).

(4)  Adjusting the fixad sstpoint for 1-RI-5415

(@)  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 atlowabls setpoint, if desired.

(¢}  Asstpoint change should be Initiated whenever any of the
parameters identifled in equaﬂon 4G have changed,

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

f) - the relative activity' of any radionuciide In TYPICAL
GASEOUS EFFLUENTS has changed by greater
than 10%, and the new radlenuclide mixturs yields
a fixad setpoint which Is 10% (or more) Iower than
the current fixed satpolnt,

if) the historical maximum annual average
atmospheric dispersion factor has changed,

i)  the MPC limit at the SITE BOUNDARY, (presently
2 MPCs) has changad,

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%?2,

V) the valuss listed in 10 CFR 20, Tabls Il, column 1
have changed,

vi) the radlation monitor has been recently calibrated,
repaired, or otherwise altered, or

As determined In accordance with Attachment 5.
As determined by analysls of tha TE-001 and ETP-87-16 tast rasults.
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- vif)  the monltor tsv hot conservative in its function {see

section "Functions of 1/2-RE-5415" earlier in this
section).

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

I} Adjustable setpoint for 1/2-RI-6415

(1)  General information

()

(b)

()

(d)

(e)

®

(9)

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.

The adjustable setpoint Is based on the specific activities
of the radionuclides present in either the WGDT or the
contzinment building, whichever is applicable. (The
radionuclide concentrations are determined by
radiochemical analysls In accordance with applicable
CHEMISTRY SECTION procedures as required by
Control 4.11.2.1.2).

Whenever the adjustable setpoint is exceeded, the - -
WGDT, PURGE, or vent discharge via the maln vent wﬂl
be manually suspended

Refer to the Alarm Manual for a full list of operator
ACTIONSs taken in response to this alarm.

The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected .
when discharging a WGDT, a containment vent, ora

. containment purge via the main vent. For containment

purges during outages, system evolutions may cause -
containment atmosphere activity to Iincrease above what is
normally expected for short periods of time.

The value for the adjustable sefpoint Is recorded on the
gaseous release permit In accordance with applicable
CHEMISTRY SECTION procedures.

This alarm is not Integral to the main vent radiation
monitor, as purchased from the suppller.
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(h)  This alarm [s generated by the plant computer which
monitors output from 1/2-R1-5415, and provides an alarm
to plant operators when the 1/2-R1-5415 adjustable
setpoint has been exceeded.

)] When this monitor Is satisfying the minimum channels
operable requirement (per Control 3.3.3.9), a value for the
adjustable satpoint shall be calculated prior to each
release of a WGDT, each containment vent, and each
containment purge as shown below.

(2) Calculating the adjustable satpoint for 1/2-RI-5415

(a) The adjustable alarm setpoint is based on the specific
activity of the radionuclides in the undiluted gaseous waste
(as determined by radiochemical analysls per Control
g1| 1.2.1.2), and the alarm setfpoint Is calculated as shown
elow.

ADJUSTABLE SETPOINT FOR 1/2-RI-3415

84 S (Ked ( Ful Fax) [ ( Au) (1) + Bkg] Eq. 27G

8.4 = the adjustable setpointfor 1/2-RI-5415 (¢pm)

Ky = 3 constant, actually a safety facter, 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 efficiencles,
(4) errors associated with sample analysls, (§) emors assoclated with menitor
calibrations?, 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 calculating the adjustabla setpoint. However, other values for purge releases -
not to exceed 10 — may be used as directed by the Generat Supervisor Chemistry.
A safety factor of 1.5 shall ba used for all other gaseous releases

The particular value selected for the safety factor Is somewhat arbitrary, howsaver a
value less than or squal to 10 does provide plant personnel with adequate time to
respond to changing plant conditions and to initiate corrective ACTIONs so as to
mlniméze the possibility of violating either the 10 CFR 50.72 limit or tha Control
3.3.3.9 limits.

Equation 27G has been derived from NUREG-0133, Addendum, paga AA-1. '
The "analysis errors” and "calibration errors" refer to etrors which are within established quality
assurance and quality control limits.
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Ay

Bkg

n

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 provislons of NUREG-0133
which states that "... the alarm and trip sefpoints ... 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 ﬂuctuatxons in the nominal plant vent stack flow
rates, errors in monitor efficlencies, and other statistical aberrations from adversely
|mpacting 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 es a result of system evolutions in containment.

maximum undiluted radwaste fiow rate (cublc meters per second)

Values of maximum undiluted radwaste fiow rates for various waste streams are
tabulated in Attachment 7.

the estimated main vent stack (diluted gassous radwaste) flow rate for unit x (cubic
meters per second) .

Since the maln vent stack flow rate wil! 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 fiow 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 maln vent flow rates used in the ODCM are an
accurate reflection of the true main vent flow rates. The RETS Program Manageris
responsible for modifying the (maln vent fliow rates used in the) ODCM in the event
the main vent flow rate for elther Unlt 1 or Unit 2 has Increased to a value which Is
greater than the maximum discharge fiow rates listed on Attachment 7

specific activity of radionuclide, i, in the undiluted waste stream, elther the WGDT or
containment bullding as applmble (microcuries per milliliter)

absolute detector efficiency far nucﬁde. l (cpm/microcuries per milliliter)

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

&n approximation of the detector background {cpm)
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Documenting the adjustable setpoint for 1/2-RI-5415

(a)

Whenever the adjustabla setpoint Is calculated, the
specific values chosen for each of the variables shall be
documented in accordance with approved CHEMISTRY"
SECTION procedures (s.g., CP-604).

Changing the adjustable satpoint for 1/2-RI-5415

(a)

(b)

(c)

(d)

In all cases, the adjustable alarm setpoint shall be setto a
value which Is less than or equal to the fixed setpoint.

If the adjustable setpoint 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.

CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls assoclated with calculating and
approving an adjustable setpoint.

Whenever this monitor Is satisfying the minimum channels
operable requirement (per Contral 3.3.3.9 ) the caleulated
value for the adjustabla setpoint shall be enterad into the
plant computer prior to each release of a WGDT, a
containment vent, or a contalnment purge via the main
vent '

k) Alert setpoint for 1/2-RI-5415

(1

General information

(a)

- ()

()

©

The alert setpoint is applicable to containment purges only.

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
contalnment purge discharged via the main vent.

The alert setpolint is based on the specific activities of the
radionuciides present in tha containment building, (The
radionuclide concentrations are determined by
radlochemical analysis In accordance with applicable
CHEMISTRY SECTION procedures as required by
Controf 4.11.2.1.2).

Whenever the alert setpoint is exceeded, the PURGE via
the main vent may continue.
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- (f) The alert setpoint corresponds to a level of activity which
indicates additional source term(s) may be present, and as
a result, additiona!l notifications and/or actions are required
to identify the source and to accurately account for the
actlvlty discharged.

{0) The value for the alert setpolnt is recorded on the gaseous:
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.

()] This alarm is generated by the plant computer which
monitors output from 1/2-R1-6415, and provides an alarm
to plant operators when the 1/2-RI-5415 alert setpoint has
been exceeded.

()] When this moriitor 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 setpoint for 1/2-RI-6415

(@) Theealert setpointis based on the specific activity of the
radionuclides In the undiluted gaseous waste (as
determined by radiochemical analysls per Control -

g .11.2.1,2), and the setpointis calculated as shown
elow.

ALERT SETPOINT FOR 1/2-RI-5415

Suwn < 150 (Fu/Fa)IZ(Au) (&) + Bkg] Eq.27G"

Sgen = the alert setpoint for 1/2-RI1-5418 (cpm)

1.50 = aconstant, 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) efrors assoclated with sample analysis and (5) errors associated with monltor
calibrations.?

Equation 27G has been derlved from NUREG-0133, Addendum, page AA-1.

The "analysis errors” and "calibration errors” refer to errors which are within established quality
assurance and quality control limlts. .
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The use of the safety factor is consistent with ALARA philosophy that licensees
should make every reasonable effort to maintain radlation exposures, and releases
of radlioactive materials in effluents to UNRESTRICTED AREAS, as lowas Is
reasconably achlevable.

Tha 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 efficiencles, and other statistical aberrations from adversely
impacting the calculated alert setpoint.

maximum undiluted ;adwaste flow rate (cubic meters per second)

Values of maximum undiluted radwasts flow rates for various waste streams are
tabulated in Aftachment 7.

the estimated main venf stack (diluted gaseous radwaste) flow rate for unit x {(cublc
meters per second)

Sinca the main vent stack flow rate will vary depending on the reactor unit, the
configuration of alr 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 rats 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 resuits of the main vent flow rats test
shall ba evaluated to ensurs the main vent flow rates used in the ODCM ars 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 Aftachment 7.

speﬁiﬂc)acﬁvity of radionucilds, 1, in the containment buiiding (microcuries per
milliliter’

absolute detector efficiency for nuclide, | (cpm/microcuries per millifiter)

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

an approximation of the detector background {cpm)
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(3)  Documenting the alert setpoint for 1/2-RI-5415

(@) 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-R1-5415 .

(8) Inellcases, the alert setpaint shall be set to a value which
Is less than or equal to the ﬂxed setpoint.

(b)  If the alert setpoint 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.

{(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls assoclated with calculating and
approving an alert setpoint.

(d)  Whenever this monitor is satisfying the minimum channels
operable requirement ( per Control 3.3.3.8 ) the calculated
value for the alert setpoint shall be entered into the plant
computer prior to each containment purge via the main
vent.

)] The low setpoint for 1/2-RI-5415

(1) This alarm s integral to the main vent monitor, as purchased from
the supplier.

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

(3)  The low setpoint may be used to determine the OPERABILITY of
. gss%onitor (per Control 4.3.3.9, GHANNEL FUNCTIONAL

(4)  The alarm generated by the low setpoint may be used to
terminate a release in the event 1/2-RI-5415 fails (i.e., downscale
fallure or circult fallure) In accordance with Contro! 4.3.3.9.

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

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

4. Westinghouse Plant Vent Stack Monltor (2-RE-5415)

a) Al information related to 1-RE-5416 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 "WRNGM"] has the capabilty of providing the
measurement and atarm functions of 2-RE-5415 during timas
when 2-RE-5415 Is declared inoperable.

{2) 2-RE-5415 provides redundant monitoring [for 2-RE-5416] at ths
jow end of the concentration ranges (UFSAR 11.2.3.2.12).

5. Gaseous Radwaste Processing System Radtation Monitor (0-RE-2181)
a) General description
(1) The GASEOUS RADWASTEI PROCESSING SYSTEM Radiation
Monitor (Waste Gas Decay Tank Radiafion Monitor) contains 1
radiation element.
(2) itis anoble gas detector. - )
(3)  Thedetectoris an in-line GM tubs (UFSAR, Table 11-10).
(4) The radiation element is designated 0-RE-2191.
(5)  The radiation indicators designated 0-RI-2191.
(6)  The units for tha radiation indicator are counts per minute.
)] The monitor was manufactured by Westinghouse.
b) Functions of 0-RE-2191
(1)  continuously measure the release rate of noble gases emanating

from the wasta gas decay tank discharge header (Control
4.11.2.1.2, Table 4.11-2)

" (2)  continuously indicata (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 raquirement)

(3) alarm (via 1-RI-2191) prior to exceeding the site-boundary, noble-

gas, total-body-dose-rate {imit of 500 mriyr (per Control
3.11.2.1.a)

(4) alarm (via 1-RI-2191) prior to exceeding the site-boundary, nobls-
gas, skin-dose-rate limit of 3000 mr/yr {per Control 3.11.2.1.3)

) OPERABILITY of 0-RE-2191

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

(2)  For mora Information on the function(s) of this monitor, see
*Functions of 0-RE-2191" elsewhere In this section of the ODCM.
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Monitors equivalent to 0-RE-2191

(1)

@

3)

@)

)

(6)

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, Contro! 3.3.3.9
defines the plant vent stack monitor as a "BACKUP MONITOR."

0-RE-2161 Is designated the PRIMARY MONITOR for measuring
noble gas activity released via the GASEOUS RADWASTE
PROCESSING SYSTEM.

1-RE-5415 (or 1-RE-5416) Is deslgnated the BACKUP MONITOR
if the WGDT s discharged via the Unit 1 main vent.

2-RE-5415 (or 2-RE-5416) is deslgnated the BACKUP MONITOR
if the WGDT s discharged via the Unit 2 main vent.

WGDTs may be discharged through elther the Uniit 1 or Unit 2
main vent stack.

The BACKUP MONITOR has the capabiliity 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 SITE BOUNDARY (Control
3.3.3.9).

In the event PRIMARY MONITOR (0-RE-2191) Is inoperable or
otherwise unavallable, the designated BACKUP MONITOR (either
1-RE-5415, 1-RE-5416, 2-RE-5415, or 2-RE-5416) may fulfill the
measuring, indicating, and alarmlng functions normally provided
by the PRIMARY MONITOR &s long as plant operators record the
BACKUP MONITOR readings every 15 minutes (Contral 3.3.3.8,
Table 3.3-12, ACTION 35a).

Radiological effluent controls for 0-RE-2191

M

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) .O0-RE-2191 is operable AND the alarm setpoint for 0-RI-
2191 Is set fo ensure the annuzl dose rates due to noble
gases at the SITE BOUNDARY are less than 600 me/fyr to
the total body and are less than 3000 mrfyr 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 sefpoint for the "BACKUP MONITOR" is set to
ensure the annual dose rates due to noble gases at the
SITE BOUNDARY are less than 500 mrfyr to the tota!
gﬂqu 2anr.:d ?re less than 3000 mrfyr to the skin (per Control

a), or
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All three activities described below are completed prior to
the release:

)} at least two independent samples of the wasta gas
decay tank's contents are analyzed, and

i) . atleast two technically qualified members of the
Facllity Staff independently verify the release rate
caleulations, and

iil) two qualified operators verify the discharge valve
lineup.

Surveillances for 0-RE-2191

(1)  Control 4.3.3.9 requires demonstrating the OPERABILITY of 0-
RE-2191 by satisfying the checks, calibrations, and tasts listed

below
(@) CHANNEL CHECK prior to each releasa
(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
Setpoints for 0-RI1-2191
1) Requirements and commitments
(@) The alarm and fixed setpoints ... shall be determined and
adjusted In accordance with the methodology and
paramsters of the ODCM. (Contrel 3.3.3.9)
(b)  The methed for calculating fixed or adjustable setpoints

shall be provided in the ODCM. (NUREG-0133, 5.1.1)

(2)  There ars three radlation alarm setpoints associated with, or
otherwise related to, 0-RE-2191.

(a)

)

(c)

"0-RE-2191 fixed high radiation alarm and automatic

termination setpoint

0-RE-2191 adjustable plant computer high radiatlcn alarm
and manual termination setpoint

0-RE-2191 fow radiation alarm satpoint

3) In order to simplify the setpoint terminoclogy, eliminate ambiguity,
and minimize tha possibllity of misinterpretation, the ODCM will
refer to these setpoints as follows
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(8) The 0-RE-2191 fixed high radiation alarm and automatic
termination setpoint will be referred to &s the fixed
setpoint.

(b)  The 0-RE-2191 adjustable plant computer high radiation
alarm and manual termination setpoint will be referred to
as the adjustable setpoint.

{c) The 0-RE-2191 low radiation alarm setpoint will be
referred fo as the low setpoint.

(4)  Each of these alarm setpoints are described below.
h) Fixed setpoint for 0-RI-2191
(1) General Information

(@)  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 exoeeded.' an alarm will be
generated, and the WGDT release will be automatically
suspended. ‘ .

(d)  The fixed setpoint corresponds fo the maximum
concentration of radionuclides allowed (by equation 6G) In
gaseous waste discharged from the gaseous radwaste
processing system.

(e)  The current value for the fixed setpoint is specified in the
CCNPP Alam Manual

({)] The CCNPP Alarm Manual refers to this setpoint as the 0-
Ri-2191 High Radiation Alarm Setpoint.

(9) The fixed sstpoint Is integral to the waste gas dzscharge
monitor, as purchased from the supplier.

(h)  The fixed setpoint is adminlstratlvely controlied by EN-1-
100.

(i) The fixed setpoint shall be calculated as described below'.
(2) Calculating the fixed setpoint for 0-RI-2191

(2)  The fixed setpoint for 0-RI-2191 (waste gas discharge
. monitor} shall be calculated as described below:

FIXED SETPOINT FOR 0-RI-2191

! The alarm and trip setpoints ... shall be determined and adjusted In accordance with the

methodology end parameters of the ODCM. (Control 3.3.3.9),
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S - £ Ka {{1/[(xQ)(Fu)1}Z[(2)(Aw)]1+Bkg} Eqg.66’
Where, '
K¢~ = aconstant, actually a safety factor, which s the ratio of the CCNPP activity Iimit to

the MPC limit, Ly,pc, used in equation 2G (unitless)

The safety factor chosen shall be less than or equal to 1.00. This snsures the fixed
setpoint is always less than or equal to the MPC limit, L,)o¢, Used in equation 2G.

A safety faqtor of 1.00 Is used for calculating the fixed sefpoint.
By setting the safety factor to 1, the safety factor Is disablgd.

Aithough 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 (ses
definition of Lype). - '

A safety factor of 1.00 will yield a fixed setpoint which corresponds to the MPC limit,
Lyec, In equation 2G. '

A safety factor of 0.500 will yield a fixed setpoint which corresponds to one-half the
MPC limit, Lypc, 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 dees provide plant personnel with adequats time to
respond to changing plant conditions and to initiate corrective ACTIONs so as to
mlniméze ngl;a possibility of viclating either the 10 CFR 50.72 limit or the Control
3.3.3.9 limits. .

The use of a safety factor Is cansistent 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
reascnably achievabla. :

The usa of a “safety margin” Is In accordance with the provisions of NUREG-0133
which states that “... the alarm and trip satpoints ... should correspond to a value(s)
which represents a safe margin of assurance that the instantaneous gasecus
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 WGDT discharge
flow rates, errors In detector efficiencles, and other statistical aberrations from
adversely impacting the calculated fixed setpoint.

the fixed setpoint for 0-RI-2191 (cpm)
the highest calculated historical annual average relative ‘concentration for any area

ator b)eyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic
meter;

Equation 6G has been derived from NUREG-0133, 5.2.1 .'(the 500 mrfyr equation).
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A waste gas demy tank release via the Unit 4 or Unlit 2 maln vent is considered a
"long-term” release’, and as such, the highest historical annual average dispersion
factor, (x/Q), is used inthe setpoint calculations.

The highest ennual 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 & distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

the estimated maximum fiow rate of undiluted gases through the waste gas
discharge header (cubic meters per second)

Since WGDT pressure is the mofive farce for discharge of 8 WGDT, the waste gas

flow rate will continuelly decrease as the release progresses (i.e., &s tank pressure
Is decreased)

Use the estimated maximum WGDT discharge fiow rate, llsted on Attachment 7, to
calculate the fixed setpoint.

absolute detector efficienéy for huclide. 1 {cpm/microcuries per miliiliter)

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

the specific activities of radionuclide, I, found in TYPICAL GASEOUS RADWASTE
RELEASES (m!culated in acoordance with 10 CFR 20, Appendlx B, Table.ll, Note 1
as described below; microcuries per milliliter)

Caleulate Ay, in accordance with equaﬁon 5G.

SPECIFIC ACTIVITY LIMIT FOR NUCLIDE | IN A RADIONUCLIDE MIXTURE

A = (f){And) | Eq. 5G.

]

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 may be obialnéd using the guidance provided on Attachment 6.

the sum of the total specific activities of all noble gas radiobudides found in
TYPICAL GASEOUS RADWASTE RELEASES (microcuries/cms).

Caleulate Aq, In accordance with equation 2G.

SPECIFIC ACTIVITY OF NOBLE GASES AT THE SITE BOUNDARY

1

NUREG-0133, 3.3
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() (Ana) 3/ A < Lurc Eq. 26"

Where,
Lupc

Bkg

= the MPC limit

The value chosen for Ly In this equation is 2 The basls for this limit is 10 CFR
50.72.

It has been shown? that, for tha radionuclides present in TYPICAL GASEQUS
EFFtl;glENTS from CCNPP, the 2 MPC limit is more restrictive than the limits of
Control 3.3.3.8.

It should be noted that by using "2* as the MPC limit (10 CFR 50.72), instead of
using ﬂt:e;:(r_snlts of Control 3.11.2.1(a), a safety factor has been lnoorporated into
equation

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 ba necessary In establishing these setpoints to account for system variables, ...
the variabllity in release flow, ... and tha tima lag bstween alarm and final isolation of
radioactive effluents.” (NUREG-0133, 5.1.1)

An alarm setpoint corresponding to 2 MPCs serves to Initiate a determination of
whether the "4-hour NRC netification” (specified In 10 CFR 50.72) Is required.

the specific activity imit for radionuchde, 1, as obtained from 10 CFR 20, Appendix B,
Tabls 11, Column 1 (micmcuries/cm )

For all the radicnuclides found in TYPICAL RADWASTE EFFLUENTS, uss the
valus from 10 CFR 20, Appendix B, Table li, Column 1. An acceptable alternative Is
to ensura an isotopic mix which resutts In a more conservative setpoint.”

?n ap;proxlma’don of the detector background prior to im’datmg the gaseous release
cpm

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

Equation 2G has besn derived from 10 CFR 20, Appendix B, Tab'a 11, Note 1.
Addendum To Setpoint Calculations For WRGM Monitors 1-RIC-5415 and 2-RIC-5415, R.L.
Conatser, December 10, 1991.
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Documenting the fixed setpoint for 0-RI-2191

{a)

Whenever the fixed setpoint is calculated, the spebiﬁc
values chosen for each of the variables shall be
documented in accordance with EN-1-100.

Changing the fixed setpoint for 0-RI-2191

(@)

(b)

(c)

(d)

(e)

If the fixed setpoint calculated In accordance with equation
6G 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.

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

A setpoint change should be initiated whenever any of the
parameters Identified in equations 2G, §G, or 6G have
changed.

The fixed setpoint should not be changed uniess 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,

i) the historical maximum annual average
atmospheric dispersion factor has changed,

ifi) the MPC limit at the SITE BOUNDARY, (presently
2 MPCs) has changed,

v) values listed in 10 CFR 20, Table I, column 1 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 *Functions of 0-RE-2191" earlier in this
section),

EN-1-100 contalns the administrative controls associated
with changing and approving fixed setpolnt.

As determined in accordance with Attachment 6.
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i). Adjustable sefpoint for 0-RI-2191
' (1) General information

(a)

(b)

()

(d)

()

{9)

(h)

0

Whaenever this radiation monitor iz opsrabla, the
adjustable setpoint is calculated and adjusted prior to each
release of a WGDT.

The adjustable setpoint is based on the specific activities
of the radionuclides present in the WGDT. (The
radienuciide concentrations are determined by
radiochemical analysis in accordanca with applicable
CHEMISTRY SECTION-procedures as required by
Control 4.11.2.1.2).

Whenever the adjustabla setpoint Is exceeded, the WGDT
dischargs will be manually suspended.

Refer to the radwaste Alarm Manual for a full list of
operator ACTIONSs taken in response to this alarm.

The adjustable setpoint corresponds to the maximum
concentration of radionuclides anticipated or expected
when discharging a WGDT.

The valus for the adjustable setpoint is recorded on the
gaseous releass permit In accordance with appllcable
CHEMISTRY SECTION procedures.

This alarm is not integral to the GASEOUS RADWASTE
PROCESSING SYSTEM radiation monitor, as purchased
from the supplier.

This alarm Is generated by the plant computar which
monitors output from 0-R1-2191, and provides an alarm to
plant operators when the 0-RI-2191 adjustable setpoint
has been exceeded.

When this monitor is operable, a valus for the adjustable
setpoint shall be calculated prior to each release of a
WGDT as shown below.

(2) Calculating the adjustable setpoint for 0-RI-2191 _

C)

The adjustable setpoint is based on the specific activity of
the radionuclides in the undiluted gaseous waste (as
determined by radiochemical analysls per Control
4.11.2.1.2), and Is calculated as shown below.
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ADJUSTABLE SETPOINT FOR 0-RI-2191

S < 150 [Z (A ) (&) + Bkgl Eq. 28G*

Sgg = theadjustable setpoint for 0-RI-2181 (cpm)

. 150 =" a constant, actually a safety factor, which aliows for fluctuation in radiation monitor

response (unitless)

L1}

This safety factor helps ensure the release Is not unnecessarily terminated due to
{1) electronic anomalies which cause spurious monitor responses, (2) stafistical
fluctuations in disintegration rates, (3) statistical fluctuations in detector efficiencies,
(4)‘ grrors associated with sarnple analysis and (5) errors associated with monitor
calibrations.

maximum allowed undiluted radwaste flow rate (cuble mefers per second)

N
"

.The maximum aliowed und:luted radwaste flow rate for a WGDT Is tabulated In
Attachment 7.

>
"

spiecxfc)actrvity of radionuclide, i, In the undiluted waste stream (microcuries per
miliiliter’

€ = absolute detector efficiency for nuclide, | (cprn/micrdcuries 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 0-RI[-2191

(2)  Whenever the adjustable setpoint Is calculated, the
specific values chosen for each of the variables shall be
documented in accordance with approved CHEMISTRY
SECTION pracedures (e.g., CP-604).

{4) Changlng the adjustable setpoint for 0-RI-2191

(@) Inall cases, the adjustable sefpoint shall be set to a value
~ which Is less than or equal to the fixed setpoint.

(b) I 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.

; Equation 28G has been derived from NUREG-0133, Addendum, page AA-1.

The "analysis errors” and "calibration errors” refer to ervors which are within established quality
assurance and quality control limits.
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(¢) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and
approving an adjustable setpoint.

(d) Whenever this monitor Is operable, the calculated valus for
the adjustable setpoint shall be entered into the plant
computer prior to each release of a WGDT via the main
vent.

The low setpoint for 0-R[-2191

(1)  This alarm Is integral to the main vent monitor, as purchased fro
the supplier. ’

(2)  The current value for the low setpoint is spacified 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 ba used to
terminats a releasa In the event 0-RI-2191 fails (i.e., downscalg
failure or circuit fallure) in accordance with Control 4.3.3.9.

(5 The low setpoint calculations are not described in the CDCM.

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

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GASECUS EFFLUENTS
Introduction

1.

a)

10 CFR 20.1301 specifies dose rate limits assoclated with the release of
radicactive materials to UNRESTRICTED AREAS,

b) Radiological sffluent controls have been established to implement the
requirements of 10 CFR 20.1301. Tha 10 CFR 50 Appendix |, Design
Objectives for ALARA Radioactive Effluents, upon which these '
calculations are based, are mors restrictive than the public dose {imits of
10 CFR 20.1301. .

c) These radiological effluent controls ara described below.

Radiological Eiftuent Contrals

a) The annual total body dose rate, due {o noble gases In gaseous waste
discharged to UNRESTRICTED AREAS, shall be less than 500 mr/yr
(per Control 3.11.2.1).

b) Tha routine survelllances which ara performed to verify compliance with

this radiclogical effluent contro! Is described below.

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 survelliances
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 oonféined in the following section.

5. Initiating Conditions

a)

b)

c)

d)

e)

g)

The annual total body dose rate due to noble gases in gaseous effluents
Is calculated for each release of a WGDT.

The annual total body dose rate due to noble gases In gaseous effiuents
Is calculated for each vent of a containment bullding.

The annual fotal body dose rate due to noble gases in gaseous effluents
is calculated for each PURGE of & containment buildlng

The annual total body dose rate due to noble gases in gaseous effiuents
is calculated at least weekly' for CONTINUOUS discharges from plant
vent stacks.

The annual total body dose rate due to noble gases in gaseous effluents
is calculated for each discharge of combustion products resulting from
the buming of contaminated oll.

The annual total body dose rate due to noble gases in gaseous efiluents
Is caleulated for each ABNORMAL AND/OR UNANTICIPATED .
RADIOACTIVE GAS RELEASE.

Whenever the correct Inltiating conditions are hresent, the annual tota!
body dose rates shall be calculated as described below.

6. Calculation Methodology

The frequency Is controlled by the implementing procedure, and s based on plant conditions.

Under no conditions shall the frequency be less than once per month (Control 4.11.2.4.1 or
4.11.2.1.2, Teble 4.11-2).
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a) The annual fotal body dose rate, at the SITE BOUNDARY, due to noble
gases in gaseous effluents refezased to UNRESTRICTED AREAS shall be
calculated in accordance with equation 7G.!

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN ALL GAS RELEASES

Do = . XDy Eq.7G
D, = the site-boundary annual total body dose rats due to noble gases in all gaseous
effluents discharged (simultaneously) from tha site (mremfyaar)
Dy = the site-boundary annual total body dass rate due to noble gases in releass, r
(mrem/year)

Sum for all releases, r, which are discharged simultaneously.

An exampla of a SIMULTANEOUS RELEASE would include the release of noble
gas radionuclides from 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 includs the release of noble
gas radionuclides from the Unit 1 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 D, (i.e., annual total body
doss rate at the SITE BOUNDARY due to nobls gases contained In a
gaseous radwasta release, r, discharged from the site).

(1)  The rigorous method shall ba used IF a computer system and the
appropriate software ara avallable.

(2)  The simplified method may be used IF a computer system and the
appropriate software aré NOT avallable.

(3) These methods, as well as additional supporting information, ars
presented In the following sections.

c) Rigorous method

(1)  Solution of the following equation may prova too rigorous for
routine use unless a computer system and appropriate software
are avallable.

(2) If a computer system and the appropriate software are avallable,
the annual total body dose rate due to noble gases in gaseous

Thas alarm and trip sefpoints ... shall ba determined 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 fo UNRESTRICTED AREAS
shall be calculated in acoordanpe with equation 8G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(RIGOROUS METHOD)

D, = (xQ) E(K)(Qr)] Eq. 8G"

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)

Al releases are considered "long-term™ releases?, and as such, the highest historical
annua)l average dispersion factor, (x/Q), is used in the dose rate calculations.

The highest annual average dlspersion factor (/Q) Is 2.2E-6 (UFSAR, 2.3.6.3) for
purposes of routine, long-term concentrations (e.g., routine noble gas re!eases)
(UFSAR, 2.3.6.3)

The maximum annual average on-shore concentrations accur 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, | (mrem/yr per microcurie/cublc meter)

I
"

The total-body dose factors for gamma rays from noble gas radionuclides were
obtained from Regulatory Guide 1.109, Appendix B, Table B-1. -

The tota!-body dose factors for various noble gas radionuclides are tabulatéd in
Attachment 10.

Q; = therelease rate of noble gas radlonucltde, i, 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-0133, §.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 | IN GASEOUS RELEASE r

Q = (Alr)(Fr)‘c') ' Eq.9G

Whers,
A, = the spedific actiwty of noble gas mdlonucllde I, in (slmultaneous) release, r
(microcuries/cubic centlmeter)

N
i

the discharge flow rate for- (s:multaneous) release, r (cubic meters per second)

If tha discharge flow rats is unknown (e.9., the release has not been conducted), the
"Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be used to
caleulate the annual total body dose rate.

Whenever possible, tha actual discharge fiow rate determinad from actual release
conditions (e.g., Initial pressurs, volums, and temperature of a WGDT along with
final pressure and temperature) shall be used in equation 9G,

Additional guidanca for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION procadures. -

c = a conversion constant (1E6 cubic centimeters per cuble rneter)

d) Simplified method

{1 ifa computer system and the appropriata software are NOT
available, the annual total body dosa rats dus to noble gases in
gaseous ‘effluents discharged from the site to UNRESTRICTED
AREAS may be calculatad in accordances with equation 10G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(SIMPLIFIED METHOD)

Dy = [(XQ)(Keg)/(Ku)IZOQ: Eq. 10G°

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 refeases ara considared *long-term" releases?, and as such, the highest historical
annual average dispersion factor, (/Q), Is used in the dose rate calculations.

The highast 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)

Equations 10G has been derived from NUREG-0133, 5.2.1, and historical, slte-specuﬁc data.
NUREG-0133, 3.3
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The maximum annual average on~shore concentrations occur in the southeast
seclor 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

emisslons from TYPICAL GASEOUS EFFLUENTS (mrem/yr per microcurie/cubic
meter)

A shte-specific, average, gamma total body dose factor for TYPICAL GASEOUS
EFFLUENTS has been calculated from historical data.

The calculation of this site-speclfic, 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 denved
slte specific, average gamma total body dose factor.

Kg = @& constant, actually a safety factor, which is the ratio of the CCNPP annual total
. ?od[y dosse rate limit to the annual tota! body dose rate limit of Control 3.11.2.1,
unitless

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 Contro! 3.11.2.1.

- A safety factor of 1.00 will yleld an annual total body dose rate which comresponds 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 s recommended that a safety factor of 1 .0 be used for calculating the annual total
body dose rate, however, other values—not fo exceed 1.00-may be used as directed
by the General Supervisor Chermnistry.

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 adminlstrative control Is designed to minimize the possibllity 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 fo 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 10G to account for any potential
nonconservatism associated with applying the empirically derived total body gamma
dosa factor, K., to all radionuciides identified in the gaseous release. Such
nonconservatism could concelvable be present whenaver radionuclides having a
total body gamma dose factor greater than K., are present in a gaseous release.

Q, = therelease rate of noble gas radionuclide, 1, In (simultaneous) gassous release, r
: ' (microcuries/second)

Calculate the values of Q, for each SIMULTANEOUS RELEASE In accordance with
equation 9G. :

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE | IN GASEOUS RELEASE ¢

& = (A)(FI(e) ' Eq. 96

Ay = the specific activity of nobla gas radicnuclids, J, In (simultaneous) release, r
(microcurles/cubic centimeter)

s
]

the discharga flow rate for (simultaneous) releass, r (cubic meters per second)

If tha discharge flow rats Is unknown (8.9., the releasé has not been conducted), the
*Maximum Discharge Flow Rats" 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 releass
conditlons (e.g.. initial pressurs, volume, and temperature of a WGDT along with
final pressura and temperatura) shall be used in equation 9G. :

Additional guidancae for calculaﬁrig discharge ﬂﬁw rates may be contained in
approved CHEMISTRY SECTION procedures. - '

c = a conversion constant (1E8 cublc centimeters per cuble 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 dus to
noble gases emanating from the plant vent stacks.

(2) The values displayed by the plant vent stack radfation monitoring
systems are not used for the purpose of effluent accountability per
sa, but the valuss displayed can provide a gross approximation of
annual total body dose rate (see Control 3.3.3.9).

(3)  The Westinghousa Main Vent Noble Gas Monitor, 1/2-RE-5415, is
: an analog system and does not employ instrument algorithm to
detormine noble gas release rates.
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(a) Itis possible to approximate the noble gas release rates
for the Unit 1 and Unit 2 main vents based on cutput from -
1/2-R1-5415. .

(b) These calculations are described elsewhere in the ODCM.-
(See equation 4G in the section "Calculating the Fixed
Setpoint for 1/2-R1-5416.")

(4) The Sorrento WRNGM, 1/2-RE-5416, is a digital radiation
monttoring system which employs an Instrument algorithmto
determine noble release rates (microcuries per second).

(a) ltis possible to approximate the noble gas release rates
for the Unit 1 and Unit 2 main vents based on output from
1/2-RIC-5415.

()  These calculations are described elsewhere in the ODCM.
(See equation 1G in the section "Calculating the Fixed
High-High Alarmn Setpoint for 1/2-RIC-64167)

(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 o
are compared to the applicable fimits and corrective ACTIONs are '
initiated as described below.

7. Corrective actions

a) CHEMISTRY SECTION survelllance procedures shall contain/and or
reference administrative and/or Control imits for annual tota! body dose
rates for gaseous effluents and shall specify corrective actions to be
initiated when these limits are exceeded.

b)  Refer o 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
effiuents exceeds 500 mrfyr.
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ANNUAL SKIN BOSE RATE DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1. Introduction
a) 10 CFR 20.1301 specifies dosa 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 radiologlcal effluent controls are described below.

2, Radiological Effluent Controls

a)

b)

The annual skin dose rats, dua to noble gases in gaseous wasts
discharged to UNRESTRICTED AREAS, shall ba less than 3000 mriyr
(per Control 3,11.2.1).

The routine surveillances which are performed to verify compliance with
this radiologlcal effluent controls are described balow.

3. Surveillance Requirement

. a)

b)

c)

The annual skin dosa rats at the SITE BOUNDARY, due to noble gases-
In all gaseous effluents discharged from thae site, shall be determined’In
accordance with equation 11G (per Control 4.11.2.1.1).

The results of the radloactive gaseous waste sampling and analysis
program (required by Control 4.11.2.1.2, and implemented by various
CCNPP CHEMISTRY SECTION procedures) ars used to calculate the
annual skin dose rate dua to nobla gases in gaseous effluents.

The plant group(s) i'esponsib!e for performing the required surveillances
are identified below.

4. Responsible Plant Organization{s)

a)
b)

c)

The 'CHEM'ISTRY SECTION is responsibls for calculating the annual skin
dose rate due to noble gases in gaseous effluents.

The CCNPP CHEMISTRY SECTION calculates the annual skin doss rafe
whenever the appropriate inifiating conditions ara present.

Thess Initlating conditions are contained In the following section.

5. Initiating Conditions

a)

b)

The annual skin dose rate dus to nobls gases in all gaseous sffluents

_ discharged from tha site is calculated for each release of a WGDT.

Tha annual skin dose rate dus to noble gases in all gaseous effluents
glg.i%\.arged from the site Is calculated for each vant of a containment
ilding. ’
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c) The annual skin dose rate due to noble gases in all gaseous effluents
glsiccli'larged from the site Is calculated for each PURGE of a containment
uilding

d) The annual skin dose rate due to noble gases in all gaseous efiluents
discharged from the site Is calculated at least weekly' for CONTINUQUS
discharges from plant vent stacks.

e) The annual skin dose rate due to noble gases in &ll gaseous effluents
discharged from the slte Is calculated for each discharge of combustion
products resulting from the burning of contaminated oil.

1)) 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 rete, at the SITE BOUNDARY, due to noble gases
in ell 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

Do = P Eq. 116G
Dy, = the annual skin dose rate at the SITE BOUNDARY due to noble gases In all
simultaneous discharges of gaseous radwaste from the site ("Unit 0")
D, = the annual skin dose rate at the SITE BOUNDARY due to noble gases in release, r

Sum for all releases, r, which are discharged simuttaneously.

An example of a SIMULTANEOUS RELEASE would include the release of noble
gas radionuclides from 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 1 plant vent stack while also discharg!ng awaste
gas decay tank.

The frequency is contralled by the implementing procedureand ks based on plant conditions.
Under no conditions shall the frequency be less than once per month (Contro! 4.11.2.14.1 or
4.11.2.1.2, Table 4.11-2).

- The alarm end trip sefpolnts ... shall be determined and adjusted In accordance with the
methodology and parameters of the ODCM. (Control 3.3.3.9).
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Calculats the values of D, for each SIMULTANEOUS RELEASE as shown bslow.

b) At CCNPP two methods exist for calculating Dy, (i.e., annual total skin
dose rate at tha SITE BOUNDARY due fo noble gases contained in a
gaseous radwasta releass, r, discharged from the site).

(1)  The rigorous method shall ba used IF a computer system and the
appropriate softwars are available.

(2)  Tha simplified method may ba 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.

¢)  Rigorous Method

) Solution of tha following equation may provs too rigorous for
routine use unless a computer system and appropriate soﬂware
are available.

(2) . if acomputer system and the appropriate software are available,
the annual skin dosa rate due to noble gases in gaseous releass,
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)

D, =  (XQ)E{[L+(11)(M)1(Q)} Ex. 126"

Whers,
x/Q = the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-6 seconds per cublc meter)

Al releases are considered "long-term” releases?, and as such, the highest historical -
annual average dispersion factor, (x/Q), Is used In‘the doss rate calculations.

The highest annual average dlspérslon factor (/Q) Is 2.2E-8 (UFSAR, 2.3.6.3) for
purposes of routine, fong-term concantrations (e.g., routme noble gas releases)
(UFSAR, 2.3.8.3)

The maximum annual average on-shors concentrafions occur in the southeast
sector at a distanca of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.8.3)

Equation 12G has baeen derived from NUREG-0133, 5.2.1, and Regulatory Guide 1.103 (Appendix .-
B, Equation B-8 and Section C.2.).
2 NUREG-0133,3.3
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1.1

-

the skin dose factor due to beta emissions for each identified noble gas radionuclide,
i (mrem/yr per microcurie/cubic meter) ' .

The beta skin dose factors have been obtalned 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.

the alr dose factor due to gamma emissions for each identified noble gas
radionudlide, | (mrad/yr per microcurie/cublc meter)

The gamma &ir 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. .

The conversion constant, 1.1 mrem/mrad, represents the skin dose (1.1 mrem)
equivalent to alr dose (1.0 mrad), and Is used to convert air dose to skin dose.

the release rate of noble gas radionuclide, i, in (simultaneous) release, r
{microcuries/second).

This value shall be calculated In accordance with equation 8G.

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE | IN GASEOUS RELEASE r

Q = (Ac)(Fe) (<) Eq.96

Ay

c'

the specific activity of hoble éas radionuclide, I, in (simultaneous) release, r
(microcuries/cubic centimeter) -

the discharge flow rate for (simultaneous) release, ,} {cublc 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 end temperature) shall be used in equation 9G.

Additiona!l guidance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures.

a conversion constant (1E6 cublc centimeters per.cublc meter)

d) Simplified method
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(1)  If a computer system and the appropriate software are NOT

' . avalleble, the annual skin dose rate dus to noble gases in
gaseous effluents discharged from the site to UNRESTRICTED
AREAS may ba calculated In accordancs with equation 13G.

ANNUAL )SKIN DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r (SIMPLIFIED
METHOD

Dy - = [{xQ) 1 {Kat) 1 Loy #(1.1) { Mg ) 12 @y Eq, 136"

Where, .
x/Q = the highest calculated annual average relative concentration for any area at or
"~ beyond the UNRESTRICTED AREA boundary (2.2E-8 seconds per cubic meter)

All releases ars considered “long-term” releases?, and as such, ths highest historical
annual average dispersion factor. {x/Q), Is used in the dose rate calculations.

The highest annual averags dispersion factor (</Q) is 2.2E-8 (UFSAR, 2.3.6.3) for
purposes of routine, fong-term concentrations (e.g., routlne nobla gas releases)
(UFSAR, 2.3.6.3)

The maximum annual avérage on-shore concentrations occur in the southeast
sactor at a distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

Kst = a constant, actuaily 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. .This 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 dosa rate which corresponds to the
annual skin dosa rata limit of Control 3.11.2.1.

A safety factor of 0.500 \&ill yleld an annual skin dose rate which corresponds to one-
half the annual skin dose rata 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, howaver, other values—not to exceed 1.00--may be used as directed by
the General Supervisor Chemistry.

Equaﬂon 13G has been derived from NUREG-0133, 5.2.1, and Regulatory Guide 1.109 (Appendix
B, Equation B-9 and Section C.2.).
2 NUREG-0133, 3.3
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The particular value selected for the safety factor Is somewhat arbltrary, however a
safety factar does provide plant personne! 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 effiuents to UNREST RICTED AREAS, aslowas s
reasonably achlevable.

This safety factor has been included In equation 13G fo account for any potential
nonconservatism associated with applying the empirically derived skin beta dose
factor, Ly, to all radionucides 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.

the empirically derived, site specific, average, skin dose factor due to beta emissions
from TYPICAL GASEOUS EFFLUENTS (mrem/yr per microcurie/cublc meter)

A site-specific, average, beta skin dose factor for TYPICAL GASEOUS EFFLUENTS
has been calculated from historical data.

The calculation of this snte-spectf‘ C, 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.

the empirically derived, site specific, average, air dose factor due to gamma
emlssn)ons from TYPICAL GASEOUS EFFLUENTS (mrad/yr per microcurie/cubic
meter

A site-speclific, average, gamma air dose factor for TYPICAL GASEOUS
EFFLUENTS has been calculated from historical data.

The caleulation of this site-specific, average, gamma alr 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 alr dose factor.

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 alr dose to skin dose.

the release rate of noble gas radionuciide, i, In (simultaneous) release, r
{microcuries/second)

This value shall be calculated in accordance with equation 8G.
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INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE | IN GASEOUS RELEASE r .

& = (A,.)(F,)(c') ' Eq.96

&
0

the spedific activity of noble gas radicnuclide, i, in (simultaneous) release, r
(mlcrocurieslcubic centimeter)

the discharge flow rate for (simultaneous) release, r (cublc meters per second)

If tha discharge flow rate is unknown (8.g., tha 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-rata.

Whenever possibla, the actual discharge flow rata determined from actual release
conditions (e.g., initial pressure, volume, and temperatura of a WGDT along with
final pressure and temperatura) shall be used in equation 9G.

Additional guidance for calculating discharge flow rates may be contained In
approved CHEMISTRY SECTION precedures.

a conversion constant (1E8 cublec centimeters per cubic meter)

a) Radiation monitoring system algorithms_- .

(1)  The plant vent stack radiation monitoring systems display values
which are proportional to the annual skin dose rate dus to noble
gases emanating from the plant vent stacks.

(2) The values displayed by tha plant vent stack radlation monitoting
systems are not used for the purpose of effluent accountability per
s8, but the values displayed can provide a gross approximation of
annual skin dosa rate (see Control 3.3.3.9).

(3) The Westinghouse Main Vent Stack Noble Gas Monitor, 1/2-RE-
: 5415, Is an analog system and dees not employ Instrument
algorithm to determine nobls release rates.

(a) Itis possible to approximata the noble gas release rates
. fc;; th? g:it 4 and Unit 2 maln vents based on output from
1/2-RI-5415. )

(b)  Thess calculations are described elsewhers in the ODCM.
(Sea equation 4G in the section "Calculatlng the Fixed
Setpoint for 1/2-R1-5415.")

(4)  The Sorrento WRNGM, 1/2-RE-5418, Is a digital radiation
monitoring system which employs an Instrument algorithm to
determina noble release rates {microcuries per second).
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(a) Itis possible to approximate the noble gas release rates
for the Unit 1 and Unit 2 main vents based on output from
1/2-RIC-5415.

{(b) These calculations are described elsewhere in the ODCM.
(See equation 1G In the section “"Calculating the Fixed
High-High Alarm Setpoint for 1/2-RIC-5415.")

(5) Theinstrument algorithms and the (data base) values accessed
by the instrument algorithms are controlied by EN-1-100.

Once the calculations above have been completed, the calculation results
are compared to the gpplicable limits and corrective ACTIONS are .
initiated as described below.

Corrective gctions

a)

b)

 CHEMISTRY SECTION surveiliance procedures shall contaln/and or

reference edministrative 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. )

Refer to Control 3.11.2.1 for actions to be taken in the event the
calculated annual skin dose rate exceeds 3000 mrlyr

‘ANNUAL ORGAN DOSE RATES DUE TO IODINES AND PARTICULATES IN GASEOUS

EFFLUENTS
1. Introduction
.8) 10 CFR 20.1301 specifies dose rate limits associated with the re!ease of
radloactlve 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 Efiluents, upon which these
calcutations 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 annuat organ dose rates, due to lodines and particulates in gaseous
waste discharged to UNRESTRICTED AREAS, shall be less than 1500
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.
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3. Survelllance Requirements

a) The CHEMISTRY SECTION's sampling and analysis procedura(s) shall
describe the CCNPP radioactive gaseous waste sampling and analysis
program (required by Control 4.11.2.1.2).

b) The resuits of the radicactiva gaseous wasts sampling and analysis
program ars used to calculata the annual organ dose rates due to lodines
and particulates in gaseous effluents.

c) The plant group(s) responsible for perfom'ling the required surveillances

ars identified below.

4, Responsible Plant Organization(s)

a)
)

c)

The CHEMISTRY SECTION is responsible for calculating the annual
organ dose rates dus to lodines and particulates in gaseous effluents.

The CHEMISTRY SECTION calculates the annual organ dose rates
whenever the appropriate initlating conditions are present.

Thesa Initiating conditions are contained in tha following section.

5. Initiating Conditions

a)

b)

d)

The annual organ dosa rate—for each organ and at ths SITE
BOUNDARY--dus to Iodsnes and parficulates in gaseous sffluents Is
calculated at least weekly' for CONTINUOUS discharges from plant vent
stacks.

The annual organ dose rate—for each organ and at the SITE
BOUNDARY-dua to lodines and particulates in gaseous effluents is
calculated for each discharge of combustion products resulting from the
bumning of contaminated oil.

The annual organ dose rate—for each organ and at the SITE
BOUNDARY-dus to iodines and particulates In gaseous effluents is
calculated for each ABNORMAL AND/OR UNANTICIPATED
RADIOACTIVE GAS RELEASE?,

Whenever the correct Initiating conditions are present, the annual organ
dose rates shall be calculated as described below.

The frequency is controlled by the implemeanting prooedure and Is based on plant conditions.

Under no conditions shall the frequency ba less than once per month (Control 4.11.2.4.4 or
4.44.2.1.2, Table 4.11-2).

2 Sea tha definition of ABNORMAL/UNANTICIPATED GAS RELEASE In the DEFINITIONS section

of the ODCM.
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6.

Caleulation Methodology

a) The annual organ dose rate, at the SITE BOUNDARY, due to lodine and
particulate radionuclides In gaseous effiluents released to
UNRESTR]CTED AREAS shalt be calculated in accordance with
equation 14G."

ANNUAL ORGAN. 0, DOSE RATE DUE TO IODINES AND PARTICULATES IN ALL
SIMULTANEOUS GASEOUS RELEASES, r FROM THE SITE, 0

Dw = XD, ° | Eq. 146G

]

the site-boundary annual organ dose rate due fo lodine and particulate radionuclides
in all gaseous effluents discharged simultaneously from the site ("Unit 0")

the site-boundary annua! organ dose rate due to lodine and parnculate radionuclides
in release, r

Sum for all releases, r, which are discharged simultaneously.

An example of a SIMULTANEOUS RELEASE would include the release of iodines
and particulate radionuclides from the Unit 1 plant vent stack while also discharging
iodines and particulate radionuclides from the Unit 2 plant vent stack..

An example of a SIMULTANEOUS RELEASE would include the release of lodine
and particulate radionuclides from the Unit 1 plant vent stack while also discharging
a waste gas decay tank.

Calculate the values of D, for each SIMULTANEOUS RELEASE as shown belaw.

b) At CCNPP, two methods exist for calculating D, {l.e., the annual organ
dose rates due to lodine and particulate radionuclides in gaseous
effluents released to UNRESTRICTED AREAS).

1) The rigorous method shell be used IF a computer system and the
appropriate software are avallable.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT avalilable.

(3) -These methods, as well as additional supporting Information, are
presented in the following sections. -

The elarm &nd fixed setpoints ... shall be determined end adjusted In accordance with the

methodology end 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
roufine use unless a computer system and appropriate software
are available.

{2) If a computet system and the appropriate software are available, -
the annual organ dosae rates dus to {odines and particufates in
gaseous effluents released to an UNRESTRICTED AREA shall be
caleulated in accordance with squation 15G.

ANNUAL ORGAN, o, DOSE RATE DUE TO IODINES AND PARTICULATES IN GASEOUS
RELEASE, r (RIGOROUS METHOD)

D, = (WQ)Z (P ){ Q) Eg. 150"

Where, -
x/Q = the highest calculated annual average relativa concentration for any area at or
beyond tha UNRESTRICTED AREA boundary (2.2E-6 seconds per cublc meter)

All releases are considered "long-term* releases?, and as such, the highest historical
annual average dispersion factor, (x/Q), Is used in the dose rats calculations.

The highest annual average dlspersion factor (x/Q) Is 2.2E-6 (UFSAR, 2.3.8.3) for
‘ purposes of routing, 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, 2.3.8.3). :

-
]

the maximum organ inhalation pathway dese parameter for iodina and parficulate
radionuciides, 1, for the most restrictive (I.e., child) age group (mrem/year per
microcurie/cublc meter)

The Inhalation pathway dose parameters have been obtained In accordance with
NUREG-0133, 5.2.1.1,

Tha pathway dosa factor specified in NUREG-0133, 5.2.1.b, spacifies calculating the
exposure to the "INFANT" age group, whera the exposure is dus to a combination of
three separate pathways.

1) inhalation,

2) ground plans, and

3) focd.

Equation 153 has been derived from NUREG-0133, 52.1.
I NUREG-0133, 3.3




Offsite Dose Calculation Manual Page 171 of 325

Revision 6

The latest NRC guidanoe 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.

Th"ec:altgit NRC guidance has changed the critical receptor age group from "infant"

The child, inhalation pathway dose parameters for various rad:onucl:des 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 §.2.1.1 and the latest NRC guidance are
numerically equal to the "Inhalation Pathway Factors,” K;, calculated in accordance
with NUREG-0133, section 5.3.1.1. As a result the ODCM does not contain two
separate tables for values of P and K.

the release rate of lodine or parliculate raduonuchde i,in (slmultaneous) gaseous
release, r (microcuries/second). _

Calculate the values of Q; for each SIMULTANEOUS RELEASE In accordance with
equation 9G.

INSTEAA%EANEOUS RELEASE RATE OF IODINE OR PARTICULATE NUCLIDE | IN GASEOUS
REL| r

Q = (AMFMCE) : Eq. 56

Ay

the specific activity of lodine or particulate radionuclide, i, in (snmu!taneous) release,
r (microcuries/cubic centimeter) _

the discharge fiow rate for (simultaneous) release, r {cubic meters per second)

If the discharge fiow rate is unknown (e.g., the release has not been oonducted)' the
*Maximum Discharge Flow Rate” listed on Attachments 7 or 8 may be used to
calculats the annual organ dose rate.

Additiona! guidance for calculating discharge fiow rates may be contained in
approved CHEMISTRY SECTION procedures.

a conversion constant (1E6 cubic centimeters per cublc meter)

d)  simplified method

(1)  if a computer system and the appropriate software are NOT

‘ avallable, the annual organ dose rate due to lodines and
particulates In gaseous effluents discharged from the slte to
UNRESTRICTED AREAS may be caleulated in accordance with
equetion 16G.
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ANNUAL ORGAN o, DOSE RATE DUE TO IODINES AND PARTICULATES IN GASEOUS
RELEASE, r (SIMPLIFIED METHOD)

Do = (HKy)(XQ)(Prax) Z Oy Eq. 166"

Where,

"

a constant, actually a safety factor, which Is the ratio of the CCNPP organ dose rate
limit to the organ dose rata limit of Control 3.11.2.1, {unitless)

Tha safety factor chosen shall 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
3.11.21.

A safety factor of 1.00 will yleld an organ dose rate which corresponds to the organ
dosa rate limit of Controt 3.11.2.1.

A safety factor of 0.500 will yleld an organ dose which correspbhds to one-half the
organ dose rate limit of Control 3.11.2.1.

it is recommended that a safety factor of 1.0 be used for calcufating the organ doss
rate, howaver, other values—not to exceed 1.00—-may be used as directed by the
General Supervisor Chemistry.

The particular valus selected for the safety factor is somewhat arbitrary, however a
safety factor does provide ptant personnel with a degrea of administrative controt
over the use of simplified equations for generating radioactiva 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 tha ALARA phi!osophy that ficensees
should maka evary raasonable effort to maintain radiation exposures, and releases
of radioactive materials in effluents to UNRESTRICTED AREAS, as low as is
reasonably achievabls.

This safety factor has been included in equation 166 to account for any potential
nonconservatism asscciated with applying tha dose parameter, Py, to all
radionuclides Identifled in the gaseous release. Such nonconservatsm could
conceivable ba present whenever radlonuclides having a dose parameter greater.
than P, are present in a gaseous release.

the highest calculated annual average relative concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-8 seconds per cublc meter)

All releases ara considered "long-term” releases?, and as such, the highest historical
annual averaga dispersion facter, (/Q), Is used In the dosa rate calculatlons

The highest annual average dispersion factor (x/Q) i3 2.2E-6 (UFSAR, 2.3.6 3) for
purpeses of routine, long-term concentrations (e.g., routine noble gas releases)
(UFSAR, 2.3.6.3).

Equation 16G has been derived from NUREG-0133, 5.2.1.
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 noblé gas releases) (UFSAR, 2.3.6.3).

the most restrictive dose parameter which would be reasonably anticipated for the
inhalation pathway, child age group, thyrold organ, and I-131 radionuclide
(mrem/year per microcurie/cubic 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, 56.2.1.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.

_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, P, (listed in Attachment 12) calculated

in accordance with NUREG-0133, section 5.2.1.1 and the latest NRC guldance are
numerically equal to the "Inhalation Pathway Factors,” K;, calculated in accordance
with NUREG-0133, section 5.3.1.1. As a result the ODCM does not contain two
separate tables for values of P, and K;.

the release rate of iodine or particulate radionuclide, i, in (simultaneous) gaseous”
release, r (microcuries/second). ‘

Calculate the values of Q, for each SIMULTANEOUS RELEASE in accordance with
equation 9G.
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' g\lST AN'I'E ANEOUS RELEASE RATE OF IODINE OR PARTICULATE NUCLIDE i IN GASEOUS
ELEASE r

Q = (Ae)(F)(c) . Eg. 96

the specific activity of iodine or particulate radionuclide, i, in (slnﬁultaneous) release,
r (microcuries/cubic centimeter)

&

F, = the discharge flow rate for (simultaneous) release, r (cubic meters per second)

If the discharge flow rate is unknown (8.g., the release has not been conductad), the
"Maximum Discharge Flow Rata" listed on Attachments 7 or 8 may be used to
calculats the annual organ doss rate.

Additional guidance for caleulating discharge flow rates may be contalned in
approved CHEMISTRY SECTION procedures.

1
it

a conversion constant (1E8 cubic centimeters per cubic meter)

8) Once the calculations above hava been completed, ths calculation results
are compared to the applicable limits and coirective actions are initlated
as described below.

7. Corrective actions
a) CHEMISTRY SECTION surveillancs procedures shall containfand/or
reference administrative and/or Controt limits for annual organ dose rates
for gaseous effluents and shall specify correcﬂve actions to be Initiated
when thess limits are axceeded.

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 EFFLUENTS
1. Introduction

a) Appendix | to 10 CFR 50 specifies cuniulatwe gamma air dose limits
associated with the release of radioactive materials to UNRESTR!CTED
AREAS.

b) Radiological effluent controls hava been established fo implement the
requirements of 10 CFR 50, Appendix I.

c) Thess radiological eifluent controls are described below,
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2, Radiological Effluent Controls

. a) The cumulative gamma air dose, due to noble gases In gaseous effiuents
" 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 survelllances which are performed to.verify compliance with
these radiological effiuent controls are described below.

3. Survelllance 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).

2002/£0

b) The plant group(s) responsible for performing the required surveillance(s)
are identified below. .

4. Responsible Plant Organlzations

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

8)  The cumulative gamma air doses due to noble gases in gaseous
iff'u‘.,(entg)shaﬂ be determined at least once per 31 days (Control |
.11.2.2).

b) The cumulative gamma alr 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 building.

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 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 4.11.2.1.1 or
‘ 4.11.2.1.2, Teble 4.11-2).

* 2002/€0
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f) -

)

h)

The cumulative gamma alr doses dus to noble gases in gaseous

- effluents shall be calculated for each discharge of combustion products

resulting from the burning of contaminated oil.

The cumulative gamma air doses due to nobla gases in gaseous
effluents shall be calculated for each ABNORMAL AND/OR'

'UNANTICIPATED RADIOACTIVE GAS RELEASE'.

Whenever the correct initiating conditions are present, the cumulative
gamma air doses shall be calculated as described below.

6. Calculation Methodology

a)

The cumulative gamima 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 shall be
calculated using the following equation®

1 The criteria used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found
in the implementing procedures.
The alanm 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
DURING TIME INTERVAL, t

Dy =  ZD; _ Eq.17G

D = the cumulative gamma air dose (mrad) et the SITE BOUNDARY due to noble gas
{Iadio;luclldes contained in all gaseous radwaste discharged from the site during the
me Interval, t

D, = the cumulative gamma eir dose (mrad) at the STTE BOUNDARY due to noble gas
radionuclides contained in gaseous radwaste release, r, d:scharged from the site
during the time interval of interest

Caleulate the values of D, for each gaseous release as described below.

b) At CCNPP, two methods exist for caleulating D, (l.e., the gamma air
dose at the SITE BOUNDARY due to noble gas € radionuclides contalned
in a gaseous radwaste release, f, 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 & computer system and the
eppropriate sofiware are NOT available.

(3) These methods, as well as additional supporting Iinformation, 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) fa computer system and the approprlate software are available,
the gamma alr 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 = (317E8)(xQ) Z [ (M) ( Q)] Eq. 186G

Whera,
3.17E-8 = The conversion constant, 3.17E-8, represents the Inverse of the number of
seconds in a year.

x/Q "= the highast calculated annual average relativa concentration for any area at or
beyond the UNRESTRICTED AREA boundary (2.2E-8 seconds per cubic meter)

Al releases ara consldered "long-term" releases?, and as such, the highest historical
annual average dispersion factor, (x/Q), is used In tha 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, 2.3.8.3).

The maximum annual average on-shora concentrations occur in the southaast
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).

M = the air dose factor due to gamma emisslons for each identified noble gas
radionuclide, | {mradfyr per microcurie/cubic meter)

The gamma air dosae factors have baen obtalned from Regulatory Guide 1.109,
Appendix B, Tabla B-1.

Tha gamma air dosa factors for various noble gas radionuclides are tabulated in
Attachment 10.

[»]
. 3
i

tha total (lime averaged) activity of noble gas radionuclide, i, in gaseous release, r
{microcuries).

At CCNPP, all releases are considered long term releases.

Calculate the values of Q, for @ach release in accordance with equation 19G.

Equation 18G has been derived from NUREG-0133, 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, = (Ar) (Fe)(tc) (2) Eg. 196

Alr

b

the specific activity of noble gas radionuclide, i, In release, r, discharged during the
time interval of interest (microcuries/cubic centimeter)

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.

Whenever possible, the actual discharge flow rate determined from actual release
conditions (e.g., Initial pressure, volume, and temperature of 8 WGDT along with
fina! pressure and temperature) shall be used in equation 19G.

Additional guldance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures.

the duration of the gaseous radvyaste release (seconds)

a conversion constant, 1E6 cubic centimeters per cubic meter, which represents the
number of cublc centimeters per cubic meter.

(3) In the event a computer system Is unavailablg, a s:mphfed
equation may be used to calcutate the gamma sir dose due to
noble gases in gaseous effluents released to UNRESTRICTED
AREAS,

(4) The simplified method is presented beloﬁ.
d) simplified method

(1)  If a computer system and appropriate software are NOT available
to perform the rigorous gamma &ir dose calcutation 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, (SIMPLIFIED EQUATION)

Dy = [(347E:8)(xQ)(Muy)/Ku1ZQ\ Eq. 206"

317E-8 = Tha conversion constant, 3,17E-8, represents the inversa of the number of
saeconds 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” releases®, and as such, the highest historical
annual average dispersipn factor, (x/Q), is used In the dosa 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 (s.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 (2.9., routine noble gas releases) (UFSAR, 2.3.6.3).

M., = the empirically derived, site specific, average gamma alr dosa factor for each
Identified noble gas radionuciide, i (mrad/yr per microcurielcublc meter)

. A site-specific, average, gamma alr dose factor has been calculated from histoncal
data.

The ca!culation of this site-specific, averags, gamma air dose factor is presented on
Attachment 11 (use section 3.4.5 of the old ODCM.)

&

a constant, actually a safety factor, which Is the ratio of the CCNPP gamma air dose
limit to the gamma 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
gamnga air dose is always less than or equal fo the gamma alir dose limit of Control
3.11.22,

A safety factor of 1.00 will yield an gamma air dese which corresponds to the
gamma alr dose limit of Control 3.11.2.2.

A safety factor of 0.500 will yleld an gamma alr dose which corresponds to one-half
the gamma air dose limit of Control 3.11.2.2,

Itis 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.
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 adminlistrative 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 & 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
nonconservatism assoclated with applying the empirically derived gamma alr dose
factor, M,y to all radionuclides Identified in the gaseous release. Such

nonconservatism could conceivable be present whenever radionuclides having a
gamma alr dose factor greater than M, are present in a gaseous release.

the total (time averaged) activity of noble gas radionuclide, |, in gaseous release, r
(microcuries)

At CCNPP, all releases are considered long term releases. |

Calculate the values of Q, for eath release In accordance with equation 18G.

TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE | IN GASEOUS RELEASEr

Qy = {(A)(Fe)(t)(c') ‘ ' Eq. 189G

" the specific activity of noble gas radionuclide, |, In release, r, discharged during the

time Interval of interest (microcuries/cubic centimeter).

the discharge flow rate for release, r, discharged during the txme 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.
the duration of the gaseous radwaste release (seconds).

a converslon constant, 1E6 cubic centimeters per cubic-meter, whnch represents the
number of cubic centimeters per cubic meter.
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7.

e)

Onca tha calculations above hava been completed, the calculation results
are compared to the applicable limits and correctiva actions are initiated
as described below.

Corrective actions

a)

b}

CHEMISTRY SECTION surveillanca procedures shall contain/and or
referencs administrative and/or Control limits for quarterly and yearly
gamma alir doses for gaseous effluents and shall specify corrective-
actions to be initiated when these limits ars exceeded.

Rafer to Control 3.11.2.2 for actions to be taken in the event the
calculated cumulative gamma ajr dosas 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)

b)

c)

Appendix | to 10 CFR 50 specifies cumulative bsta alr dose limits

ﬁgﬁigted with the release of radioactive materials to UNRESTRICTED

Radlological effluent controls have been established to implement the.
requirements of 10 CFR 50, Appendix I.

These radiological effluent controls are described below.

Radiclogical Effluent Contraols

a)

b)

The cumulative beta air doss, dus to nobls gases in gaseous effluents
releasad 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)

The routine surveillances which are performed to verify compliance with
thesa radiotogical effiuant controls are describad below.,

Surveillance Requirement(s)

a)

b)

The cumulative beta air doses, for the cumrant calendar quarter and the
current calendar year, due to noble gases in gaseous sifluents, shall be
determined at least once every 31 days (Control 4.11.2.2).

cooereo

Thas plant group(s) responsible for performing the required surveillance(s)
are Identified below. .

Responsible Plant Organizations

a)

The CHEMISTRY SECTION Is responsible for calculating the cumulative

beta alr doses.for the currant calendar quarter and the current calendar
year, .
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b)

c)

The CHEMISTRY SECTION calculates the cumulative beta alr doses
whenever the appropriate initiating conditions are present

These Inltiating conditions are contained In the following section,

5. Initiating Conditions

a)

b)

c)

d)

e)

g)

h)

The cumulative beta air doses due fo noble gases in gaseous effluents

* shall be determined at least once per 31 days (Contro! 4.11.2.2).

The cumulative beta alr doses due to noble gases in gaseous effluents
are calculated for each release of a WGDT.

The cumulative beta air doses due fo noble gases in gaseous effluents
are calculated for each vent of a containment building. .

The cumulative beta air doses due to noble gases in gaseous efﬂueﬁts
are calculated for each PURGE of a containment building.

The cumulative beta alr doses due to noble gases in gaseous effiuents
are wlculkated at least weekly' for CONTINUOUS discharges from p!ant
vent stacks

The cumulative beta alr doses due'to noble gases in gaseous effiuents
are calculated for each discharge of combustion products resulting from
the burning of contaminated oil.

The cumulative beta alr doses due fo noble gases in gaseous effluents
are calculated for each ABNORMAL AND/OR UNANTICIPATED
RADIOACTIVE GAS RELEASEZ,

Whenever the correct initiating conditions are present, the cumulat:ve
beta sir 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 effiuents 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 4.11.2.1.1 or -

4.11.2.1.2, Teble 4.11-2).
The criteria used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found

In CP-612 or CP-604.

2002/€0
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CUMULATIVE BETA AIR DOSE FOR ALL GASEOUS RELEASES, r, DISCHARGED DURING
TIME INTERVAL, t

Dy = T ' Eq. 21G

Dy = the cumulative beta air dose (mrad) at the SITE BOUNDARY due to noble gés

radionuclides contained in all gaseous radwaste discharged from tha site during the
tims interval, t

Ds, = thebeta air dose (mrad) due to noble gas radionuclides contained in gaseous
radwaste releass, r, discharged from the slte during the time interval of interest

Calculate the values of Dy, for each gaseous release as described below.

b) At CCNPP, twa methods exist for calculating Dy, (the beta air dose at the
SITE BOUNDARY dus to noble gas radionuclides contained in a gasecus
. radwaste releass, r, discharged from the site).

(1)  The rigorous method shall ba used (F a computer system and the
appropriate software are available.

(2)  The simplified method may be used IF a computer system and the
appropriate soﬁwgre 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 dus to noble gases in gaseous
effluents released to UNRESTRICTED AREAS shall be calculated
in accordance with equation 22G. '
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" BETA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (RIGOROUS EQUATION)

Dy = (347E8) (xQ) Z[(N:}( Q)] Eq. 226"

= 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.

= the highest calculated annual avefége 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” releases®, and as such, the highest historical
annual average dispersion factor, (x/Q), is used in the dose calculations.

The highest annual average dispersion factor (/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 oceur 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 alr dose factor.due to beta emissions for each identified noble gas redionuclide, i
(mradfyr per microcurie/cubic meter)

The beta air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B, Table B-1.

The beta air dose factors for various noble gas radionuclides are tabulated in
Attachment 10 (Attachment 1 of old ODCM).

= the total (time averaged) activity of noble gas radionuclide, i, in gaseous release, r
(microcuries).

At CCNPP, &ll releases are considered long term releases.

Calculate the values of Q, for each release in accordance with equation 19G.

Equation 22G has been derived from NUREG-0133, 5.3.1.
NUREG-0133,3.3
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TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE 1 IN GASECUS RELEASE r

Qy = {Ae)(Fe) () (<) Eq. 136G

the speciflc activity of noble gas radionuclide, 1, In releass, r, dlscharged during the
tima interval of interest (microcuries/cubic centimeter).

the discharge flow rate for release, r, discharged during the time interval of intarest
(cublc meters per second).

If the discharge flow rate Is unknown (2.g., the gassous radwaste has not been
released), the "Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may bs
used to calculate the average acfivity for nuclide I.

Additional guldance for calculating dischargs flow rates may be contained in
approved CHEMISTRY SECTION procedures.

the duration of tha gaseous radwaste release (seconds).

a conversion constant, 1E8 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
%ases In gaseous effluents released to UNRESTRICTED

(4)  The simplified method Is presented below.
d) Simplified method

(1) {f a computer system and the appropriate software are NOT
availabls to perform the rigerous beta air dose calcutation
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}

Ds:

[({3.97E-6) (XQ)(Nug ) Kt 1 2 Q' Eq. 23G*

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™ releases?, 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 & distance of 1300 meters for purposes of routine, long-term
concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3).

the empirically derived, site specific, average beta &ir dose factor for each identified
noble gas radionuclide, | {mrad/yr per microcurie/cubic meter)

. ﬁ‘ slte-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.

Kt a constant, actually a safety factor, which Is the ratio of the CCNPP beta air dose

limit {o the beta 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 beta
alr 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 oorresponds 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 alr
dose, however, other values~not ta exceed 1.00-may be used as directed by the
General Supervisor Chemistry.

Equation 23G has been derived from NUREG-O133 63.1.
2 NUREG-0133, 3.3
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The particular value selected for the safety factor is somewhat arbitrary, however a
safaty factor does provide plant personnel with a degrea of administrative control
over the uss of simplified equations for generating radioactive gaseous relaase
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 licsnsess
should make avery reasonabls 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 radicnudlides identified in the gaseous raleass, Such
nonconseérvatism could conceivable be present whenever radionuclides having a
beta air doss factor greater than N, are present in a gaseous release.

tha total (time averaged) activity of noble gas radionuclide, i, in gaseous release, r
(microcuries) _

At CCNPP, éll releases are considered long term releases.

Calculate the values of Qy, for each release in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE | IN GASEOUS RELEASE r

Qe = (Ar) (Fe)(te){c") Eq. 135G

the specific activity of noble gas radionuclide, i, in release, r, discharged during the
time interval of interest (microcuries/cubic centimeter) .

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 Aftachments 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.

the duration of the gaseous radwasts release (seconds).

a conversion constant, 1E8 cubic centimeters per cubic meter.

e) Oncs the calculations above have been completed, the calculation results
are compared to the applicable limits and corrective actions are imtnated
as described below.
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7. Corrective actions -

a)

b}

CHEMISTRY SECTION surveillance procedures shall contain/and or
reference administrative and/or Contro! limits for quarterly and yearly beta
air doses for gaseous effiuents and shall specify corrective actions to be
Initiated when these limits are exceeded.

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 or 40 mrads per calendar year. -

CUMULATIVE ORGAN DOSES DUE TO IODINES AND PARTICULATES IN GASEOUS

EFFLUENTS

1. Iintroduction

a)

b)

c)

Appendix 1 to 10 CFR 50 épeciﬁes cumulative organ dose limits
asscEJiiated with the release of radioactive materials fo UNRESTRICTED
AREAS.

Radiologicat effluent controls have been established to implement the

- requirements of 10 CFR 50, Appendix l.

These radiological effluent controls are described below.

2. Radiological Effluent Controls

a)

b)

<)

The cumulative organ dose due to iodines 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).

The cumulative organ dose due to iodines and particulates in gaseous,
contaminated oll combustion products releassd 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). :

The routine surveillances which are performed to verify compliance with
this radi_o!ogiwl effluent controls are described below.

3. Survelliance Requirements

a)

b)

The cumulative organ doses (due to iodines 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). .

The plant group(s) responsible for performing the requlred survelllances
are identified below,

" 2002/e0
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Responsible Plant Organizations

a)

The CHEMISTRY SECTION Is responsible for Implemenﬁng the
survaillances required by Control 4.11.2.3.

b) The CCNPP CHEMISTRY SECTION calcutates the cumulative organ
doses whenever the appropriate initiating conditlons are prasent

c)  Theseinitiating conditions are contained In the following section.

Initiating Conditions

a) The cumulative organ doss--for each organ--shalil be determined at least
once per 31 days (Control 4.11.2.2).

b} The cumulativa organ dose--for each organ~due to jodines and
particulates in gaseous sffluents shall be calculated at least weekly' 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 bumning of contaminated oil.

d) - The cumulative organ dose-for each organ—dus to lodines and
particulates In gaseous effluents shall be calculated for each
ABNORMAL AND/CR UNANTICIPATED RADIOACTIVE GAS
RELEASE. -

e) Whenaver tha correct initiating conditions are present, the annual
cumulative organ doses shall be caleulated as described below.

Calculation Methodology

a) The cumulative organ doseé (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
calcutated in accordance with equation 24G.

The frequency is contralled by the implementing procedure, and is based on plant conditions.

Under no conditions shalf {he frequency be less than oncs per month (Controls 4.11.2.1.1 or
411212, Table 4.11-2). -

2002/e0
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CUMULATIVE DOSE TO ORGAN, o, FROM ALL GASEOUS RELEASES, r, DISCHARGED
DURING TIME INTERVAL, t : :

D & Z D Eq. 246

D = the cumulative dose (mrad) to organ, o, &t the SITE BOUNDARY, due to iodine and
particulate radionuclides contalned in gaseous waste discharged from the site during
the time interval, t

D,, = thedose (mrad)to organ, o, at the SITE BOUNDARY due to lodine and particulate
r?cliionuclides In gaseous release, r, discharged from the site during the time interval
of interest

Calculate the values of D,, for each gaseous release as described below.

b) At CCNPP, two methods exist for calculating D, (the organ doses due to
lodines and particulates resulting from any singfe release of radioactive
gases to an UNRESTRICTED AREA).

(1)  The rigorous method shall be used IF a computer system énd 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) Appilcation of the following equation may prove too rigorous for
routine use unless a computer system and the appropriate
- sofiware are avaliable,

(2) if a computer system and the appropriate software are available,
the organ doses due o iodines and particulates contained In any
single release of radioactive gasés to UNRESTRICTED AREAS
shall be calculated in accordance with equation 25G.
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. DOSE TO ORGAN, o, DUE TO IODINES AND PARTICULATES IN GAS RELEASE, r
(RIGOROUS EQUATION) _

Dor = (347E-8)(Wy)Z (Riso) Q) ' Eq.256'

Whers,

D, = thedose (mrem) to organ, o, atthe SITE BOUNDARY due to lodine and particulate
radionuclides in gaseous release, r, discharged from tha site during the time interval
of interest

3.17E-8 = The conversion constant, 3'.175-8. represents the inverse of the number of
seconds in a year. '

W, = 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
W, is x/Q for the inhalation pathway (2.2E-6 sec/cubic meter)

W, is D/Q for the food and ground plane pathways (meters2)

D/IQ = the djspersion parameter at tha controliing location for long term releases (meters2)

The value for D/Q has been determined to be 8.63E-10 m2.2
. The gréss-cow—mllk pathway is the controlling pathway.®
The controlling sector Is the south-southwest sactor.

The controlling location Is at a distance of 4800 meters.®

Ripao

the dose factor for each identifled lodine or particulzte radionuclide, i, exposure
pathway, p, receptor age group, a, and crgan, © {(m< mrem/fyear per
microcuries/second or mrem/year per microcuries/cubic meter)

dose factors have been derived for the following pathways

1)} inhalation - ses Attachment 12

2) ground plane - see Attachment 12

3) grass-cdw-mllk - 3ea Attachment 12

4) grass-cow-meat - see Attachment 12

5) vegetation - see Attachment 12

Equation 25G has bean derived from NUREG-0133, 5.3.1.
Ses CP-607, Revision 2 section 3.4.3.
. 3 Ses the "Land Use Survey”, 1990.
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The Inhalation pathway dose factors were obtained using the formula from NUREG-
0133, 5.3.1.1.

ghe ground plane dose factors were obtalned using the formula from NUREG-01 33,
3.1.2.

The grass-cow-milk pathway dose factors were obtained uslng the formula from
NUREG-0133, 5.3.1.3.

The grass-cow-meat pathway dose factors were obtained using the formula from
NUREG-0133, 5.3.1.4.

(';'he veggt?ﬂon pathway dose factors were obtained using the formula from NUREG-
133, 5.3.1.5

the total ({time averaged) activity of iodine or particulate l;adlonuclide, I, in gaseous
release, 1, discharged during the specified time Interval (microcuries)

At CCNPP, all releases are considered long term releases.

Calculate the values of Q, for each release In accordance with equation 18G.

TOTAL (TIME AVERAGED) ACTIVITY OF I0DINE OR PARTICULATE NUCLIDE 1 IN
GASEOUS RELEASE r

Qy = (Ac) (Fe) (&) (<) Eq. 156

e

the specific activity of lodine and partiéulate radionuclide, i, in release, 1, discharged
during the time Interval of Interest (microcuries/cubic centimeter)

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 1.

Additiona! guidance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures. .

the duretion of the gaseous radwaste release (seconds)

a conversion constant, 1E6 cublc centimeters per cubic meter

(3) In the event a computer system and the appropriate software are
unavallable, 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) It a computer system and appropriate softwars are NOT available
to perform the rigorous organ dose calcutations described in the
previous section, the organ doses dus to iodines and particulates
in a single releasa of radioactive gases discharged to an
UNRESTRICTED AREA may ba calculated in accordance with
equation 28G. .

DOSE TO ORGAN, o, FROM IODINES AND PARTICULATES IN GAS RELEASE, r
(SIMPLIFIED EQUATION) :

= [(37E-8)(W,)(Rus)/KqlX (Q) Eq. 26G"

Dinaxor

Dmaxor = the maximum 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 (meters2)
" The value for DIQ has been determined to be 8.63E-10 2.2
. The grass-cow-milk pathway is the controlling pathway.

Tha controlling sector is the south-southwest sector.

The controlling location Is ata distanca of 4800 meters.?

Rist the Infant, thyroid, dose factor for 1-131 via the grass-cow-milk pathway (m2

mrem/year per microcuries/second)
This value Is 1.05E12 and it is listed on Attachmient 12.

Ky - a constant, actuaily a safety factor, which is the ratio of the CCNPP organ dose limit
to the organ dosa 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 '
dosa is always less than or equal to the organ dosa limit of Control 3.11.2.3.

A safety factor of 1.00 will yleld an organ dose which corresponds to the organ dose
limit of Control 3.11.2.3.

A safety factor of 0.500 will yleld an organ dose which corresponds to one-half the
organ dose limit of Control 3.11.2.3.

! Equation 26G has been derived from NUREG-0133, 5.3.1.
2 See CP-807, Revision 2 section 3.4.3.
' s See the "Land Use Survey”, 1990.
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Itis reoommended 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

‘aver the use of simpiified equations for generating radioactive gaseous release

permits. This administrative control is designed to minimize the possibliity of
violating Control 3.11.2.3 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 malntain 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, thyrold, grass-cow-milk dose
factor, Ry 434, to &ll radionuclides identified in the gaseous release. Such
nonconservatism could concelvable be present whenever radionudlides having a
pathway dose factor greater than Ry 45, &re present in a gaseous release.

‘the total (time averaged) activity of iodine or particulate radionuclide, i, in gaseous

release, r (microcuries)
At CCNPP, all releases are considered long term releases.

This value shall be calculated in accordance with equation 18G.

TOTAL (TIME AVERAGED) ACTIVITY OF IODINE OR PARTICULATE NUCLIDE i IN
GASEOUS RELEASE r

@ = (AR () | Eq.19G

the specific activity of lodine and particulate redionuclide, |, in release, r, discharged
during the time interval of interest (microwrieslcublc centimeter)

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 actxvity for nuclide . , _

Additional guidance for calculating discharge flow rates may be contained in
approved CHEMISTRY SECTION procedures.

the duration of the gaseous radwaste release (seconds)

a conversion constant, 1E6 cublc centimeters per cubic meter
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e) Oncas the calculations above havae been completed, the calculation results
. ara compared to the applicable limits and corrective actions ars Initiated
as described below. -

7. Corractive actions

a) CHEMISTRY SECTION survesillance procedures shall contain/and or
reference administrative and/or, Control limits for cumulative organ dose
for gaseous sffluents and shall specify corrective actions to be initiated
when these limits ara sxcesded.

b) Refer to Control 3.11.2.3 for actions to be taken In tha event the
calculated cumulative gamma alir doses exceed any of the radiologinl
effluent controls listed above.

LIMITS FOR THE GASEQUS RADWASTE PROCESSING SYSTEM

1. Introduction

a) 10 CFR 50.36a requires licensees to maintaln and use the equipment
Installed in the gaseous wasts processing system for the purpose of
controlling effluents to the environment.

' b) Radiological effluent controls have been establlshed toimplement the -
requirements of 10 CFR 50.38a.

. c) These radiological effluent controls are described below.
2. Radiclogical effluent controls

a) The GASEQUS RADWASTE PROCESSING SYSTEM and the
VENTILATION EXHAUST PROCESSING SYSTEM shall be used to
reduce radicactive materials in gaseous waste prior to their discharga
when tha gaseous effluent air dese, to areas at and beyond the 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 radicactive materials in gaseous wasts prior to their discharge
when the gaseous effluent alr dose, to areas at and beyond the SITE
BOUNDARY, exceeds 2.4 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 radicactive materials In gaseous waste prior to
thair discharge when the calculated doses due to gaseous effluent
releases, to areas at and bayond the SITE BOUNDARY exceeds 1.80
mrem to any organ in a 92 day peried (per Control 3.11.2.4).

d)  Tha routine survelllances which are performed to verify compliance with
. this radiclogical effluent controls are described below.




Offsite Dose Calculation Manual . Page 197 of 325

Revision 6

3.

Surveillance Requirement(s)

a)

-

The cumulative gamma alr dose, for the previous 92 days, due to noble
gases in gaseous efftuents, shall be determined at least once every 31
days (Control 4.11.2.2),

The plant group(s) responsible for performing the required surveillance(s)
ere identified below.

Résponsib!e Plant Organizations

a)

b)

c)

The CHEMISTRY SECTION is responsible for calculating the cumulative
gamma air doses for the current calendar month, the previous 82 days,
the current calendar quarter, and the current calendar year.

The cumulative gamma air dose for the previous 92 days is calculated
whenever the appropriate initiating conditions are present

These initiating conditions are contained in the following section.

Initiating conditions

a)

b)

For a fisting of initiating conditions assoclated with calculating gamma air
doses, see "Initiating Conditions™ In the section of the ODCM titied,
"Cumulative Gamma Alr Doses Due To Noble Gases In Gaseous
Effluents.”

For a listing of initiating conditions associated with calculating beta air
doses, see "Initiating Conditions" in the section of the ODCM titled,
“Curnulative Beta Air Doses Due To Noble Gases In Gaseous Effluents.”

For a listing of Initiating conditions associated with calculating cumulative
organ doses, see "Initiating Conditions™ In the section of the ODCHM titled,
"Cumulative Organ Doses Due To lodines And Particulates In Gaseous
Effiuents.”

Caleulation méthodology

a)

b

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.”

Calculate the previous 92-day cumulative beta air dose as described In
the section "Cumulative Beta Air Doses Due To Noble Gases In Gaseous
Effluents.” ' .

Calculate the previous 92-day cumulative organ dose as described in the
section "Cumulative Organ Doses Due To lodines And Particulates In
Gaseous Effiuents.” :

€00z/e0
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7.

Corrective acﬁons_

a)

b)

CHEMISTRY SECTION surveillance procadures shall contain/and 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 Initlated when these limits are exceeded.

Refer to Control 3.11.2.4 for actions to be taken in the event the
calculated 92-day cumulative gamma alr, beta alr, 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 radionuclides relsased to the
environment.

b) Radiological effluent controls have been established to implement the
requirements of 40 CFR 190.

)] Thesa 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 1o 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 thyrold dose from expaosure to the combination of liquid releases, gas
releases, and uranium fusl 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. Surveillance Requirements _

a) The cumulative gamma air doses, for current calendar month, the current
calendar quarter, and the current calendar year, dus to nobla gases in g
gaseous effluents, shall be determined at least onca every 31 days =)
(Control 4.11.2.2). X

b) The cumulative organ doses (dus 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).

2002/e0
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c)

d)

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).

Cumtlative organ doses to MEMBERS OF THE PUBLIC in
UNRESTRICTED AREAS-for the current calendar month, the current
calendar quarter, and the current calendar year—-shall be calcutated at
least once per 31 days (per Control 4 11.1.2).

The direct radiation dose to MEMBERS OF THE PUBL!c exposed fo
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)

b)

c)

d)

The CHEMISTRY SECTION is responsible for Implementing the effiuent
surveillances required by Control 4.114.1. .

The CHEMISTRY SECTION Is responsible for ensuring implementation
of the direct radiation surveillances required by Control 4. 11 4.2.

- IT SHOULD BE NOTED THAT NO SURVEILLANCES NEED BE

PERFORMED UNLESS THE APPROPRIATE INITIATING CONDITIONS
ARE PRESENT.

These initiating conditions are contained In the following section.

5. Initiating conditions

a)

b)

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 {o the total body

(2)  Twelve (12) mrem per calendar year to the tota! body

(3)  Twenty (20) mrem per quarter to any organ

(4)  Forty (40) mrem per calendar year to any organ

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 foﬂowing (per
Contro! 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

2002/e0
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(4)  Eighty (80) mrad bata per calendar year
c) The total dose from liquld releases, gas releases, and uranium fuel cycle
sources shall be determined whenever the calculated organ doses from

iodines and particulates in gaseous efflusnts excead 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 fo any organ

d) Wheneaver the 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 LIQUID RELEASES, GAS RELEASES AND URANIUM -
FUEL CYCLE SOURCES

Dy = Drow *+ Dy¢ + Dian Eq. 17T

TOTAL ORGAN DOSES FROM LIQUID RELEASES, GAS RELEASES, AND URANIUM FUEL
CYCLE SOURCES

Dean = Drot * D+ Do . Eq.2T

Dpy = the dose (mrem) fo total body resulting from the combination of all gas releases, all
liquid releases, and all uranium fuel cycle sources.

D,y = thedoss (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 the organs listed below:
1. bone
2. liver
3. thyroid
4, Xidney
5. lung

6

. Gltract
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Dr. = the cumulative dose (mrem) to organ, o, for all liquid releases discharged In a given
time interval

Calculate this value as specified by equation 8L.

Dyt the site-boundary cumulative gamma &ir 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 K for M; (see
Attachment 10).

D",t = the site-boundary cumulative organ dose (mrem) resulting from the release of iodine
and particulate radionudlides In gaseous releases from the site

Calculate this value as specified by equation 24G.

Dgnx = 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 monitaring sites DR1-DR9 described on Attachment 13
and shown on Aftachment 18).

The CHEMISTRY SECTION, and the Radiation Safety Section are responsible for
. determining this value. -

b) Compare the calculated values to the radiological effiuent controls (listed
in this section), and if any of the radiological effluent controls have been
exceeded, perform the appropriate comective actions listed below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or
reference administrative and/or Control limits for total dose for liquid
releases, gaseous releases, and uranium fuel cycle sources and shall
specify cotrective 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) tf any of the radlological 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. [375B]
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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 fest 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) Meteorclogy
(1 The highest historical annual average x/Q 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.'
(2)  No speclal considerations are required for addrassing potential
exposure at Camp Conoy.
Visitor's Center
a) Location
(1)  The Visitor's Center is located within the SITE BOUNDARY.
(2 The Visitor's 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-807, Revision 2 page 24.
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(2 Maximum occupancy for MEMBERS OF THE PUBLIC at The
Visitor's Center Is restricted to daylight hours.

Meteorology

(1)  The highest historical annual average x/Q for the Visitor's Center
Is 8.68E-6 seconds per cubic meter.'

(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 metsorologica! conditions would be most highly exposed."’

(2) The dose calculated for the controllmg SITE BOUNDARY is more
conservative by a factor of 7.}

3) Based on sections (b) and (c) above, any actual exposure to a
MEMBER OF THE 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 eddressing 'poténtial
exposure at The Visitor's Center.

t See CP-607, Revision 2 page 24,
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RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

RADIOLOGICAL ENVIRONMENTAL MONITORING 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 bstween quantities of radioactive material
releasad In effluents and resultant radiation doses to individuals.

b) Radiclogical environmental confrols hava been' established to implement
the requirements of 10 CFR 50, Appendix |, Section IV.B.2.

c) Thesa radiclogical environmental controls are described below.
2. Controls on the Radiological Envircnmental Monitoring Program (REMP)

a) The REMP shall consist of environmental sample locations, analysis
paramaeters, 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 2 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 DR1-
DR23 listed on Attachment 13.

(2) In the event any of the monitoring stations, DR1-DR23, described
on Attachment 13 becoms unavailable, establish new monitoring
stations (with new doslmetry) as described below:

(a) In lisu of any location DR1-DR9 described on Aftachment
13, establish a new monitoring station in the same
meteorological sector in the general area of the SITE
BOUNDARY.

(®) Inlieu of any location DR10-DR18 described on
Attachment 13, establish a new monitoring station In the

This portion of tha environmental monitoring program Is designed to moniter the environment
surrounding the CCNPP. A separate environmental monitoring program designed to monitor the
environment surrounding the Independent Spent Fuel Storaga lnstallation is described elsewhere
in the ODCM.




Ofisite Dose Caleulation Manual

Revision 6

b)

(3)

(4)

(8)
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same meteorological sector in the 6-8 km range from the
site.

{¢) Inlieu of any location DR19-DR23 described on -
Attachment 13, establish a new monitoring station in elther
- & speclal interest area (e.g., population center, nearby
residence, school) or a control station whichever Is
applicable.

in the event any dosimetry at an existing monitoring location DR1-
DR23 becomes unavallable, place new dosimetry at the
monitoring station. :

Analyze thé dosimeters at the frequencies and for the parameters
identified on Attachment 14.

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.

Surveillances for airbome activity

(1)

2

Radiolodine and particulate samples shall be collected from
locations A1-AS5 listed on Attachment 13.

In the event any of the monitoring stations, A1-AS, described on
Attachment 13 become unavallable, establish new monitoring
station(s) (fitted with new radiolodine and particulate samplers) as
described below: : _

(&)

@)

(@)  Iniieu of eny location A1-A3 described on Attachment 13,
establish @ new monitoring station in the general area of
the SITE BOUNDARY, such that the three monitoring
stations are located in the meteorological sectors with the
three highest calculated annual average ground level D/Q.

(b) Inlieu location A4 described on Attachment 13, establish a
new monitoring station near a community having the
highest calculated annual average ground level D/Q.

{¢©) Inlisuof location AS described on Attachment 13 establish
@ new “control" location 15 to 30 kllometers from the plant
in the least prevalent wind direction.

In the event any radiciodine cartridge or particulate filter becomes
unavallable from an existing monitoring location A1-A5 described
on Attachment 13, place new radiolodine cartridge or particulate
fiter in the &ir sampler at the monitoring station.

Analyze the éamples at the frequencies and for the parameters
identified on Attachment 15.
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(5) The sampling locations(s), excluding the control station !ocatzon
having the lowest calculated dose or doss commitment(s), via the
same exposurse pathway, may be deleted from the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
after October 31 of the year in which the land use census was
conductsd in accordance with Control 3.12.2.b.

c) Survelillances of waterborne activity

(1)  Water and sediment samples shall be collected from the locations
Wa1, Wa2, and Wb1 listed on Attachment 13.

(2) I the event any of the samples at Wa1, Wa2, or Wb1 are
unavailable, collect substitute samples as described below:

(@ In lieu of a liquid sampla at Waf1, collect a substitute
sample of surface water from the intaks area.

(b) In lieu of a liquid sample at Wa2, collect a substitute -
sample of surface water from the dischargs area.

(c) In lieu of sample at Wb1, 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 tha parameters
[dentifled on Attachment 16.

(4)  The sampling locations(s), excluding the controi station location,
having the lowest calculated dose or dosa commitment(s), via the
same exposura pathway, may ba dsleted from the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

_ _aftor October-3+ of-the year-in whichtheland use census was_

conducted in accordance with Control 3.12.2.b.
d) Surveiflances for ingestible activity

(1)  Fishfinvertebrate, milk, and food product samples shatf be
collected from the locations {at thru (a8 and Ib1 thru 1b9 listed on
Attachment 13.

(2) Inthe event any of the samples at lat thru 1a8 or Ib1 thru 1b9 ara
unavailable, collect substitute samples as described below:

(a) In lieu of samples at la1 thru [a3, collect substitute three
commercially and/or recreationally important species (two
fish species and one invertebrate species) from the vicinity
of the plant dischargs area.

(b) Inlieu of samples at 124 thru 126, collect three
commerclally and/or recreationally important species (two
fish species and one invertebrate species) from an area
not influenced by plant discharges.
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(¢) Inlieu of samples at [b1 thru Ib6, collect three kinds of
broad leaf vegetation grown near the SITE BOUNDARY at
t[\)mél gifferent locations of highest average ground level

Q.

(&  Inlieu of samples at Ib7 thru Ibé, 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 efter October 31 of the yearin
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 survelllances listed above.

5.  Initiating conditions

a) Coliect 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. ’

) Caleulate the potential-annual-dosesin-accerdance with-the-methodology
autlined below If any of the following conditions are true:

1) any of the above surveillanée 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
‘ arfg detected, and the radionuclides 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 survelllance results reveal levels of
environmental activity greater than the ACTION Levels specified
on Attachments 15, 16 17 (per Contro! Table 3.12-2)

1 With fresh leafy vegetable samples unaveilable from one or more of the sample locations listed on

Attachment 13, perform corrective actions specified by Control 3.12.1.¢,
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(2)  any radionuclides other than those in Attachments 15, 16, and 17
are detected, and the radionuclides are the result of plant
effluents, and the potential annual doses due to the radionuclides
ars greater than the calendar year mits of Controls 3.11.1.2,
3.11.22, and 3.11.2.3.

6. Calculation methodology

a)

b)

if the correct inifiating conditions, as described above, are present,
calculate potential annual doses for the pathway of interest in accordance
with the methodologies contained in ODCM, or

if methodologiss other than those listed in the ODCM are used to
calculate potential annual doses, such methodologies shallbe -
documentad in the AREOR in accordance with Control 3.12.1.h.

7. Corrective ACTIONs

a)

b)

- — ——d} - Whenthe-analysis result-for-any-parameter, eﬁcceedsiha—ACTlON Teavel

e)

If a sample is unobtainable due to sampling equipment malfunction, then
attempt to restore equipmant to operable status befors the end of the
next sampling period, and document in the AREOR {per Control 4.12.1,
Table 3.12-1, notation "a").

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 Centrol 3.12.1.a).

With fresh leafy vegetable samples unavailable from one or more of the
sample locations listed on Aftachment 13, establish a new monitoring
location and document applicable information in the AREOR (per Control
3.12.1.¢c).

listed on Attachments 15, 16, or 17, submit a Special Report to the NRC
(per Control 3.12.1.b).

When radionuclides other than those listed on Attachments 15, 16, and
17 are detected; and if those radlonuclides are ths resuit of plant
sffluents; and if the potential annual doses dua to the radionudlides are
greater than the calendar year limits 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.
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LAND USE CENSUS

® .

Introduction

a)

10 CFR 50, Appendix 1, Section 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 estabiished to Implement
the requirements of 10 CFR 50, Appendix I, Section IV.B.3.

c) These radiologlcal environmental controls are described below.

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 resldencé. within a distance of 8 km of
the plant site, in each of the 9 meteorological sectors {per Contrat
3.12.2).

) Identify the location of the nearest garden, within a distance of 8 km of

the plant slte, in each of the 9 meteorological sectors; or if 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).

Surveillance Requirement(s)

b)

c)

8)___ Perform a land use census that will provide the best results. Example— - — —— — — - -

methods may includs, but are not limited to, the following:

(1)  door-to-door surveys

(2) aerialviews

(3)  consult local agricultural authorities

Document the results of the land use census in the Annua! Radiological
Environmental Operating Report in accordance with Technical
Specification 6.6.2 (Improved Technical Specification §.6.2).

Perform an Independent Technicél Review of the land use census data.

Responsible Company Organlzations

a)

The Chemistry Section, CCNPPI, is responsible for ensuring the
performance of the surveillances listed above.
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5. Initiating conditions

a)

6. Calculation methodology

a)

b)

7. Corrective actions

a)

b)

c)

- Calculate doses for the pathways of interest in accordance with the

Conduct the land use census during the growing season, and conduct the
land use census at least onca per 12 months.

methodolegies contained in Regulatory Guide 1.109, or

if methodologies other than those listed in Regulatory Guide 1.108 are
used to calculate doses, such msthodologies should be documented in
the Annual Radiological Environmental Operating Report.

Tha results of tha land use census shall be usad to dstermine the
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM's
sampie locations identified on Attachment 13.

If the land use census has identified a focation(s) that yields a calcutated
dose or dose commitment greater than the values currently being
calculated in Control 4.11.2.3, perform the following activitles.,

(1)  Document the new location(s) in tha 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).

If the land use census has identified a location(s) that yields a calculated

INTERLABORATORY COMPARISON PROGRAM

_dose ordose-commitmert {via-the-same-exposurepathwayy whicth1520%— ~— — '}
greater than the equivalent location identified on Attachment 13, perform
the following activities.

(1)  Add the new location(s) to the RADIOLOGICAL
ENVIRONMENTAL MONITORING PROGRAM within 30 days,

(2) document the new location(s) in the naxt Annual Radiclogical
Environmental Operating Report In accordanca with Technical
Specification 8.6.2 (Improved Technical Specification 5.6.2), and

3) revise tha figures and tables In the ODCM to reflect the new
location(s).

1. Introduction

a)

10 CFR 50, Appendix I, Section IV.B.2 requires licensees to establish an
environmental surveillanca and monitoring program for the purpose of
evaluating the relationship between quantities of radicactive material
released in effluents and resultant radiation doses to individuals.
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b)  Radiological environmental controls have been established to ensure that
. independent checks on the precislon 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 desaﬁbed below.
2, Controls on the Interlaboratory Comparison Program

a) Analyze INTERLABORATORY COMPARISON PROGRAM samples
supplied by elther the Commission or a Commission approved laboratory
for all parameters listed on Attachments 15, 16, andfor 17, as applicable’
{per Control 3.12.3).

3. Surveillance Requirement(s)

8) 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 6.6.2 (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, CCNPPL, Is responsible for ensuring
performance of the surveillances listed above. ‘

5. Initiating conditions

a) Analyze INTERLABORATORY COMPARISON PROGRAM samples .
- — — ————-- ———whenever-theyare-supplied by either the Commission or a Commission
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 the Annual Radiological Environmental Operating
Report (AREOR) pursuant to Technlcal Specification 6.6.2 (Improved
Technical Speclfication 5.6.2).

Since no Commission épproved laboratory supplies TLDs as part of a comparison program, no
TLDs are analyzed es part of the INTERLABORATORY COMPARISON PROGRAM.
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. ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
1. Introduction

a)

b)

c)

2. Controls on the Annual Radiological Environmental Operating Report (AREOR)

a)
b)

c)

d)
®

e)

f)
)

h)

)

k)

10 CFR 50, Appendix i, Section IV.B.2 requires licensees to provide data
on measurable levels of radiation and radicactive materials in the
environment.

Radiclogical environmental controls have been established to Implement
the requirements of 10 CFR 50, Appendix |, Section [V.B.2,

These radiological environmental controls are described below.

The AREOR shall include a summary description of the radiological
environmental monitoring program (REMP).

The AREOR shall includs a summary description of the Independent
Spent Fusl Storage Installation Monitoring Program (ISFSIMP).

The AREOR shall include a table similar to Attachment 13 which states -
the distance and direction from the central point between ths two
containment buildings to each of the REMP samptle points.

The AREOR shall include a table similar to Attachment 20 which states
the distance and direction from the cantral point of the ISFSI to each of
the ISFSIMP sample points.

The AREOR shall include summaries, interpretations, and an analysis of
trends of the results of the radiclogical environmental surveiliance
activities for the report period.

The AREOR shall Includa a comparison between the annual REMP
results and the Radiological Environmental Operating Report
preoperational studies.

The AREOR shall include a comparison between the annual ISFSIMP

resglts and Radiological Environmental Operating Report pre-fuel-load
studies.

The AREOR shall include a comparison with operational controls as
appropriats, '

The ARECR shall include a comparison with the previous environmental
surveillancs reports. .

The AREOR shall include an assessment of the observed impacts of
plant operation on the environment.

The AREOR shall include an assessment of the observed impacts of
ISFSI operation on the environment,
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0)

Py

q)

t)

u)

v)

w)

The AREOR shall include the results of the land.use ceﬁ'sus'es required
by Control 3.12.2. )

The AREOR shall include the results of analysis of &ll radiological
environmental samples taken during the period pursuant to the locations
specified on Attachments 13 and 20.

The AREOR shall include the results of all environmental radiation
measurements taken during the period pursuant fo the locations specified
on Attachments 13 and 20.

The AREOR shall include summarized and tabulated results~in the
format of the table In the Radiological Assessment Branch Technical
Position, Revision 1, November 1878—~of analysis of all radiological .
environmental sarnples taken during the period pursuant to the locations
speclfied on Attachments 13 and 20.

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 penod pursuant to the locations specified
on Attachments 13 and 20.

The AREOR shall Include an explanation for missing results, if some
Individual results (as described in the above paragraph) are not available
for inclusion with the report.

The AREOR shall include any data which was missing from previous
reports.

The AREOR shall Include &t least two legible maps'covering all REMP
sampling locations keyed to a table giving distances and directions from
the central point between the two contalnment buildings.

The AREOR shall include at least one legible méri covering all ISFSIMP
sampling locations keyed to a table giving distances and directions from
the central point of the ISFSI.

The AREOR sﬁall include results of the licensee participation in the
INTERLABORATORY COMPARISON PROGRAM required by Control
3.123.

The AREOR shall Include a discusslon 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.

The AREOR shall Include a discusslon 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 shall include the more distant
stations

_____
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X) The AREOR shall Include the Identificatlon of the cause of unavailability
. of samples (if any), and describe the locations used for replacement
samples.

y) The AREOR shall include any permmanent changes in the sample
locations in the monitoring program.

2) The ARECR shall include revised figura(s) (e.g., like Aftachments 18 and
19) and tables (s.g., like Attachment 13) for the obCcM which reflect any
new REMP sample Iowﬂon(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 technicat content
prior to submiittal to the NRC.

cc) The AREOR shall identify the TLD resuits that represent collocated
ddsimeters In relation to the NRC TLD program and the exposure peried
assoctated with each result.
dd) Material provided in the AREOR shall be consistent with the objectives
outlined in the ODCM and 10 CFR 50, Appendix |, Section IV.3.2, IV.3.3
and IV.C. :
. 3. Surveillance Requirement(s)

a)  Writs the Annual Radiological Environmental Operating Report covering
the previous calendar year's operation of the rsactor units.

4,  Responsible Company Organizations

a) The Chemistry Ssction, CCNPP), is respons’ble for ensuring the
performance of the surveillances fisted above'.

5. Initiating conditions

a) Submit the Routine AREOR (covering operation of the reactor units for
the previous calendar year) of each year In accordanca with Technical
Specifications 6.8.2 (Improved Technical Specification 5.6.2) .

6. Caleulation methodology
a) Calculational methodologles used to satisfy the above surveillances

should bs documented In approved procedures, or should be included in
the AREOR. _

A separats company may be contracted to complete the Routine ARECR.
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7. Corrective actions

' . 8a) 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 FROGRAM
1. Introduction

a) The Technml Specifications for the Independent Spent Fuel Storage
Instaliation® (ISFSI), licensed under 10 CFR 72, require that monitoring
itor tgg r1‘?_:‘FSI be added to the existing environmental monitoring program
or P. -

b)  CCNPP has committed to additional monitoring for the ISFSI.2

c) Radiologica! 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 monlforing sites, as deseribed in Attachment 20, shall be
‘ established to monitor the alr, vegetatnon and soil as well as direct
. : radiation in the ISFSI environs.®
b) Angzlysis parameters, anglysis frequencies, detection limits, and ACTION
levels shall conform to the applicable requirements of Controls 3.12.1.
(See attachment 14, 15, 16, and 17)
¢)  Map(s) shall be maintained and shall show the locations of the
environmental monitoring sites with respect to plant facmtnes (See
attachment 21 and 22).
3. Surveillance Requirements
a) Survelllances for direct radiation

(1)  Direct radiation dosimetry shall be collected from locations
SFDR1-SFDR16, DR7, and DR30 listed in Attachment 20.

1 The Technical Specifications For Calvert Cliffs Independent Spent Fuel Storage Insteliztion Is
Appendix "A” to Materials Licensa SNM-2505.

2 See the letter titled "Response to NRC's Comments to Environmental lssues Regarding BGE's

License Application for Calvert Cliffs Independent Spent Fuel Storege 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 radiolodines, radiolodines in food products, surface water, and fish and

. invertebrates. Additionally, soll samples shall be collected In fieu of shoreline sediment. The

sampling frequency for vegetation and soll shall be quarterly.
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(2) Inthe event any dosimetry at an existing monitoring location
. SFDR1-SFDR16, DRY7, or DR30 becomes unavailable, placs new

dosimetry at the monitoring station.

(3)  Analyza the dosimeters at the frequencies and for the parameters
identified on Attachment 14.

b) Surveillancas for airborme particulate activity

(1)  Airparticulate samples shall be col!ected from locations A1 and
SFA1-SFA4 listed on Attachment 20.

{2) Inthe event any particulate filter becomes unavailable from an
existing monitoring location A1 or SFA1-SFA4 described on
Attachment 20, place a new particulate filter in the air sampler at
the monitoring station.

(3) Analyze the samples at the frequencles and for the parameters
identified under "Particulate Filters" on Attachment 15.

c) Surveillances for deposition on vegetation

(1)  The vegetation samples SFb1-SFb5 shall be collected from the
' “locations listed on Attachment 20,

(2) Inthe event any of the sampling sites SFb1-SFb5 described on
. . Attachment 20 become unavailable, establish new sampling sites
" as described below:

(a) In lleu of samp!é SFb1, 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 Visitor's 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 inthe
South sector of the ISFSI.

(8) Inlieu of sample SFb3, collect vegetation grown in the
Southeast sector of the ISFSI.

(3)  Analyze the'samples quarterly for the non-iodine parameters
Identified under "*Food Products” on Attachment 17.

d) Survelllances for soil activity

(1)  Thes soil samples SFS1-SFSS5 shall be collected from the locations
listed on Attachment 20,
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(2) In the event any of the sampling sites SFS1-SFS5 described on
. Attachment 20 become unavalliable, esiablish new sampling sites

as described below: )

(a) in lieu of sample SFS1, collect soil In the NW sector of the
ISFSL

(b) Inlieu of sample SFS2, collect soil In the general vicinity of
the CCNPP Visitor's Center.

(© In lieu of sample SFS3, collect soll in the North North West
sector of the ISFSL.

(d)  In lieu of sample SFS4, collect soil In the South sector of
the ISFSI.

(e) In lieu of sample SFS5, collect soii In the Southeast sector
of the ISFSI.

(3)  Analyze the samples quarterly for the parameters identified under
*Shoreline Sediment Sample” on Attachment 16.

4, Respansible Company Organizations

'a)  The CHEMISTRY SECTION, CCNPPI, Is responsible for ensuring the
performance of the surveillances listed above.

. . 8. Initiating conditions

g  Collect samples In accordance with the frequencies specified on
Attachments 14, 15, 16, and 17. Soil and vegetation samples shall be
coliected quarterly.

b) Analyze samples in accordance with the frequencles specified on
Attachments 14, 15, 16, and 17. Soil and vegetation samples shall be
analyzed quarterly.

c) cé!culate 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 survelllance results reveal levels of
environmental activity greater than the ACTION Levels specified
on Attachments 14, 15, 16, and 17, &s approprlate (per (:ontrol
Table 3.12-2), or

(2) any radionuclides other than those listed on Attachments 14, 15,
16, and 17 are detected, and the radionuclides are the result of
plant effluents or radionuclide deposition from the ISFS, end the
potential annual doses due to the radionuclides are greater than
the limits fisted in Control 3.12.1.b.
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d)

The Chemistry Saction, CCNPPI, is responsible for notifying the General
Supervisor~-Chemistry, CCNPP, it any of the following conditions are
true:

(1)  any of the abova survalllance results reveal levels of
environmental activity greater than the ACTION Leavels specified
on Attachments 14, 15, 18, and 17, as appropriate (per Control
Table 3.12-2), or

(2) any radionuclides other than those In Attachments 14, 15, 16, and
17 ara detacted, and the radionuclides are the result of plant
effluents or radionuclide deposition from the ISFSI, and the
potential annual doses due to the radionuclides ara greater than
the limits listed in Control 3.12.1.b.

6. Calculation methodology

a)

b)

if any (of the abova) survsillance resuits reveal levels of environmental
activity greater than the ACTION Levels specified on Atfachments 14, 15,
18, or 17 {per Controt Table 3.12-2), calculate potential annual doses for
the pathway of interest, in accordance with the methodologies contained
in Regulatory Guids 1.109.

If methodologies other than those listed in Regulatory Guide 1.109 are
used to calculate potential annual doses, such methodologles shall be
documented in accordance with Control 3.12.1.b.

7. Corrective actions

a)

b)

c)

d)

If a sampla is unobtainable due to sampling equipment malfunction, then
attempt to restora equipment to oparabla status before the end of the
next sampling period, and document in the AREOR.

If the ISFSIMP is not being conducted In accordanca with the
"Surveillance Requirements"” listed elsewhera In this section, document
deviations in the AREOR.

When the analysis result for any parameter exceeds the ACTION Level

"listed on Attachments 15, 16, or 17, as appropriats, submit a Special

Report to the NRC (per Control 3.12.1. b).

When radionuclides other than those listed on Attachments 15, 18, and
17 are detected, and when those radicnuclides are the resuit 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 responslble 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 outiined in the ODCM and in
conformance to 10CFR50.36a and 10CFRS50, Appendix I, section IV.B.1.
Principle Gamma Emitters from Batch Waste Releases and Turbine Bullding
Sump shall be analyzed and included in this report pursuant to Table Notation ¢
of Control Table 4.11-1, "Radioactive Liquid Waste Sampling and Analysis
Program.” In addition, Princlpal Gamma Emitters from the Waste Gas Storage
Tenk, 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,
*Radloactive 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
Speclfcahon 5.6.3).

3. The RERR shall Include an annual summary of hourly meteorological data
collected over the previous year. This annua! summary may be either In the form
of an hour-by-hour listing on magnetic tape of wind speed, wind direction,
atmospheric stabllity, and precipitation (if measured), or In the form of joint
frequency distributions of wind speed, wind direction, and atmospheric stabllity.’
This same report shall include an assessment of the radiation doses due to the
radioactive liquid and gaseous effluents released from the unit or station during
the previous calendar year. The assessment of radiation doses shall be
performed in accordance with the methodology and parameters In the OFFSITE
DOSE CALCULATION MANUAL (ODCM).

1

In lieu of submission with the Radioactive Effluent Release Report, this summary of required

meteorological data may be retained on slte In a file that shall be provided to the 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 relaases and other nearby
uranium fuel cycle sources, including doses from primary effluent pathways and
direct radiation, for the previous calendar year to show conformance with 40
CFR Part 190, Environmental Radiation Protection Standards for Nuclear Power
Operation. Acceptab!e methods for caleufating the dose contribution from fiquid
and gaseous sffluents are given in Regulatory Guide 1.109, Rev. 1, October
1977, and NUREG-0133, "Preparation of Radiological Eifluent Technical
Speciﬁcations for Nuclear Power Plants.”

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

e. Solldiﬁwﬂon égent or absorbent (e.g., cement).

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. :

The RERR shall includa any changes made during the reporting period to the
OFFSITE DOSE CALCULATION MANUAL (ODCM) and a listing of new
locations for dosa calculations identified by the annual land uss ¢ensus pursuant
to Control 3.12.2.

The RERR shall include any changes made during the reporting pericd 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.

2.

Prior to submittal a Independent Technical Review will ba performed.

The SRE;IR will be submitted every 12 months in accordancs with 10 CFR 50.36a
and 504.

1

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

ll
|

INTRODUCTION

1.

3.

Procedures covering the ODCM and the Implementation of the ODCM shall be
implemented.

Administrative controls have been established to implement controls on the
ODCM. .

These administrative controls are described below.,

CONTROLS ON THE ODCM

10

The fén'nat. organization, content, ahd administration of the ODCM are
controlled by CH-1-103. ’

" Methodologles identified in the ODCM are implemented by various CCNNPI

organizations In accordance with approved procedures. (See the
*RESPONSIBILITIES" section of CH-1-103 for a list of those Sections of

CCNNPI responsible for approving and maintaining procedures which implement
the requirements of the ODCM.)

The main vent stack flow rates shall be verified in accordance with the
survelilances described In the following section, “Surveillance Requirements®.

Licensee initiated changes to the ODCM:

a) Shall be documented and records of reviews performéd shall be retained.
This documentation shall contain

(1)  Saufficlent information to support the change(s) together with the
appropriate analyses or evaluations justifying the change(s);

(2) A determination that the change(s) maintain the levels of
radioactive effluent control required by 10 CFR 20 (1990), 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

) Shall be submitted to the NRC in the form of a complete, legible copy of
the entire ODCM as part of or concurrent with the Radioactive Effiuent
Release Report for the period of the report in which any change in the
ODCM was made. Each change shall be identified by markings in the
margin of the affected pages, clearly indicating the area of the page that
was changed, and shall indicate the date (i.e., month and year) the
change was implemented.

200270
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. SURVEILLANCE REQUIREMENTS

1.

Completa audits and PERIODIC REVIEWS of the ODCM in accordance with
CH-1-103.

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 onca per 6 months (+ 25%).

b) The Test and Equipment Unit shall ba responsible for performing this
test. :

c) The results of the main vent flow rate test shall ba evaluated to ensurs
the main vent flow rates used in the ODCM ara an accurate reflection of
the frue main vent flow rates.

d) IF tha 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
mhnigal evaluation shall be Initiated to determine if the ODCM should be
sed.

RESPONSIBLE COMPANY ORGANIZATIONS

1. CH-1-103 identifles the responsibilities of various personnel and company
organizations which administer and implement the ODCM. This section of the
ODCM Identifies campany organizations which ara asslgned responsibility for
implementing the surveillances described above.

2. The Test Equipment Unit Is responsibls for ensuring the main vent stack flow
‘rata test procedura (8.g., TE-001 or equivalent) is completed in accordancs with
the surveillances flisted abova. '

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 avaluating 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 CONDITIONS

1. Main vent stack flow rates shall be determined at least once per 8 months (£
25%), or more often if required by Controls.

2.

Complete PERIODIC REVIEWS of the ODCM as specified in CH-1-103.
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CALCULATION METHODOLOGlES

1.

Calculational methodo!ogfes used to satisfy the above survelllanoes should be
documented in approved procedures

Documents which serve as a basis for calculation methodologies used In the
ODCM should be malntalned in an accessible location.

(1) Supporting documents may be incorporated into the ODCM (e.g., as
Attachments).

(2) Supporting docufnenis rriay be maintained in a "procedure history ﬁle"..

(3) Supporti.ng documents may be Identified in the “references” section of the
ODCM. .

ORRECTIVE ACTIONS

1.

BASES

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 technlcal evaluation shall be initiated to determine
if the ODCM should be revised.

o— —

1.

" {B527], NRC Inspection Report INSR 91-30/30
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EXECUTIVE SUMMARY OF CHANGES

REV, CHANGE . " DESCRIPTION
8 0 Technical Specifimtions 5.5.4.e and 5.5.4.f, include provisions for

“projected doses.” The ODCM 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 sectlon titled “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.”

14. Page 102: The section titied “Limits for Liquid Radwasts
Processing System,” paragraph 5.3, the refsrence to “Control
4.11.1.2" was changed to “contro} 4.11.1.3."

Technlcal Specification 5.5.4.2 specified dose calculation are performed

once per 31 days. By contrast, the ODCM specifles dose calculations are

performed once per 80 days, so the ODCM was changed as follows:

15. Pagss 30, 31, 36, 37, 38, 93, 95, 102, 175, 182, 183, 189, 190,
197, 198, 199 : All occurrences of “60 days” were replaced with “31

" days.”
18. Pages 30, 31, 36, 37, 38: The word “Monthly” was delsted from
" surveillance requirements 4.11.1.2, 4.11.1.3,4.11.2.2, 4.11.23, and
4.11.2.4 as editorial enhancements.

Technical Specifications 5.5.4.¢ 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

ODCM as follows:

1.7. Page 93: The section titled “Limits on Cumulative Total Body
Doses and Cumulative Crgan Doses for Liquid Effluents, *
Paragraph 1.b. was added to describe compliance with the hmlts of

: 10 CFR 20.1302.

1.8. Page 221: Added referance to “10 CFR 20 (1990)” to the section
titted “Administration of the COCM, Controls on tha ODCM®
Paragraph 4.a.2.

1.9. Page 133: Changed referencs from “10 CFR 20.1302" to “t0 CFR
20" In describing the 2 MPC limit in the sectlon titled "Fixed Setpoint

- for 1-RI-5415.

1.10. Page 224: Updated the Executive Summary of Changes.

1.11. Page 11: Editorial correction for title “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 dralnage from the Calvert
Cliffs Nuclear Power Plant can be found in the following reference:

Final Grading And Drainage Plan
Calvert Cliffs Nuclear Power Piant Units 1 end 2,

BGE Document ID Number: 615175H0001
BGE Document ID Number: 61514SH0002 -

The above referenced grading and drainage plan Is intended for reference only. This
drawing may not reflect the changes and modifications since March 1875.
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Waste Stream Radiation Type of Max. Discharge Maxlmum Volume Notes
Monitor Releasa. *  Flow Rate
gal/min liters/min gal liters
Rx. Coolant Wst. Mon. Tk. O-RE-2201 Baich 120 454 9000013  3.407E51
Rx. Coolant Wst. Rec, Tk. 0-RE-2201 - Batch 120 454 9000013 3.407e512
Misc. Wst. Mon, Tk. 0-RE-2201 Batch 120 454 400013 1514013
Misc. Wst. Rec. Tk. 0-RE-2201 Batch 120 454 400013 1514013
Aux. Boiler Steam Drum All releases are via Auxiliary Blowdown Tank
Aux. Blowdown Tk. Unmonitored - Continuous 20012 757 NA N/A
Waslo Neut, Tk. 11 Unmonilored . Batch 10001 37901 45088 1.74E5
Waste Neut, Tk. 12 Unmonitored Baich 1000 37901 47749 1.80E5
Stm. Gen. Blowdown Tk. 1/2-RE-4014'  Continuous/ 2252 8522 23508 88953
Batch!1 ;
Component C@Mg Water* Unmonitored Continuous varlabla® variable® 440908 1.669E5 |
Condenser Hotwells Unmonitored  Balch10 45007 470007  1.05E5 3.97E5
Salt Water System Unmonitored Continuous 15500 585670 . N/A " NIA
Condensalte Storage Tank Unmeonitored ' 'Balch Variable® Variable8 3.5E5° 1.3E869
Demin. Water Storage Tank ~ Unmonitored Batch Variable®  Variable® 3.5E59 1.3E69
Praéoat- Sump Unmonitored  Continuous 50 94.6 103053 390043
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Sources of Liquid Radioactive Waste
Waste Stream . Radlation Type of e ol:l’s;g\gge Maximum Volume Notes
Gal/min - liters/min gel liters
Aux. Buflding Raof Drains 19 Unmonltored  Continuous * Varlable Variable NA - N/A
Sewage Treatment Plant Unmonitored Continuous " 185 700 N/A N/A
Turbine Bidg, Sump No. 11 Unmonltored ~ Continuaus - 470 . 889 1950 7381
Turbine Bidg, Sump No. 12 Unmonitared  Continuous ATO 889 2415 9141
Turbine Bldg. Sump No. 21 Unmonitored Continuous 470 889 2490 9425
Turbine Bidg. SumpNo.22 ~ Unmonitored  Continuous " 470 889 2182 8259
Dlesef Oit Interceptor Sump ~~ Unmonitored  Confiruous 100 3785 . 5790 21920
Yard Oil Interceptor Unmenttored  Continuous variable?3 varigble15 NA N/A
Refueling Water Tenk . | Unmonitored Bétcthont."’ variable’®  variabte!5 42E5 1.6E6
Condensate Storage Tank = Unmonitored  Batch/Cont.17 veriable’d ©  variable1S 3.5E516 1.3E616
Service Water System ~ 1/2-RE-1595 Continuous variable?s variable!S 31418  1.189E5

Plant Heating System 18 Unmonftored  Continuous variable!3 variable?S- N/A N/A
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Sources of Liquid Radloactive Waste

1 This flow rate is only an approximation. The motive forca 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 Syslem could enter outfall 001. Liquid from the CCW System may leak
into either the Salt Waler System (which drains to ouifall 001) or the Liquid Wasle Processing System (via Aux. Bldg. Drains).

5. Radioactive liquid Is not normally 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 slze of leak). Sea Safely Analysis No. 2, FCR 82-1053, Supplement 1.

6. System volume is 5894 cublc feet. Conversion constant is 0.13368 cubic feet per galion.

7. The flow rate shown here is the flow rate for one condensate pump. Verify the number on condensale pumps in service, and modify this
flow rate accordingly.

8. Flow rate should be calculated on a case-by-case basls,

g, Volume oblained from "Plant Data Book", BGE CCNPP Units 1 and 2, Bechtel Power Corporation, Volume 1, Job 6750,

10. May be a CONTINUOUS RELEASE if contaminaied sealing steam is operated during the release.

11. Although staam generalor releases may be either CONTINUOUS RELEASEs or BATCH RELEASEs. Vaerify type of release lo 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 biowdown effiuent radiaion monitor, 1/2-RE-4095, may be equivalent to the 1/2-RE-4014 (see part 5, Liquid Effiuent
Radiation Monitor Alarm and Fixed Sefpoints,para. 2) ]

15. Maximum discharge flow rate shall be determined on a case-by-case basis.

16. Volume obtained from "Plant Data Book™, BGE CCNPP Units 1 and 2, Bechiel Power Corporation, Volume 1, Job 6750,

17. Releases via this pathway would be considered a BATCH RELEASE if a catastrophic tank failure occuwved. In the event of a small leak,
the release may be considered a CONTINUOUS RELEASE. The release made should be delermined 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. {n some cases, depending on the location of the leak, the effiuent would be
collected in the awdliary bullding sump and subsequently released through tha liquid radicactive waste processing systam. The effiuent
pathway should be defermined on a case-by-case basis.

19. Plant drawings indicate that these drains discharge to outfalls 003 and 004.
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Block Diagram of Liquid Radioactive Waste Sysfems
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Attachment 6
. RADIONUGLIDES in Typical Radwaste Discharges

The term f; - a fraction which represents the relative activity contribution of nuclide I to the average total effluent

ectivity - is used in several equations in the ODCM (e.g., equations 2G, 5G, 3L, and 4L). This attachment pmvlde§
guidance for calculating the values of f;.

1. Select the calendar quarlers which contain et least one “typical” liquid (or gas) release (see definition of

TYPICAL RADWASTE RELEASE). . .o )

2. For each of the calendar quarters selected above, obtaln a listing of the nuclides, nuclide ectivities, and

release (end) dates.
8. This data may be obtalned from the Radicactive Effiuent Release Report{s) for the time perlods of
interest, or v

b. This data may be obtained from a computer-based effiuent management system (if available),
c. The values of nuclide activities and release end times may be close approximations of the true values.

3. Sum the quarterly activities (curles) for each individual radionuclide.

Ar = ZAq ' . Egq.1R

4. Sum the quarterly activities for 8li radionuclides, i.

Ay = Ay Eq.2R

. 8. Calcutate the fraction of the total activity aftributable to each radionuclide (i.e., the relative activity of nuclide I).

fi e , AglA; ) » Eq. 3R
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. , Liquid Effluent Dose Factors
. (mrem/hr per uCi/mil)

Nuciide Bone Livar Thedy Thyrold Kidnay Lung Gltract
H-3 0.000E+00 2.8320E-01 2.820E-01 2.820E-0 2820201 2.820E-01 2.5208-01
BE-7 2.700E+01 1.100E+01 6.50CE+01 1.300E+00 1.600E+01 3.1QOE+00 2.700E+02
C-14 14S0E+04 2.900E+03 2.800E+03 2.900E+03 2.90CE+03 . 2.900E+03 2.900E+03
NA-24 4570801 4.570E-01 4.570E-01 4 570E-01 4.576E-01 4.570E-01 4.570E-01
P32 4.890E+08 2.910E+03 - 1.810E+035 0.000E+00 0.000E+00 0.000E+0D 5270EH)S
CR-51 0.000E+00 0.000E+00 5.580E+00 3.340E+00 1.230E+00 7.400E+00 1.400E+03
MN-54 0.000E+00 7.060E+03 1.350E+03 0.000E+00 2.100E+03 0.000E+00 2.160E+04
MN-58 0.000E+00 1.780E402 3.150E+01 0.000E+00 2.260E+02 0.000E+00 5.670E+03
FE-55 5.110E+04 3.530E+04 8.230E+03 0.000E+00 0.000E+00 1.970E+04 2.030E+04
FE-59 8.060E+04 1.90CE+05 1.270E+04 0.000£+00 0.000E+00 5.300E+04 - 8.320E+05
co-57 0.000E+00 1.420E+02 2.360E+02 0.000E+00 0.000E+00 0.00CE+00 3.590E+03
'cO58 0.C00E+00 6.030E+02 1.350E+03 0.000E+00 0.000E+00 0.000E+00 1.220E+04
CO-80 0.000E+00 1.730é+03 3.820E+03 0.000E+00 0.000E+00 0.000E+00 3.250E+04
NI-63 4.960E+04 3.440E+403 1.670E+03 0.000E+00 0.000E+00 0.000E+00 7.180E+02
NI-68 2.020E+02 2.620E+01 1.200E+01 0.000E+00 0.000E+00 0.000E+00 8.850E+02
Cu-84 0.000E+00 2.140E+02 1.010E+02 0.000E+00 5.400E+02 0.000E+00 1.830E+04
ZN-685 1.810E+05 S.130E+035 2.320E+05 0.000E+00 3.430E+05 0.000E+00 3.230E+05

. ZN-69 3.430E+02 8.560E+02 " 4.560E+01 0.000E+00 4,260E+02 0.000E+00 9.850E+01
BR-82 0.000E+00 0.000E+00 4 070E+00 0.000E+00 0.000E+00 0.000E+00 4 B70E+00
BR-83 0.000E+00 0.C00E+00 7250802 0.000E+00 0.000E+00 0.000E+00 1.0408-01
BR-84 0.000E+00 0.000E+00 9.390E-02 0.000E+00 0.000E+00 0.000E+00 7.370E-07
BR-85 0.000E+00 0.000E+00 3.860E-03 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-36 0.0002+00 8.24CE+02 2.910E+02 0.000E+00 0.000E+00 0.000E+00 1.230E+02
RB-83 0.00CE+00 1.780E+00 9.480E-01 0.000E+00 0.00CE+00 ) 0.000E+00 0.000E+00
RB-89 0.000E+00 1.150E+00 8340501  0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-89 4.390E+03 0.000E+00 1.430E+02 0.000E+00 0.000E+00 0.000E+00 8.000E+02
SR-00 1.230E+03 0.C00E+00 3.010E+04 0.000E+00 0.000E+00 0.00CE+00 3.550E+03
SR-91 9.180E+01 0.000E+00 3.710E+00 0.000E+00 0.000E-+00 0.000E+00 4.370E+02
SR-92 3.480E+01 0.000E+00 1.510E+00 0.000E+00 0.000E+00 0.000E+00 6.900E+02
Y-30 8.060E+00 0.000E+00 1.830E-01 0.000E+00 0.000E+00 0.000E+00 6.420E+04
Y-91M 5.7308-02 0.000E+00 2.220E-03 0.000E+00 0.000E+00 0.000E+00 1.880E-01
Y-91 8.880E+01 0.000E+00 2.370E+00 0.000E+00 0.000E+00 0.000E+00 - 4.890E+04
Y-92 5.320E-01 0.000E+00 1.580E-02 0.000E+00 0.000E+00 0.000E£+00 9.320E+03
Y-93 1.690E+00 0.000E+00 . 4.8608-02 0.000E+00 0.00CE+00 ) 0.,000E+00 5.350E+04
ZR-95 1.550E+01 5.110E+00 3.460E+00 0.000E+00 8.020E+00 0.000E+00 1.620E+04
ZR.97 8.310E-01 1.7808-01 8.130E-02 0.000E+00 2.680E-01 0.000E+00 5.510E+04

. NB-95 4470E+02 2.4908+02 1.340E+402 0.000E+00 2460E+02 0.000E+00 1.510E+08
NB-97 3.750E+00 9.{%5-01 3.460E-01 0.000E+00 1.110E+00 0.000E+00 3.500E+03"
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. Liquid Effluent Dose Factors
(mremMr per uCiml)

Nucfide Bone Liver Thody Thyrold Kidney Lung Gltract
MO-g9 0.000E+00 1.280E+02 2.430E+01 0.000E+00 2890E+02  0.000E+00 2 960E+02
TC-g5M 1.300E-02 3.660E-02 4.650E-01 0.000E+00 5.560E-01 1.790E-02 2.470E+01
TC-101 1.330E-02 1.920E-02 1.880E-01 0.000E+00 3.450E-01 ©.810E-03 0.000E+00
RU-103 1.070E+02 0.000E+00 4.600E+01 0.000E+00 4.070E+02 0.000E+00 1.250E+04
RU-105 8.BS0E+00  0.000E+00 3.510E+00 0.000E+00 1.150E+02 0.0C0E+00 . SA440E+03.
RU-106 1.550E+03 0.000E+00 2.010E+02 0.000E+00 3.060E+03 0.000E+00 1.030E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 C.000E+00 0.000E+00
CD-108 2.100E+05 4.000E+06 1.600E+06 1.500E405 2.200E+07 1.800E+05 2.800E+06
AG-110M 1.560E+03 1.4502+03 8.600E+02 0.000E+00 2.850E+03 0.000E+00 5.910E+05
SN-113 6.700E+03 1.200E+03 2.100E+04 6.200E+02 1,600E+03 7.300E+02 2.200E+0S
§B-122 5.300E+01 §.520E+01 6.630E+02 8.780E+00 2.610E+01 1.140E+01 €.580E+03
$B-124 2.770E+02 5.230E+00 1.100E+02 6.710E-01 0.000E+00 2.150E+402 7.860E+03
$B-125 1.770E+02 1.880E+00 4.210E+01 1.800E-01 0.000E+00 1.360E+02 1.950E+03
TE-125M 2.170E+02 7.850E+01 2.910E+01 6.520E+01 8.820E+02 0.000E+00 8.660E+02
TEA2ZTM 5480E+02 1.950E+02 6.680E+01 1.400E+02 2.230E+03 0.000E+00 1.840E+03
TE-127 8.S00E+00 8.2006400 1.830E+00 6.600E+00 3.630E+01 0.000E+00 7.030E+402

. TE-120M £.310E+02 3.470E+402 1A70E+02 3.200E+02 3.890E+03 0.000E+00 £.690E+03
TE-129 2.540E+00 9.550€-01 6.190E-01 1.950E+00 1.070E+01 0.000E+00 1.520E400
TE-131M 1.400E+02 6.850E+01 B.710E+01 1.080E+02 6.840E+02 0.000E4+00 6.800E+03
TE-131 1.590E+00 6.650E-01 5,030E-01 1.310E+00 6.930E+00 0.000E+00 2.250E-01
TE-132 2.040E+02 1.320E+02 1.240E+02 1AG0E+02 1.270E+03 0.000E+00 6.240E+03
I-130 3.950E+01 1.170E+02 4.610E+01 9.610E+03 1,820E+02 0.000E+00 1.010E+02
1131 2.180E+02 3.120E+02 1.700E+02 1.020E+05 £.350E+02 0.000E+00 8.230E+01
132 1.080E+01 2.850E+01 $.960E+00 9.960E402 4.540E+01 0.000E+00 6.350E400

“1133 7A50E+01 1.300E+02 3.950E+01 1.600E+04 2.260E402 0.000E+00 1.160E+02

- 1134 6.560E+00 1.510E+01  * 5.400E+00 2620E+02  2.400E+01 0.000E+00 1.320E-02
135 2.320E+01 6.080E+01 2.240E+01 4.010E+03 9.750E+01 .000E+00 6.870E401
CS-134 6.840E+03 1.630E+04 1.330E+04 0.000E+00 5.270E+03 1.750E+03 2,850E+02
Cs-136 7.160E+02 2.830E+03 2.040E+03 0.000E+00 1.570E+03 2.160E+02 3210E402
CSs-137 8.770E+403 1.200E+04 7.850E+03  0.000E+00 4.070E+03 1.350E+03 2.320E+402
Cs-138 6.070E+00 1.200E+01 5.940E+00  0.000E+00 8.810E+00 8.700E-01 5.120E-05
BA-139 7.850E+00 5.500E-03 2.300E-01 0.000E+00 5.230E-03 3.170E-03 1.380E401
BA-140 1.640E403 ©  2.060E+00 1.080E+02 0.000E+00 7.020E-01 _1.180E+00 3,350E403
BA-141 3.810E+400 2.880€-03 1,290E-01 0.000E+00 2.650E-03 1.800E-08
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Liquid Effiuent Dose Factors
{mrem/hr per uCi/ml)

Nuclide - Bone Liver Thody Thyrold Kidney Lung Gltract
BA-142 1.720E400  1.770E-03 1.060E-01 0.000E+00  1.500E-03 1.000E-03 0.000E+00
LA-140 1570E+00  7.840E-01 2.100E-01 0.000E400  O0.000E+00  .0.000E+00  5.830E+04
CE-139 1.000E+02  4.800E+01 37006402  6.200E-01 S400E+01  4B00E+00  3.200E+03 .
LA-142 &usosoé 3.670E-02 8.130E-03 0.000E+00  O0.000E+00  O0.000E+00  2.680E+02
CE-141 3430E+00 23206400  2.630E-01 0000E+00  1.080E400  O0.000E+00  8.860E+03
CE-143 6.040E-01 4460E+02 4940602  0Q.000E+00  1.870E-01 0.000E+00  1.670E+04
CE-144 1.780E402  7470E+01  ©.590E+00  O.000E+00 ~ ° 4430E+07  O0.000E+00  6.040E+04
PR-143 5TO0E400  2.320E+00  2.870E-0% 0.000E400  1.340E+00  O0.000E+00  2.540E+04
PR-144 1.900E-02 7.670E-03 ©.640E-04 0000E+00  4.440E-03 0.000E+00  2.730E-09
ND-147 3860E+00  4.680E400  2.740E-01 0.000E+00  2.680E400  O0.000E+00  2.200E+04
EU-154 " 3.B70E+02  4.760E+01 3.390E+01  O0QO0E400  2280E+02  0.000E+00  3.450E+04
EU-155 5A20E+01  T.66E400 4960E+00 0000400  3.550E+01  0,000E+00  6.050E+03
W-187 G.I60E+00  7.660E400  2680E400  O0.000E+00  0.000EH00 0000400  2.5105+03
NP-239 3.530E-02 3470E-03 1.610E-03 0.000E400  1.080E-02 D.000E+00  7.410E+02"
HG-203 1400E+05  O0.000E+00  41.6D0E+05 = O0.000E+00  1.600E+06  1.000E+05  3.200E+05
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Altachment 7
General Information Relaled fo Gaseous Releasgs via the Main Vents
Wasts Stream Radiation  Typeof Nominal Discharge Maximum Discharge Note
Monitor " release Flow Rate Flow Rate
m"°/ sec SCFM misec SCFM

Waste Gas System (WGDT) 0-RE-2191" Baich N/A N/A 2.36E-2 50

Cnimt. Vent (via H2 Purge) 12-RE-5415°  Balch® 2.36E-2 50 2.93E-1 620

Unit 1 Cntmt. Purge (100%) 1-RE-5415*  Continuous® N/A N/A 22.4° 47,387°

Unit 2 Crtmt, Purge (100%) 2RE-5415  Conlinuous’  N/A N/A 20.9° 44,320°

Unit 1 Main Vent Release 1-RE-5415" Conlinuous 56.3° 119339 62.0% 131273"

Unit 2 Maln Vent Release 2.RE$415  Continuous 457" 96745 502" 108420"
" Sinca tha WGDT is ralaased to tha plant vent stack, 1/2-RE-5415 and 1/2-RE-5416 may also be used to monitor releasses from a WGDT.
2 The WRGM, 1/2-RE-5416, may also monllor thesa releases.
3 Aconm)\:nantventlscons(de:eda'batdl'ralease(evenHnnhweakagedmd‘macﬁvegaseshNMmmaimnemamsphaemayomdumgtheﬁmelhaventlsln .
4 The WRGM, 1-RE-5416, may also monitor these releases.
s A purgs lseonsldemdtobeaOONﬂNuous RELEASE dua hopotenhalhﬂududton of radioaclive gasas (o the containment atmosphere during containment maintenance

aclivities,
s Thig Is the purge flow rala as delermined by approved tes! procedure (Le., TE-008) in April 1883,
4 The WRGM, 2-RE-5416, may. also monitor thaso refeases.
e This I the purge fiow rate a8 delsrmined by approved test procedure (l.e., TE-006) in March 2001.
¢ This Is the mean main vent siack flow rate as determined by approved test procedure (Le., TE-001 from 8/1990-3/1956 for Unit 1 and
TE-001 from 8/1950-3/2000 for Unit 2).

w This is the maximum vent stack fiow rata which Is equal to 110% of the Nominal Discharge Flow rata.
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General Information Related to Gaseous Releases via Pathways other than the Main Vents
Waste Streams ' Radiation Monltor Type of Release Nominat Discharge Notes
' Flow Rate

Aux. Boller Deaerator Unmonitored See Footnote’ See Footnote®
Stm. Gen. Atm. Stm. Dumps Unmonitored Ses Footnota? See Footnote?
Plant Nitrogen System Unmonitored See Footnote! Ses Footnote?2
Turbine Bldg. Vent, Exh® Unmonitored See Footnote? See Footnote?
Emergency Air Lock Unmonitored See Footnote? See Footnote?
Plant Compressed Air . Unmonitored See Footnote!- See Footnote?
Main Steam Line Penetrations Unmonitored See Foomnote? See Footnote2
Steam Driven Auxillary Feed Pumps Unmonitored See Footnote! See Footnote2
Containment Equipment Hatch Unmonitored Sea Footnote'! See Footnote?2

1 Since radioactive gaseous waste Is not normally vented via this pathway, the determination of reIeaée type (i.e., continuous or batch) will

be evaluated on a case-by-case basis.
2 Since radioactive gaseous waste is not nonmally vented via this pathway, the determination of discharge flow rate will be evaluated on a
case-by-case basls.. _
3 Includes sources such as Gland Seat Exhaust.
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Attachment 9
Block Diagram of Gaseous Radioactive Waste Systerns
. oy .
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Attachment 10
. Noble Gas Dose Factors
Nuclide GAMMA BSDY DOSE BETA SIEIN DOSE GAMMA AIR DOSE BETAAIRDOSE
" M; N,
{(mrem/yr)(UCVm3) {mremfyr)/(uCiim3) (mrad/yr)/(uCl/m3) {mradir)/(uCifm3)
Ar41 8.84E+03 2.69E+03 8.30E+03 3.28E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-85m 1.17E+03 1.46E+03 ' 1.23E+03 © 1.97E+03
Kr-87 5.92E+03 8.73E+03 €6.17E+03 1.03E+04
Kr-88 1.47E+04 , 2.37E+03 1.62E+04 293E+03
Xe-131m 8.15E+01 4.T6E+02 1.66E+02 1.11E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-133m . 2.51E+02 8.94E+02 327E+02 1.48E+03
Xe-135 1.81E+03 1.86E+03 1.92E+03 246E+H03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02

Xe-138 8.83E+03 4.13E+03 ' ©.21E+03 4.75E+03
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Attachment 11
Empirical Derivation Of Site-Specific Dosa Factors

The total body dose, tha skin dose, and the alr doses—resulting from gamma and beta emitting
radionuciides in discharges of gaseous radwaste—ars normally calculated using nuclida specific doss
factors. However, these same doses may ba estimated using empirically derived, site spemﬂc. dose
factors as shown below.

TOTAL-BODY, GAMMA-DOSE FACTOR
A site-spacific, tetal-body, gamma-dose factor has been derlved from historical data in accordanca with
the following equation.

Keg = Z(%) (%) . Eq.4F

Kay = the empirically derivad, sita-specific, total-body, gamma-dose factor due to all noble
gases released during a specified time period

Values of K, 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.

K = the total body dose factor due to gamma emissions for éach identifled noble gas
radionuciide, [ (mrem/yr per microcurie/cubic meter)

" The total-body dose factors for gamma rays from noble gas radionuclides were
obtained from Regulatory Guide 1.109, Appendix B, Table B-1.

The total-body dose factors for various noble gas radionuclides are tabulated In
Attachment 10.

f, - = afraction 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 accordanca with equation 3R on Attachment 5.
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Afttachment 11
Empirical Derivation of Site-Specific Dose Factors
SKIN, BETA-DOSE FACTOR

. Aslte-specific, skin, beta-dose factor has been derived from historical data In éccordance with the

following equation.

g = Z(L)(F) ~ Eq%F

-_h
"

the empirically derived, site-specific, skin, beta-dose factor due to all noble gases

Ly
’ 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.

L = the skin dose factor due to beta emisslons for each Identified noble gas radionuclide,
i (mrem/yr per microcurie/cubic meter)

The beta skin dose factors have been obtalned from Regu!atory Guilde 1.109,
Appendix B, Table B-1.

The beta skin dose factors for various nable gas radxonuchdes are tabulated in
Attachment 10.

a fraction which represents the relative activity contribution of noble gas radionuclide
1 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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Attachment 11
Empirical Derivation of SIteSpeciﬁc Dose Factors
GAMMA-AIR-DOSE FACTOR '

A site-specific, gamma-air-dosa factor has been derived from historical data In accordance with the
following equation.

Mg = Z(M)(h) Eq.3F

My = the empincally derived, site-specific, gamma-alr-dosa factor due o all noble gases
released during a specified time period

Values of M, have been calculated using gaseous radwaste discharge data
collected over several yaars.

The results of tha calculations appear in the Table on page 5 of this attachment.

M, = thealrdose factor dus to gamma emissions for each identified noble gas
radionuclide, | (mrad/yr per microcurle/cublc meter)

The gamima air dose factors have been obtained from Ragulatory Guide 1.109,
Appendix B, Table B-1.

The gamma air dosa factors for various noble gas radionudlides ars tabulated in
Attachment 10,

fi = a fraction which represents the relative activity contribution of nobls gas radiohuclide
1to 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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Attachment 11
Emplrical Derivation of Site-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.

New = - Z(N)() Eq.4F |

Ngg = 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 5 of this attachment.

N = the alr dose factor due to beta emissions for each identified noble gas radionuciide, | |
(mrad/yr per microcurie/cubic meter)

The beta air dose factors have been obtained from Regulatory Guide 1.109,
Appendix B, Table B-1. '

The beta air dose factors for various noble gas fadionﬁdides are tabulated in
Attachment 10 (Attachment 1 of old ODCM).

a fraction which represents the relative acﬂvlty contribution of noble gas radionuclide
i to the total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitiess)

o
1

This value has been calculated for all gaseous radwaste discharges for the years
1886, 1987, and 1988 In accordance with equation 3R on Attachment 5.
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. Empirical Derivation of Site-Specific Dose Factors
SITE-SPECIFIC, AVERAGE DOSE FACTORS

Year : Kavg Lavg "Mavy Navg
1986 330 790 390 1100
1987 i 340 810 400 1100
1988 390 960 450 1200
Average 350 850 410 1100
Maximum % difference 11% 13% 10% 9%

As can ba seen from the abdve table, the percent difference between the yearly dose factors and the 3-
year average dose factors range from 9% to 13%. This varfabllity Is minor considering other areas of

uncsrtainty inherent in the environmental dose calculation models.

It should be noted that the emplirically-detived, site-specific, average dose factors listed in the abaova table
shall only rarely be used. In those rare instances where emplrically-derived, site-specific, average dose
factors are used, the results shall ba carefully avaluated by qualified members of the facility staff to ensure -
. the estimated doses ars only a small fraction of the Controf limits. Additionally, the doses shall be
recalculated using the RIGOROUS METHODS prior to submitting the Radioactive Effluent Release

Report. .
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Gaseous Effiuent Pathway Dose Factors
. GRASS-COW-MEAT DOSE FACTORS
~ ADULT
(m2*mremiyr per uCi/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Glfract
H3 0.000E+00 3.250E+02 3.250E402 3.250£402 3.250E+02 3.250E+02 3.250E+02
C-14 3.330E+05 6.660E+04 €.660E+04 6.850E+04 6.660E+04 6.660E+04 8.660E+04

NA-24 1.840E-03 1.840E-03 1.840E-03 1.840E-03 1.840E-03 1.840E-03 1.840E-03
p-32 4.650E+09 2.800E+08 1.800E+08 0.000E+00 0.000E+00 0.000E+00 5.230E+08

CR-51 0.000E+00 0.000E+00 7.070E403 4.220E+03 1.560E+03 9.380E+03 1.780E+06

MN-54 0.000E+00 9.150E+06 1.750E+06 0.000E+00 2.720E+06 0.000E+00 2.800E+07

MN-56 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

FES5 2.930E+08 2020408 4. T20E+07 0.000E+00 - D.000E+00 1.130E+08 1.160E408
FE-S5 2.670E+08 6.270E+08 2.400E+08 0.000E+00 0.000E+00 1.750E+08 2.000E+00
co-57 0.000E+00 5.640E406 9.370E+06 0.000E+00  0.000E+00 0.000E+00 1.430E+08
co-58 © 0.000E+00 1.830E+07 4.100E+07 0.000E+00 0.000E+00 0.000E+00 3.700E+08

CO-60 0.000E+00 7.520E+07 1.650E+08 0.000E+00 0.000E+00 0.000E+00 1.410E+090
NI-63 1.830E+10 1.310E+09 6.330E+08 0.000E400 . D.000E+00 0.000E+00 2.730E+08
NI-6€5 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000£+00 0.000E+00

cu-84 0.000E+00 2.850E-07 1.390E-07 0.000E+00 - 7.450E-07 0.000E+00 2.520E-05

ZN-85 3.560E+08 1.130E+09 5.120E+08 - 0.000E+00 7.570E+08 0.000E+00 7.130E+08

ZN-63 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-82 0.000E+00 0.000E+00 0.000E +00 0.000E+00 0.000E+00 ©.000E+00 0.000E+400

BR-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-84 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00

" BR85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E-+00 0.000E+00

RB-88 0.000E+00 4.8B70E+08 2270E+08 0.000E+00 0.000E+00 C.000E+00 8.6006+07

RB-88 0.000E+00 ©0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E:+00 0.000E+00

RB-89 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ° .0.000E+00 0.000E+00 0.000E+00

SR-82 3.010E+08 0.C00E+00 8.650E+08 6.000E+00 0.000E+00 0.000E+00 4.B40E+07

. SR-90 1.240E+10 0.000E+00 3.050E408 0.000E+00 0.000E+00 0.000E+00 3.590E408

SR-91 0.000E£400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.380E-09

SR-82 0.000E+00 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00 0.000E+00 0.000E+00
Y80 1.070E402 0.000E+00 2.880E+00 0.000E+00 0.000E+00 0.000E+00 1.130E+06

Y-81M 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0,000E+00
Y-91 1.130E+06 0.000E+00 3.0306+04 0.000E+00 0.000E+00 0.000E+00 6.240E+08
Y-g2 0.000E+DD 0.000E+00 0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00
Y23 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ©0.000E+00 2.080E-07
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Gaseous Effluent Pathway Dose Factors °
GRASS-COW-MEAT DOSE FACTORS
ADULT
(m2*mrem/yr per uCi/sec)

Nuclids Bone Liver Thody Thyrold Kidney tung Gitract
ZRG5  1.830E+08  6O040E+0S  4.0005+05  0.000E+00  9.480E405  000CE+00  1.9105+08
ZR97 1.830E-05 3,690E-08 1.620E-08 0.000E#00 ' 5.380E-08  O0.000ES00  1.140E+00
NB-95 22005408  1.280E408 68605405  0.000E+00  1.280E¢08  0.000E$00  7.750E409
NB-07 0.000E+00  0.000E+0Q0  O0O0C0E+00  OQOOE+00  O.000E+00  0.000E+00  0.000E+00
MO-69 0.000S+00  1.000E+05  2070E+04  0.000E+00 24805405  O0.000E+00  2.520E+05
TC-93M 0.000E¢00  0.000E+00  OO000E+00  O0.000E+D0  O.000E+00  O000CE+00  0.00DE+00
TC-101 0.000E+00  O0.000E+00  O0.0C0E+00  O0.000E+00  O0.000E+00  0.000E+00  0.000E+00
RU-103 1.060E+08  0.000E+00  4.S50E+07  O.000E+00  4,030E408  O0OOCE*00  1.230E+10
RU-105 0.000E+00  0.000E+00  0.000E*00  O0.0CCE+00  0.000S+00  0.000E+00  0.000E+00
RU-108 2.800E+09  0.000E+00  3540E+08  0.000E¢00  S5.400E+09  OO0OCE+00  1.810E+14
RH-103M 0.000E+00  O0.000E+00  O0.000E+00  O.00E+00  O0.000E+00  0.000E+00  0.000E+00
RH-108 0.000E+00  0.000E+00  0.000E+00  O0.000E+00  O.000E+00  O0.000E+00  0.000E+00
-AG-110M 8.600E+08  B.190E+08  3.670E+06  0.000E+00  1.220E407  O0.0COE+00  2.520E+09
$B-122 5.580E+03  5.820E403  7.050E+04  9Q.250E402 27505403  {200EW03  5.330E405
SB-124 1.080E+09  3.740E+07  7.850E+08  4.800E+08  0.000E+00  1.540E+09  5.820E+10
$8-125 1.910E409  2130E+07  4.540E+08  1.940E+08  0.0005+00 14705409  2.100E+10
TE-125M 3.500E+08  1.300E+08  4.810E+07  1.080E+08  4.460E+09  O0000E+00  1.430E+09
TE-2TM 11205408  3.900E+08  1.350E+08  2850E408  4.530E408  0.000E+00  3.740E+09
TE127 0.000E+00  0.000E+00  0.000E+00  0.000E+00 1090509  0.0008+00  2.100£-08
TE-120M 11405409  4270E408  1.810E+08  3.930E+0B  4.770E+09  0000E+00  5.760E+09
TE-129 0.000E¢00  0.000E+00  O0.000E+00  O0.0005+00  0.000E+00  O0.000S+00  0.000E+00
TEM3IM  4510E+02  2210E+02  1.840E+02  3.500E+02 22405403  OOD0E+00  2.190E+04
TE-131 0.000E+00  0.000E+00  OO00E+00  O.000E400  O.000E+00  0.000E+400  0.000E+00
TE-132 14005408  Q.070E+05  BS510E+05  1.000E+08  B.730E408  DO00EW0D  4.200E+07
1130 2.350E-08 8.040E-08 2.7402-08 5.850E-04 1.080E-05 0.000E+00  5.980E-08
-131 1080E+407  1540E+07  B.S30E+08  5.050E409  2640E407  O000E+00  4.070E+08
132 0.000E+00  0.000E400  O0.000E+00  0.000E+00  D.000E+00  0.000E+00  0.00CE+00
1-133 4.300E-01 7ATOE-01 2.280€-01 11005402  1.300E+00  0.000E+00 6.7208-01
134 0.000E+00  0.00CE+00  0.000E+00  O0O000E+00  O.00CE+00 00005400  0.000E+00
1135 0.000£+00  0.00CE+00  0000E+00  O0.000E+00  O0.000S+00  0.000S+00  0.000E+00
C$-134 8.570E408  1.560E409  1.280E+09  OO00E+00  S.O60E+08  1.680E+08  2.T40E+07
cs-128 1180E+07  4.570E+07 33605407  O.000E+00  2.600E+07 35805406  5.300E+08
cs-1ar 8.720E+08  1.190E+09  7.810E408  0.000E+00  4.050E+08  1.380E+08  2.310E+07
C3-138 0.000E+00  O0.000E+00  0.000E+00  0.000E+00  0.0005+00 0.0005+00

0.000E+00
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. Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS
. -ADULT
(m2*mrem/yr per uClisec)

Nuclide Bone Liver * Thody Thyroid Kidney Lung Gltract
BA-139 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-140 2.880E+07 3.810E+04 1.8S0E+06 0.000E+00. 1.230E+04 2.0TOE+04 5.820E+07
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 D.000E+00 0.000E+0D 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 3.600E-02 1.810E-02 4.790E-03 0.000E+00 0.000E+00 0.0005+00 1.330E+03
LA-142 . 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE-141 1.400E+04 $.430E+03 1.080E+03 - 0.000E+00 4.400E+03 0.000E+00 3.620E407
CE-143 2.030E-02 1850E+01  1.710E-03 0.000E+00 6.800E-03 - 0.000E+D0 5.760E+02
CE-144 1.450E+06 6.090E+05 7.830E+04 0.000E+00 3.610E+05 0.000E+00 4.930E+08
PR-143 2.130E+04 8.540E+03 1.060E+03 0.000E+00 4.930E+03 0.000E+00  ©.330E+07
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E¢00
ND-147 7.080E+03 8.180E403 4.800E+02 0.000E+00  4.780E+03 0.000E+00 3.930E+07
EU-154 8.030E+06 9.870E+08 7.020E+05 0.C00E+00 4.T20E+08 0.000E+00 7.160E+08
EU-155 1.110E+06 1.580E+05 1.020E+05 0.000E+D0 7.300E+05 0.0QOE+OO 1.240E+08
wW-187 2.160E-02 1.810E-02 6.320E-03 0.000E+00 0.000E+00 0.000E+00 5.820E+00 .

. NP-239 2.560E-01 2.510E-02 1.390E-02 0.000E+00 7.840E-02 S.150E+03

0.000E+00
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS
: TEEN ‘
(m2*mrem/yr per uCi/sec)
Nuclide Bone Liver Thody Thyrold Kidney Lung Gitract
W3 0.000E+00 1.840E+402 1.840E+02 1.340E+02 1.940E+02 1.840E+02 1.540E402
C-14 2.810E+05 5.620E+04 B5.820E+04 3.820E+04 B.520E+04 3.820E+04 5.8205+04
NA-24 1.4708-03 1.4T0E-03 1.470E-03 1.4708-03 1.470E-03 1.470E-03 1A70E-03
P32 3.930E+08 2.440E+08 1.520E+08 0.000E+00 0.000E+00 0.000E+00 3.300E+08
CR-51 0.000E+00 D.0DCE+00 8.630E+03 3.140E+03 1.240E+03 8.070E+03 9.500E+05
MIN-54 0.000E+00 8.880E+06 1.380E+08 0.000E+00 2.050E+06 0.000=+00 1,430E407
MN-56 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
FE-55 2.380E+08 1.600E+08 . 3.930E+07 0.000E+00 0.000E+00 1.070E+08 7.300E+07
FE-59 2.130E+08 4.9B0E+08 1.9205+08 0.000E+00 0.000E+00 1.570E+08 1.190E+09
co-57 0.000E+00 4.530E+08 7.500E+08 0.0002+00 0.000E+00 0.000E+00 B.450E+07
cO-58 0.000E+00 14108407 3.250B+07 0.000E+00 0.000E+00 0.000E+00 1.040E+08
CO-50 0.000E+400 5.830E+07 1.310E+08 0.000E+00 0.000E+00 0.000E+00 7.600E+08
NI-63 1.520E+10 1.070E+09 5.150E+08 0.000E+00 0.000E+00 0.000E+00 1.7102+08
NI-65 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
cu-sd 0.000E+00 | 2410E07 1.4305-07 0.000E+00 8.1002-07 0.000E+00 1.870E05
IN-65 2.500E+08 8.690E+08 4.050E+08 0.000E+00 5.5608+08 0.000E+00 3.680E+08
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00
BR-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-34 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 - 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-88 0.000E+00 4.080E+08 1.910€+08 0.000E+00 0.000E+00 0.000E+00 8.010E407
RB-88 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00
RB-89 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-89 2.540E+08 0.000E+00 7.200E+08 0.000E+00 0.000E+00 0.000E+00-  3.030E407
SR-90 B.050E+09 0.000E+00 1.990E+09 0.000E+00 0.000E+00 0.000E+00 22605408
SR-91 0.000E+00°  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.100E-09
SR-92 0.00CE+00 0.000E+00  0.000E+00 ~ - 0,0005+00 0.000E+00 0.000E+00 0.000E+00
Y80 8.980E+01 0.000E+00 2.420E+00 0.000E400 0.000E+00 0.000E+00 7.400E+08
Y-91M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-91 9.560E+05 0.000E+00 2.560E+04 0.000E+00 0.000E+00 0.000E+00 3.920E+408
Y92 0.000E+00 0.000E+00 0.000E+00 0.000+400 0.00CE+00 0.000E+00 0.000400
Y-33 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

1.690E-07
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Gaseous Effjuent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS
TEEN
{mZ*mrem/fyr per uCifsec)

Nuclide Bona Liver Thody ‘Thyrold Kidney Lung Gltract
ZRE5 1.510E+06 4,760E+05 3.270E+05 0.000E+00 6.890E+05 0.000E+00 1:100E+09
ZR-97 1.530E-05 3.020E-06 1.390E-06 0.000E+00 4.560E-06 0.000E+00 8.180E-01
NB-85 1.790E+06 £.840E+05 B4T0E+05 0.000E+00 §.640E+05 0.000E+00 42505400
NE-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO-93 0.000E+00 8.080E+04 1.710E+D4 0.000E+00 2060E+05 0.000E+00 1.610E+05
TC-89M 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC-101 - 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 = E&.600E+07 0.000E+00 3.680E+07 0.000E+00 3.030E+08 0.000E+00 7.120E+09
RU-105 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-106 2.360E+09 0.000E+00 2070E+08 0.000E+00 4.550E+09 |, 0.000E+00 1.130E+11
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-108 ©.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 5.060E+06 4.790E+06 2.910E+06 0.000E+00 = 9.140E+06 0.000E+00 1.350E+09
SB-122 3.300E+03 3.440E+03 £AT0E+04 34G0E+02 - 1.620E+03 7.080E+02 4.100E+05
$8-124 "1.620E+08 2.830E+07 6.310E+08 3.670E+06 0.000E+00 1.410E+09 3.280E+10
$B-125 1.660E+08 1.710E+07 3.650E+08 1.450E+06 0.C00E+00 1.370E+00 1220E+10
TE-125M 3.030E+08 1.,000E+08 4.0650E+07 8.470E+07 0.000E+00 -~ 0.000E+00 8.840E+08
TE-12IM 0.410E+08 3.340E+08 1.120E+08 2.240E+08 3.820E+09 0.000E+00 2350E+09
TE-t27 0.000E+00 0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00 1.750E-08
TE-12SM £.580E+08 3.560E+08 1.520E408 3.080E408 4.010E409 0.000E+00 3.600E+09
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-131M 3.760E+02 1.800E+02  1.500E+02 2.710E+02 1,880E+03 0.000E+00 1450E+04
TE-131 0.000E+00  ~ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00
TE-132 1.150E406 7260E+05 6.840E+05 7.650E+05 6.970E+08 0.000E+00 2.300E407

130 1.820E06 5.480E-06 2.180E-06 4.470E-04 8.440E-06 0.000E400  ° 4.210E-06

131 8.950E+06 1.250E+07 6730E406  3.660E+0 2,160E+07 0.000E+00 2.480E+06

1132 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0-000E+00 0.C00E+00

133 3.550E-01 6.100E-01 1.850E-01 8.510E+01 1.070E+00 0.000E+00 4.610E-01

134 0.000E+00 0.000E+0D 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

135 0.000E+00 0.000E+00 0.000E+00 = 0.000E+00 0.000E+00 0.000E+00 0.000E+00
cs-134 5.230E+08 1.230E+09 5.T10E+08 0.000E+00 3.510E+08 1.490E+08 1.530E+07
CS-136 8.220E+06 3.630E+07 2.440E+07 0.000E+00 1.570E+07T 3.110E+06 2.920E+06
Cs-137 7.240E+08 = $.530E+08 3.360E+08 0.000E+00 3.280E+08 1.270E+08 1.370E+07
CS-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00
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Gaseous Effluent Pathway Dose Factors
GCRASS-COW-MEAT DOSE FACTORS
TEEN
(m2*mrem/yr par uCi/sec)
Nuclide Bone Liver Tbody Thyrald - Kidney Lung Gitract
BA-139 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-140 2.380E+07 2.910E+04 1.530E+08 0.000E+0D 9.8B0E+03 1.080E+04 3.670E+07
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00 0.000E~00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 2.960E-02 1.450E-02 3.870E-03 0.000E+00 0.000E+00 0.000E+00 8.350E+02
LA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE-141 1.180E+04 7.880E+03 9.030E+02 0.000E+00 3.700E+03 0.000E+00 22508407
CE-143 1.T60E-02 1.280E+01 1.430E-03 0.000E+00 5.740E-03 0.000E+00 3.850E+02
CE-144 1.230E+08 5.080E+05 8.600E+04 0.000E+00 3.040E+05 0.000E+00 3.090E+08
PR-143 1.790E+04 7.150E+03 8.920E+02 0.000E+00 4.160E+03 0.000E+00 5.900E+07
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00
ND-147 B.240E+03 8.700E+03 40B0E+02°  0.000E+00 3.980E+403 0.000E+00 2.450E+07
EU-154 8.000E+06 7.870E+05 5.540E+05 0.000E+00 3.520E408 ©0.000E+00 4.160E+08
EU-155 1.330E408  1.290E+05 7.970E+04 0.000E+00 §.030E+403 0.000E+09 7.380E+08
W-187 1.810E-02 1.4808-02 8.1708-03 0.000E+00  0.000E+00 0.000E+00 3.980E+00
NP-239 2.230E-01 2.110E-02 1.170E-02 0.000E+00 8.810E-02 0.000E+00 3.390E+03




Offsite Dose Calculation Manual Page 252 of 325
Revision 6 .
Attachment 12
Gaseous Effluent Pathway Dose Factors
- GRASS-COW-MEAT DOSE FACTORS
CHILD
(m2*mrem/yr per uClfsec)

Nuclide Bone Liver Thody Thyreld Kidney Lung Gltract
H3 0.000E400  2340E402  2.340E402 23405402  2.340EW02  2340E402 23405402
c-14 5.200E+05  1.060E405  1.060E+05  1.060E405  1.060E+05  1.060E+05  1.060E+05
NA-24 2.340E-03 2.340E-03 2.340E-03 2.340E-03 2.340E-03 2.340E-03 2.340E-03
P32 TAI0E+09  3.470E+408  2.850E+08  0000E400  0.000E+00  0.000E¢00  2050E+08
CR-51 0.000E+00  0.000E+00  8810E+03  4.850E403  1.340E+03  B930E403  4.670E405
MN-54 Q0005400  7890E405  2430E+05  0.000E400  2240E+056  0.000E400  B.J00E+06
- MN-55 0.000E+00  0000E+00  O0OCOE+00  0.Q00E+00  0.000E+00  QQ00E+00  0.000E+00
FE-55 4.5T0E+0B  2420E08 75106407  0.000E+00  D0.000E+00  1.370E408  4.400E+07
FE-59 ATEOE+08 61205408 3I0S50E406  O.000E400  OOO0E#00  1770E+08  6.370E+08
co-57 .000E+00 80205406 12005407  D.000E+00  0.000E+00  O.000E#00  4.850E+07
cO-58 0.000E+00  1.650E+07  6.040E+07  0.000E400  0.000E+00  O.000E+00  9.600E+07
co-60 OO00E+00  GS30E40? 20405408  OO00E+0D  DODOES00  O.000E400  3.840E+08
NI-E3 28105+10  1.560E+09  G910E408  D.000E#C0  O.000E+00 . OOODE400 4.080E+08
NI-65 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0000E+00  O0.000E400  0.000E+00
CuU-54 0.000E¢00  3.240E-07  1.960E-07  Q.000E400 - 7.820E07  O0.000EH00  1.520E-05
ZN-65 37G0E+08 . 1.000E403  E220E408  OODOE#00  G.300E+08  OOO0E#00  1.760E+08
ZN-69 0.000E+00  0.000E+00  0.000E+00  D.000E+00  0.000E+00  0.000E+00  0.000E+00
BR-82 0.000E+00  0.000E+00  0.000E+00  O0.000E+00  0.000E+00  0.000S+00  0.000E+00
BR-83 0.000E¢00  O0000E+00  O0O0OE+00  0.000E400  O0.000E+00  Q.000E400 - 0.000E+00
BR-84 0.000E+00  0000E+00  O.000E+00  0.000E+00  Q.000E+00  0.000EX00  0.0G0E+00
BR-85 0.000E+00  0.000E+00  0.000E+00  0.000E+00  D.000E+00 - 0.0005+00 . . 0.000E+00
RB-85 0000E+00  S5760E408  3.540E+08  0.000E400  0.000E+00 _ 0Q00E+00  3710E+07
_ RB-BS 0.000E400  0.000E+00  O0.000E400  0.000E+00  D.000E+00 0.000E+00 0.000E+00
RB-8 0.000E+00  0.000E+00  O.000E«00  0.000E+00  0.000E+00  0.000E400  0.000E+00
SR-89 4.820E+08  0.000E+00  1.350E+07  O0.000E+00  0.000E400  O0.000E+00  1.8805+07
SR-S0 1.040E+10  0.000E+00  2640E+08  Q.000E400  0.000E+00  0.000E+00 1.400E+08
SR-91 0.000E+00  0.000E+00  Q.000E+00  0.000E400  0.000E+00  0.000E400 1.010E-09
SR-92 0.000E+00  0.000E+00  O0.000E+00 00005400  0.000E+00  0.000E+00 0.000E+00
Y-80 1700E+02  O0000E400  4.550E+400  0.000E400  0.000E#00  Q.000EH00  4.840E+0S
Y-91im 0.000E+00  0.000E+00  0.000E+00  0.000E+00  O0,000E+400  0Q.000E+00  0,000E+00
Y01 1.810E+06  0.000E+00  4.830E+04  0O000E+00  O0.000E+00  O0.000E$00  2410E+08
Y82 0.000E+00  0.000E400  0.000E400  0.000E+00 . O0.000E+00  O.O000E400  0.000E+00
Y03 0.C00E400  0.000E+00  0.000E+00  0.000E+00  0.000E400 " 1.550E-07

0.000E+00



Offsits Dose Calculation Manual Page 253 of 325
Revision 6
Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS
CHILD
(m2*mremiyr per uClifsec)
Nuclide Bone Livor Thody Thyroid Kidney- Lung Gltract
ZR-95 2.6805+08 5.890E+05 5.240E+05 0.000E+00 8.430E+08 _0.000E-I-OO 6.140E+08
ZRST . 2.840E-03 4.100E-06 2.420E-08 0.000E+00 5,890E-08 0.000E+00 §.210E-01 -
NB-95 3.03CE+08 1.200E208 ~ 8.610E+05 0.00CE+00 1.13CE+06 0.000E+00 2.230E409
NB-97 0.000&+00 0.000E+00 0.000E+00 0.000E+00 0.000EH0 0.000E+00 0.000E+00
MO-9 0.000E+00 4.250E+05 3.090E+04 0.000E+00 2.670E+05 0.000E+00 1.030E+05
TC-95M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00°
RU-103 1.660E+08 0.000E+00 §.980E+07 0.000E+00 3.920E+08 0.00CE+00 4.020E+09
RU-105 0.000£+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-106 4.440E+09 0.000E+00 5.540E+08 0.000E+00 §,890E+09 0.000E+00 0.900E+10
RH-103M 0.000E+00 0.000E+00 0.000E+00.  0.000E+00 0.000E+00 0.000E+0D 0.000E+00
RH-108 0.000E+00 0.000E+00 0.0008+00 0.000E+00 _ 0.000E+DO 0.000E+00 0.000E+00
AG-110M 8.400E+08 5.8705+08 4. 5308408 0.000E+00 1.080E+07 0.000E+00 8.750E+08
$8-122 2.080E+03 2.170E+03 2.630E+04 3450E+02 1.020E+03 4 4B0E+02 2.580E+05
$5-124 2.930E+09 3.800E+07 1.030E+09 8.450E+08 0.000E+00 1.8620E+09 1.830E+10
$B-125 2.850E+09 2.190E+07 5.060E+08 2.840E+08 0.000E+00 1.500E+038 8.800E+03
TE-125M 5.690E+08 1.540E+08 7.590E+07 1.600E+08 0.000E+00 0.000E+00 5.400E+08
TE-127TM 1.770E+09 4,T80E+08 2.110E+08 4.240E+03 5.080E+09 0.000E+00 1.440E+409
TE27 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.210E-09 0.000E+00 1.660E-08
TE-120M 1.810E+09 5.040E+08 2.800E+08 5.820E+08 5.300E+09 0.000E+00 2.200E+09
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE131M 7.000E+02 2.420E+02 2.580E+02 4.980E+02 2.340E+03 0.00CE+00 9.820E+03
TEA3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 2.090E+08 9.2705+05 1.120E+08 1.350E+406 8.8008408 0.000E+00 9.3308+08
130 3.390E-06 6.350=-08 3.530E-08 7.540E-04 1.020E-05 0.000E+00 3.2005-06
134 1.680E+07 1.67CE+07 9.490E+08 5.52CE+09 2740E+07 0.000E+00 1.490E+08
132 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
-133 8.680E-01 8.260E-01 3.1208-01 1.530E+02 4.380E+00 0.000E+00 3.330E-01
134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-135 0.000E+00 0.000E+00 0.000E+00 0.000EfOO 0.000E+00Q 0.000E+00 0.000E+00
CS-134 9.220E+08 1.510E+09 3.190E+08 0.000E+00 4.600E+08 1.880E+08 8.150E+08
CS-138 1.590E+07 4.370E+07 2.330E407 0.000E+00 2.330EH07 SAT0E+08 1.540E+08
CS-137 1.330E+09 1.280E+09 1.880E+08 0.000E+00 4.130E+08 1.500E+08 7.950E+08
C8-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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. Gaseous Effluent Pathway Dose Factors
) GRASS-COW-MEAT DOSE FACTORS
CHILD
(m2*mrem/yr per uCi/sec)

Nuellde Bona Liver Thody " Thyrold Kidney Lung Gltract
BA-139 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+0C  ° (0.000E+00 0.000E+00
BA-140 4.350E+07 3.850E+04 2.560E406 0.000E+00 1.250E+04 2.290E+04 2.220E+07
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+00 C.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 5.410E-02 1.800E-02 6.380E-03 0.000E+00 0.000E+00 0.000E+00 §.270E+02
LA-142 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE-141 2.220E+04 1.110E+04 1.640E403 0.000E+00 4.840E+03 0.000E+00 1.380E+407
CE-143 3.300E-02 1.7S0E+01 2.650E-03 0.000E+00 7.510E-03 0.000E+00 2.620E+02
CE-144 2.320E+06 7.260E405 1.240E405 0.000E+00 4,020E405 0.000E+00 1.890E+08
PR-143 3.390E+04 1.020E+04 1.680E+03 0.000E+00 5.510E+03 0.000E+00 3.660E+07
PR-144 0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 1.470E+04 9.480E+03 7.340E+02 0.000E+00 5.200E+03 0.000E+00 1.500E+07
EU-154 1.120E+407 1.010E406  ©.190E+05 0.000E+00 4.420E+06 0.000E+00 2.34DE+08 -
EU-155 2.330E+06 1.680E+05 1.310E+405 0.000E+00 6.280E+05 0.000E+00.  4.200E+08
w-187 S360E02  1.800E0Z 8.820E03 0.000E+00 0.000E+00 0.000E+00 2.7905+00

. NP-239 4.200E-01 3.020E-02 2.120E-02 0.000E+00 8.730E-02 2.230E+03

0.000E+00
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. Gaseous Effiuent Pathway Dose Factors
GRASS-COW-MEAT DOSE FACTORS
INFANT
{mZ*mramiyr per uCl/sec)
Nucilde Bons Liver Thody Thyroid ‘Kldney Lung Gltract

THIS PATHWAY IS NOT APPLICABLE
TABLE INTENTIONALLY LEFT BLANK
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. Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
ADULT
(m2*mremfyr per uCl/sec)
Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract
H-3 0.000E+00 2.260E+03 2.260E+03 2.260E+03 2.260E+03 2.280E+03 © 2,260E+03
C-14 8.870E+05 1.760E+05 1.790E+05 1.7€0E+05 1.790§+05 1.790E+05 1.760E+05
NA-24 2.760E+03 2.760E+05 2.760E+05 2.760E+05 2.760E405 2.760E+05 2.760E+05
P-32 1.400E+00 8.730E+07 5.420E+07 0.000E+00 0.000E+00 0.000E+00 1.580E+08
CR-51 0.000E+00 0.000E+00 4.660E+04 2.780E+04 1.030E+04 6.180E+04 1.170S+07
MN-54 0.000E+00 3.110E+08 5.940E+07 0.000E+00 £.270E+07 0.000E+00 9.540E+08
MN-86 0.000E+00 1.610E+01 2.850E+00 0.000E+00 2.040E+01 0.000E+00 §.130E+02
FE-55 2.090E+08 1450E+08 33T0E+07 0.000E+00 0.000E+00 8.060E+07 8.200E+07
FE-59 1.270E+08 2.8S0E+08 1.140E+08 0.000E+00 0.000E+00 €350E+)7  ©.950E+06
CO-57 0.000E+00 1.170E+07 1.950E+07 0.000E+00 0.000E+00 0.000E+00 2.570E+08
CO-58 0.000E+00 3.000E+07 6.020E+07 0.000E+00 0.000E+00 0.000E+00 B.260E+08
CO-60 0.000E+00 1.670E+08 3.690E+08 €.C00E+00 0.000E+00 0.000E+00 3.140EH9
Ni-63 1.040E+10 7.210E+08 3.490E+08 0.000E+00 0.000E+00 0.000E+00 1.500E+08
NI-6S €.150E+01 = 7.890E+00 3.650E+00 0.000E+00 0.000E+00 0.000E+00 2,030E+02
, CuU-64 0.000E+00 8.270E+03 4350403 0.000E+00 2.340E+04 0.000E+00 7.900E+05
. IN-65 3.170E+08 1.010E+00 4.560E+08 0.000E+00 6.750E+08 0.000E+00 6.360E+08
ZN-89 8.750E-06 1,670E-05 1.160E-08 0.000E+00 1.090E-05 0.000E+00 2.510E-06
BR-82 0.000E+0D0 0.000E+00 1510E+06 0.000E+00 0.000E+00 0.000E+00 1.730E+06
BR-83 0.000E+00 0.000E+00 3.210E+00 0.000E+00 0.000E+00 0.000E+00 4.630E+00
8R-84 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00
BR-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-8S 0.000E+00 2.190E+08 1.020E+08 0.000E+00 0.000E+00 0.000E+00 4.320E+07
RB-88 0.00DE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00
RB-89 0.000E+00 0.000E+00 0.000E+00 ©  0.000E+00 0.000E+00 ., 0.000E+00 0.000E+00
SR-89 B.080E+09 0.000E+00 2.830E+08 0.000E+00 0.000E+00 0.000E+00 1.600E+09
SR-20 €.0505+11 0.000E+00 1.480E+11 0.000E+Q0 0.000E+00 0.000E+00 1.750E+10
SR-g1 3.200E+05 0.000E+00 1.200E+04 0.000E+00 0.000E+00 0.000E+00 1.520E406
SR-82 4.270E+02 0.000E+00 1.850E+01 0.000E+00 0.000E+00 0.000E+00 8.460E+03
¥-80 1.330E+04 0.000E+00 3.560E+02 0.000E+400 0.000E+00  0.000E+00 1.410E+08
Y-01M 6.830E-09 0:000&*00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.710E-08
Y51 5.130E+06 0.000E+00 1.370E+05 0.000E+00 0.000E+00 0.000E+00 2.820E+09
Y-62 6.010E-01 0.000E+00 2.630E-02 0.000E+00 0.000E+0Q 0.000E+00 1.580E+04
Y-83 1.740E+02 0000E+00 .  4.800E+00 0.000E+00 0.000E400  O0.000E+00 §.520E+06
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. Gaseous Effluent Pathway Dose Faclors
VEGETATION DOSE FACTORS
ADULT
(m2*mremiyr per uCi/sec)

Nuclids Bone Liver Thody Thyrold Kidney Lung Gltract
ZR95 1.190E+08 A.B10E+05 2.580E+05 0.000E+00 5.970E+05 0.000E+00 1.210E+09
ZR-97 _3,330E+02 8.730E+01 3.080E+01 D.000E+00 1.020E+02 0.000E+00 2.0805+407
NB-85 1.420E+05 7.910E+04 4.250E+04 0.000E+00 7.810E+04 0.000E+00 4.800E+08
NB-97 2.900E-08 7.340E-07 2.680E-07 0.000E+00 8.560E-07 0.000E+00 2.710E-03
MO-99 0.000E+00 6.250E+08 1.190E+08 0.000E+00 1.410E207 0.000E+00 14505+07
TC-85M 3.060E+00 8.660E+00 1.100E+02 0.000E+00 1.320E+02 4.240E+00 5.120E+03
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00 0.000£+00
RU-103 4.800E+06 0.000E+00 2070E+08  ° 0.000E+00 1.830E+07 0.000E+00 5.810E+08
RU-105 8.390E+01 0.000E+00 2.130E+01 0.000E+00 8.960E+02 0.000E+00 3.300E+04
RU-108 1.930E+08 0.000E+00 2.440E4+07 0.000E+00 3.720E+08 0.000E+00 1.250E+10
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 1.060E+07 9,760E+08 5.800E+08 0.000E+00 1.920E+07 0.000E+00 3.980E+09
SB-122 7.500E+05 78205405  QATOE+08 1.240E405 3.690E+05 1.610E+08 9.320E+07
$B-124 1.040E408  1.960E+08  4.190E+07 2.520E405  0.000E+00 8.080E+07 2.950E+09
. SB-125 1.360E+08 1,520E+06 3.250E+07 1.390E+05 0.000E+00 1.050E+08 1.500E+09

TE-125M B.660E+07 3.500E+07 1.200E+07 2.800E+07 3.930E+08 0.000E+00 3.860E+08
TE-127TM 3.490E+03 1.250E+08 4.280E+07 8.920E+07 1.420E+09 0.000E+00 1.170E+09

TE-127 5.760E+03 2.070E403 1.250E+03 42708+03 2.350E+04 0.000E+00 4.540E+05
TE-120M 2.550E+08 9.500E+07 4.030E+07 8.750E+07 1.060E+03 . 0.000E+00 1.280E+09
TE-129 8.6505-04 2.5008-04 1.620E-04 5.100E-04 2.790E-03 0.000E+00 5.020E-04
TE-131M 9.120E+05 4.460E+05 3.7208+03 7.060E+05 4.520E+08 0.000E+00 4.4302+07
TE-131 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400
TE-132 4.290E+08 2.TT0E+08 2.500E+08 3.060E+08 2870407 0.000E+00 1.310E+08
130 3.980E405 .  1.170E+08 4.610E+03 9.000E+07 1.820E+08 0.000E+00 1.010E+08
134 8.090E+07 1,150E+03 8.830E+07 3.790E+10 1.980E408 0.000E+00 3.050E+07
=132 §.740E+01 1.340E+02 5.380E+04 5.380E+03 24508402 0.000E+00 2.300E+01
133 2.120E+08 3.600E408 1.120E+08 5.420E+08 8.440E+08 0.000E+00 3.31054+08
134 1.060E-04 2.880E-04 1.0305-04 5.000E-03 4.500E-04 0.000E+00 2.510E-07
1135 4.0805+04 1.0705+05 3.940E+04 7.040E408 1.710E+05 0.000E+00 1.210E+05
C3-134 4.660E+09 1.110E+10 9.070E+09 0.000E+00 3.500E+09 1.190E+09 1.940E+08
Cs-138 4.200E+07 1.660E+08 1.190E+08 0.000E+00 D.240E+07 1.270E+07 1.890E+07
- €8-137 8.360E+09 8.700E+09 8.700E+09 0.000E+00 2.950E+09 9.810E+08 1.680E+08
. C$-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000=+00 . 0.000E+00 0.000E+00
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VEGETATION DOSE FACTORS
- ADULT
(m2*'mremfyr per uCifsec)

Nuclide Bone Uiver Thody Thyreid Kidney “Lung Gltract
BA-139 2850E-02  2.100E-05 8640E04  0.000E+00 1,860E-05 1.180E-05 £6.230E-02
BA-140 1.200E408  1.620E+405  B430E+06  O0.000E+00  54G0E+04 9.250E+04  2.650E+08
BA-144 D.000E+00  D.OO00E+00  0.000E+0D  0.000E+00 0.000E+00  0.000E400  0.000E+00
BA-142 D.O00E+00  00Q0E+00  OQ.000E+00  0.000E+00 0.000E+00  0.000E+00  0.0006400
LA-140 19705403  ©920E402 26205402  0.000E+00 0.000E+00  0.000E+00 7.280E407
LA-142 1.400E-04 6.350E-05  1.580E-05 0.000E+00 0.000E400  0.000E+00 A.640E-01
CE-141 1.860E405 1.330E+05  1.610E+04  0.000E+00 6470E+04  0.000E+00 6.080E+08
CE-143 1.000E403  7420E+05  B210E+01 0.000E+00  3.260E+02  DOOOE+00  2.770E407
CE-144 32905407 1.380E+07 1J70E+06  0.000E+00 BMEOE+0S  0.000E+00 1.110E+10
PR-143 6.340E+04  2540E+04  3.140E+03  0.000E+00 1ATO0E+04  OQ00E+00  2.780E+08
PR-144 0.000E+00  0.000E+00  0.000E400  0.000E+00 OO00E+00  0.000EHI0  0.000E+00
ND-147 3.340E+04  3860E+04  2.310E+03 0.000E+00 2250E+04  O0.0Q0E+00°  1.850E+08 -
EU154 ASS0EM07  EOTORS06  4250E¢06  OQOOE*00  2660E+407  O0O00E400  4.320E+08
EU-158 B.710E+06  8.510E+05  6.440E+05  0.000E+00 ~ “"4.3%0E+06  O0.000E+00 7AS0E+08
W-187 .3.820E404  3.90E404 4.420E404  0.000E+00 0.000E+00  0.000E400 - 1.050E+07
NP-238  1.420E+03 1400E+02  7.720E+01 0.000E+00 4.370E+02 2.870E+07

0.000E+00
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VEGETATION DOSE FACTORS
TEEN
{mZ*'mrem/fyr per uCl/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
Ha 0000E+00  2.530E+03 2.5005+03 2590E+03 2.500E+03 250CE+03  2500E+03
c14 14508408  2510E+05  2910+05 2910E+05  2.910E¢05 2.910E+05 2.910E+05

NA-24 24505405  2450E+05 24505405 2450E408  24502¢05  2.450E+05 2450E405
P-32 1.610E409 9.950E+07 B230E+07 0.000E+00  0.000E+00 0.000E+00 1.350E+08
CR-51 0000E+00  0.000E+00  6.200E+C4 3440E404  1.360E+04 8.350E+04 1.040E+07
MN-54 0000E+00  4.520E+408 8.570E+07 0.0008+00 1.350E+08 0.000E+00 9.270E+03
MN-58 0.000E+00 1.450E+01 2.580E400 0.000E+00 1.830E+01 0.000E+00 9.540E402
FE-55 3.250E+08  2.310E+08 8.380E+07 0.000E+00  0.000E+00 14S0E408  ° 9,980E+07
FESS - 1.810E+08  4220E+08  1.630E408  OO000E*00  QO0OE#00  1230E08  0.080E+08
co-57 0.000E+00 1.790E+07 3.000E+07 0.000E+00 0.000E+00 0.000E+00 3,340E+08
co58 0000E+00  4.380E+07 10105408  0.000E400  0.000E+00 0.000E+00 6.0408+08
C0-50 0.000E400  2490E+08 5.600E+08 0.000E400  0.000E+00 0.000E+00 3.240E+09
N-83 1.510E+10 1.130E+09 5.450E408 0000E+00  0.000E+00 0.000E+00 1.810E+08
NI-85 8.7T30E+01 7.320E400 3,330E+00 0.000E+00 0.000E+00 0.000E+00 A.970E+02
. cu-64 0.0C0E+Q0  8.400E+03 3.950E+03 0.000E400 ©  2,120E+04 0.0005+00 8.5108+05
. 2N-85 4240E+08  1470E+09 8.850E408  0.000E+00 9.410E403 0.000E+00 8.230E+08
2N-89 8.190E-08 1.580E.05 1.000E-08 0.000E+00 1.020E05 0.0005+00 2 880E-05
BR-82 0.0005+00  0.000E+00 1.330E+08  O0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E400  0.000E+00 3010E400  OQ00E+00  0.000E+00 0.0005+00 0.000E+00
BR-84 0.000E+00  0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-85 0000E+00  GCOOCE+00  0.000E+00 0000E+00  0.000E+00 0.000E+00 0.0005+00
RB-58" 0.0005+00  2.730E+08 1.280E+08 0.000E+00 0.000E+00 0.000E+00  4.050E+07
RB-88 0.000E+00  0.000E+00 0.000E+00 0.000E+00  (.000E+00 0.000E+00 0.000E+00
RB-89 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.0005+00 0.000E+00 0.000E+00
SR-89 1510E+10  OO000E+00  4.330E+08  0.000E+00 0.000£+00 0.000E+00 1.800E+09
SR-90 7.310E+11  0.000E400 1.8502+11 0.000E+00 0.000E+00 0.000E+00  2,110E+10
SR91 2890E+05  0.000E+00 1.190E+04 0000400  0.000E+00 0.000E+00 1.360E408
SR-92 38705402  0.000E+00 1.650E+01 0.000E+00 . 0.0002+00 0.000E+00 1.010E+04

- ¥-90 1.240E+04  0.000E+00 3.340E+02 O.000E+00  0.000E+00 0.000E+00 1.020£+08

YoM 5.430E-09 0.000E+00 0.000E+00  0.000E+00  0.000E+00 0.000E+00 2.560E-07
¥-91 T.BT0E+08  0.000E400  2.41CE+08 0.000E+00  0.000E+00 0.000E+00  3.230E+09
Y-82 8.470E-01 0.000E+00 2.450E-02 0.000E+00  0.000E+00 0.000E+00  2.320E+04
Y-03 1.830E+02  0.000E+00  4.470E+00 0.000E+0D  0.000E+00 0.000E+00  4.850E+0B
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VEGETATION DOSE FACTORS
. TEEN
(m2'mremlyr per uCifsec)
Nucfide Bone Liver . Thody . Thyrold Kidney Lung Gltract
ZR95 1.740E+06 SAQ0E+05 3.780E+05 ~ 0.000E+00 8.070E+05 0.000E+00 1.270E+09
ZR-97 3.030E+02 6.110E+01 2.810+01 0.000E+00 9.260E+01 0.000E+00 1.650E+07
NB-95 1.820E+05 1.060E+05 5.860E+04 0.000E+00 1.030E+05 0.000E+00 4.550E+08
NB97 2.690E-06 8.670E07 2440507 0.000E+00 7.800E-07 0.000E+00 1.590E-02
MO-89 0.000E+00 8.740E+06 1.000E+06 0.000E+00 1.310E+07 0.000E+00 1.030E+7
TC-gM 2.700E+00 7.540E+00 8.770E+01 0.000E+00 1.120E+02 4.150E+00 4.950E+03
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.600E+00
RU-103 6.870E+06 0.000E+00 2.540E+06 0.000E+00 | 24205407 0.000E+00 S.740E+08
RU-105 5.000E+01 0.000E+00 1.840E+01 0.000E+00 6.3105+02 0.000E+00 4.040E+04
RU-106 3.060E+08 0.000E+00 3.800E+07 0.000E+00 5.870E+08 0.000E+00 1.480E+10
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+0D 0.000E+00 0.000E+00 0.000E+00
RH-108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 1.520E+07 1.440E+07 8.740E+06 0.000E+00 2.740E+07 0.000E+00 4.040E+09
SB-122 4.920E405 5.A30E+05  6.220E405 8.150E+04 2.420E405 1.060E+05 " * B120E407
£B-124 1.550E+08 2.850E+06 6.030E+07 3.510E405 0.000E+00 1.350E+08 3.110E409
$B-125 2140E+08  2340E406  BOOOE+07  2040E405  0.000E+00  1.880E408  1.660E+00
TE-125M 1A480E+08 5.340E+07 1.880E+07 4.140E+07 0.000E+00 0.000E+00 4.370E+08
TE-127M 5E510E+08 = 1.950E+08 ©€.550E+07 1.310E+08 2.240E+03 0.000E+00 1,370E+00
TE12Z7 5.430E+03 1.620E+03 1.470E+03 3.740E+03 2.200E+04 0.000E+00 4.190E+053
TE-120M 3.670E+08 1.360E+08 5.810E+07 1.180E+08 1.540E+08 0.000E+00 1.380E+09
TE-129 €.220E-04 2.320E-04 1.510E-04 4.450E-04 2.610E-03 0.000E+00 3.400E-03
TE-131M 8.440E+05 4.050E+05 3.380E405 €.090E+05 4.220E+06 0.000E+00 32502407
TE-13% 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 3.900E+06 2.470E+06 2.320E+06 2.600E+06 2.370E+07 0.000E+00 7.820E407
130 3.540E+05 1.020E+06 4.050E+05 8.350E+07 1.5B0E+06  0.000E+0D 7.870E405
13t 7.700E+07 1.080E+08 6.780E+07 3.140E+10 1.850E+08 0.000E+00 2.130E+07
1132 5.180E+401 1.360E+02 4.870E+01 4.570E+03 2.140E+02 0.000£+00 5.910E401
133 1.970E+06 3.340E+06 1.020E+06 4.660E+08 §.850E+06 0.000E+00 2.530E+406
F134  0.500E-05 2.540E-04 9.1305-05 4.240E-03 4.010E-04 0.000E+00 3.350E-06
135 3.680E+04 9.480E+04 3.520E+04 6.100E+06 1.500E+05 0.000E+00 1.050E405
CS-134 7.0S0E+09 1.670E+10 7.T40E+09 0.000E+00 6.300E+09 2.020E+08 2.080E408
Cs-136 4.250E+07 1.690E+08 1.130E408 ©0.000E+00 $.100E+07 1.450E+07- 1.360E+07
CS-137 1.010E+10 1.350E+10 4.690E+09 0.000E+00 4.580E+08 1.T80E+)S 1.820E+08
cs-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

0.000E+00
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Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
TEEN
(m2*mrem/yr per uCi/sec)

Nuclids Bone Liver Thody Thyrold . Kldney Lung Gltract
BA-139 2.770E-02 1.950E-05 8.080E-04 0.000E+00 1.840E-05 1.340E-05 2.470E-01
BA-140 1.380E+08 1.690E+05 = 8.910E+08 0.000E+00 5.730E+04 1.140E+05 2.130E+08
BA-141 0.000E+00 0000E4I0  OO00E400 - 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA142 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
" LA140 1.800E+03 8.840E+02 2.350E+02 0.000E+00  D.ODDE+DO0 0.000E+00 5.080E+07
LA-142 '1.280E-04 5,690E-05 1.420E-05 0.000E+00 0.000E+00 0.000E+00 1.730E+00
CE-141 2.820E+05 1.880E+05 2.160E+04 0.000E+00 8.880E+04 0.000£+00 5.380E+08
CE-143 9.370E+02 6.820E+05 7.620E+01 0.000E+00 3.060E+02 0.000E+00 2.050E+07
CE-144 5.2T0E+07 2.180E+07 2.330E+08 0.000E+00 1.300E+07 0.000E+00  1.330E+10
PR-143 7.120E+04 2.840E+04 3.5508+03 0.000E+00 1.650E+04 0.000E+00 2.340E+08
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 3.630E+04 3.540E+04 2.360E+03 0.000E+00 2.320E+04 0.000E+00 1.420E+08
EU-154 7.050E+07 9.120E+08 8.430E+08 0.000E+00 4,080E+07 0.000E+00 4,820E+09
EU-155 . 1.540E+07 1.480E+08 - 9.190E+05 0.000E+00 8.800E+06 0.000E+00 8.510E+09
w-187 3.550E+04 2.900E404 .  1.0205404  0.000E+0D 0.000E+00 0.000E+00 7.840E+08
NP-239 1.3805+03  1.300E402  7.240E+01 0.000E+00 4.090E+02 0.000E+00 2.100E+07




.

Offsite Dose Calculation Manual Page 262 of 325
Revision 6 .
B Attachment 12 -
. Gaseous Effluent Pathway Dose Factors
"VEGETATION DOSE FACTORS
CHILD
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract
H3 . 0.000E+00 4.010E+03 4.010E+03 4.010E+03 4,010E+03 4.010E+03 4.010E+03
C-14 3.500E+06 7.010E+05 7.010E+05 7.010E+05 7.010E+05 70106405 7.010E+05

NA-24 3.830E405 3.830E+05 3.830E+05 3.830E+05 3.830E+05 3.830E+05 3.830E+05
P32 3.370E+09 1.580E+08 1.300E+08 0.000E+00 0.000E+00 0.000E+00 9.300E+407

CR-51 0.000E+00 0.000E+00 1.480E+05 6.540E+04 1.750E+04 1.160E+05 6.250E+06

MN-54 0.000E+00 6.610E+08 1.760E+08 0.0006+00 1.850E+08 0.000E+00 £.550E408

MN-56 0.000E+00 1.900E+01 4280E+00 0.000E+00 2.200E+01 0.000E+00 2.750E403
FE-55 8.000E+08 4.240E408 1.310E+08 0.000E+00 -  0.000E+00 2.400E+08 7.850E+07
FE-59 £.010E+08 64S0E+08  3.230E+08 0.000E+00 0.000E+00 1850E408  6.760E408

co-57 0.000E+00 2090E407  €040E+07 ° D.000E+00 0.000E+00 0.000E+00 2.450E408

co-58 0.000E+00 BATOE+07 . 1.680E+08 0.000E+00 0.000E+00 0.000E+00 3.770E+08
cO-80 - 0.000E+00 3.780E+08 1.120E+08 0.0005+00 0.000E+00 0.000E+00 2.100E+09
NI-63 3.950E+10 2.110E+09 1.340E+09 0.000E+00 0.000E+00 0.000E+00 1.420E408
NI-65 1.050E+402  9890E+00  S5770E+00  OO000E+00  O00CE400  OCOOE+00 12105403
cu-64 0.000E+00 1.110E+04 6.690E+03 0.000E+00 2.880E+04 0.000E+00 5.200E405
. ZN-8S 8.120E+08 2,160E409 1.350E¢09 ~  0.000E+00 1.360E+09 0.000E+00 3.800E+08

ZN-69 151005 2.180E-05 2.0206-06 0.000E+00 1.320E-05 0.000E+00 1.380E-03

BR-82 0.000E+00  O.000E+0D  2040E+06  0.000E+00  O0.000E+00 ~ O0.000E400  0.000E+00

BR-83 0.000E+00 0.000E+00 5.550E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+C0

BR-84 0.000E+00 0.000E+00  G.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-85 0.000E+00 0.000€+00 0.000E+00 0.000E+00 0.000E400  0.000E+00 0.000E+00

RB-85 C.000E+00  4.520E+08 2.760E+08 0.000E+00 0.000E+00 0.000E+00 2.910E407 -

RB8S -  0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
RB-89 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400
SR-B¢ 3.550E+10 0.000E+00 1.030E+09 0.000E+00 0.000E+00 0.000E+00  1.390E+09
SR-90 1.2406+12 0.000E+00 3460E+11 0.000E+00 0.000E+00 0.000E+00 1.670E+10

SR-81 5.500E+05 0.000E40D  2.080E+04 0.000E+00 0.000E+00 0.000E+00 1.210E+06
SR-62  7.2B0E402 0.000E+00 2.620E+01 0.000E+00 0.000E+00 0.000E+00 1.380E+04
Y-80 2.300E+04 0.000E+00 6.170E+02 0.000E+00 - 0.000E+00 0.000E+00 6.560E+07

Y-81M 9.840E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.850E-05
Y51 18705407 0.000E+00 5.010E405 0.000E+00 - O0.000E400  0.000E+00 2A90E+09
Y92 1.560E+00 0.0005+00 4.450E-02 0.000E+00 0.000E+00 0.000E+00 4.510E+04
Y43 3.0106+02 0.000E+00 £.250E+00 0.000E+00 0.000E+00 0.000E+00 4.480E406
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Gaseous Effluent Pathway Doss Factors-
VEGETATION DOSE FACTORS
CHILD
(m2*mremfyr per uCl/sec)
Nucikis Bone Liver Thody Thyrold Kidney tung Gltract
ZR-95 3.900E+08 8.580E+05 7.840E+05 0.000E+00 1.230E+08 0.000E+00 8.950E+08
ZR-97 5.840E+02 8.1505+01 4.810E+0% 0.000E+00 1.470E+02 0.000E+00 1.230E+07
NB-95 4.100E+05 1.590E+05 1.140E+05 0.000E+00 1.500E+05 0.000E+00 2.950E+08
NB-97 4.900E-08 8.850E-07 4,130E-07 0.000E+00 . 9.820E-07 0.000E+00 2.730E-01
MO-53 0.000E+00 7.830E+08 1.940E+08 0.000E+00 1.870E+07 0.000E+00 8.4B0E+08
TC-95M 4.550E+00 9.120E+00 1.510E+02 0.000E+00 1.330E+02 4.6305+00 5.190E+03
TC-101 0.000E+00 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00
RU-103 1.550E+07 0.000E+00 5.540E+08 0.000E+00 3.39084+07 0.000E+00 3.990E+08
 RU-105 9.170E+01 0.000E+00 3.330E401 0.000E+00 8.060E+02 0.000E+00 3.980E+04 .
. RU-108. 7.450E+08 0.000E+00 9.300E+07 0.000E+00 1.010E+09 0.000E+00 1.1608+10
RH-103M 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.0005+00 0.000E+00
RH-106 0.000£+00 0.000E+00 0.0002+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00
AG-110M 32208407  2470E+07 1.740E+07 0.000E+00 4.050E+07 - 0.000E+00 2.580E+09
$B-122 3.050E+05 3.180E+03 3.830E+08 5.050E+04 1.500E+05 6.540E+04 3.790E+07
§B-124 3.5205+08 ASI0E+08  1.230E+08 7.780E+03 0.000E+00 1.960E+08 2.200E+09
SB-125 4.990E+08 3.850E+08 1.050E+09 4.620E+05 0.000E+00  2.780E+08 1.190E+09
TE-125M 3.510E+08 9.500E+07 4.870E+07 9.840E+07 0.000E+00 0.000E+00 3.380E+08
TE-127M 1.320E+09 3.550E+08 1.570E+08 3.460E+08 3.T70E+09 0.000£+00 1.070E+09
TE-127 1.000E+04 2.700E+03 2.150E+03 8.930E+03 2.850E+04 0.000E+00 3.910E+05
TE-129M 8.340E+08 2.39CE+08 1.330E+08 2.750E+08 2.510E+09 0.000E+00 1.D40E+09
TE-129 1.150E-03 3.220E-04 2.7T40E-04 8.220E-04 3.370E-03 0.000E+00 7.1705-02
TE-131M 1.540E+08 5.330E+05 5.680E+05 1.100E+08 5.160E+08 0.000E+00 2.160E+07
TE-131 0.000E+00 -  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 8.980E+08 3.090E+08 3.730E+08 4.500E+08 2.870E+07 0.000E+00 3AWEHT
130 6.210E+03 1.260E+08 84705405 1.380E+08 1.880E+08 0.000E+00 5.370E+05
131 1.430E+08 1.440E408 . 8.180E+07 4760E+10  2.360E+08 0.00CE+00  1.280E+07
132 9.200E+01°  1.890E+02 7.770E+01 7.840E+03 2.500E+02 0.000E+00 1.8908+02
+133 3.530E+08 4.480E+C8 {.680E+08 = 8.250E+08 7ADCE+08 0.000E+00 4.790E308
1134 4.700E-04 3.160E-04 -1.480E-04 7.280E-03 4.B40E-04 0.000E+00 2,100E-04
1135 6.540E+04 1.180E+05 5.570E+04 1.040E+07 1.8105+03 0.000E+00 8.980E+04
CS-134 1.500E+10 2.630E+10 5.540E+09 0.000E+00 8.140E+09 2.920E+09 1.420E408
Cs-138 8.0680E+07 2.2208+08 1.430E+08 0.000E+00 1.180E+08 1.760E+07 7.790E+08
CS-137 2.390E+10 2.290E+10 3.380E+09 0.000E+00 7.460E+09 2.680E+09 1.430E+08
. CS138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000£+00 0.000E+00
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Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
CHILD
(m2*‘mrem/yr per uCi/sec)
Nuclide Bone Liver " Toody Thyroid Kidney Lung Gltract
BA-139 £.110E-02 2.730E-05 1.480E-03 0.000E+00 2.380E-05 1.610E-05 2.950E+00
BA-140 2.770E+08 2.430E+05 1.620E407 0.000E+00 7.900E+04~  "1.450E+05 1.400E+08
BA-141 D.0COE+00  _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.0D0E+0D 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 3.230E+03 1.130E+03 3.810E¢02 0.000E+00 0.000E+00 0.000E+00 3.150E+07
LA-142 2.320E-04 7.400E-05 2.320E-08 0.000E+0D 0.000E+00 0.000E+00 1.470E+01
CE-144 6.350E+05 3.260E+05 4.840E+04 0.000E+00 1.430E405 0.000E+00 4.070E+06
CE-143 1.730E+03 ©.380E+05 1.360E+02 0.000E+00 3.930E+02 0.000E+00 1.370E407
CE-144 1.270E+08 3.880E+07 6.780E+06 0.000E+00 2.210E407 0.000E+00  1.040E+10
PR-143 1480E+05  4.460E+04 7.3705+03 0.000E+00 2.410E+04 0.000E+00 1.600E+08
PR-144 0.000E+00 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 ~  0.000E+00 0.000E+00
ND-147 7.160E+04 5.800E+04 4.450E+03 0.000E+00 3.180E+04 0.000E+00 9.180E407
EU-154 1.650E+08 1.500E+07 1.870E+07 0.000E+00 6.570E+07 0.000E+00 3A4B0E+09
EU-155 3.440E+07 2.480E+06 1.840E+06 0.000E+00 ©.260E+406 0.000E+00 6.200E+09
W-187 64705404 - 3.830E+04 1.720E+04 0.000E+00 0.000E+00 0.000E+00 5.330E+06
NP-239 2.550E+03 1.830E+02 1.250E+02 0.000E+00 5.300E+02 0.000E+00 1.360E+07
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INFANT
(m2*mremiyr per uCifsec)
Nuclida Bone Liver Toody Thyrold Kidney
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Gaseous Effluent Pathway Dose Factors
GROUND PLANE DOSE FACTORS
TEEN
(m2*mrem/yr per uCifsec)
Nuciide Bons Liver Thody Thyrold Kidney Lung Gltract
H3 0.000E+00 0.000E+00 D.000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
C-14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00
NA-24 1.210E+07 1.21CEH07 1.210E+07 1.210E+07 1.210E+07 1.210E+07 1.210E+07
P32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CR-51 4,.88CE+06 4.68CE+08 4.580E+08 4.680E+06 4,680E+06 4.580E+08 4,63CE+08
MN-54 1.340E+09 1.340E+09 1.340E+09 1.340E+09 1.340E+09 1.340E+09 1.340E+09
MN-56 9.050E+05 9,050E+03 9.050E+05 9.050E+05 9.050E+05 8.050E+05 9.050E+08
FE-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00
FE-59 2.750E+08 2730E+08  2.750E+08 2.750E+08 2.750E+08 2.750E+08 2.750E+08
cO-58 3.820E+08 3.520E+08 3.820E+08 3.820E8+08 3.820E+08 3.820E+08 3.820E+08
CO-60 2,180E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E410
NL83 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 .  0.000E+00
NI-85 2.970E+05 2.970E+08 29708405 2.970E+05 2 870E+05 2.970E+03 2.970E+05
Cu-e4 8.090E+05 8.080E+05 8.090E+05 5.030E+08 8.030E+03 8.09CE+05 6.090E+0S
ZNgS TASUE40B  7ASCES0B  7.ASOE+08  7.450E408  7.450E408  7.450E+08 7.450E+03
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-33 4.890E+03 4,B90E+03 4.800E+03 4.890E+03 4.B30E+03 4,890E+03 4.800E+03
BR-84 2.030E+05 2.030E+05 2.030E403 2030E+03 2.030E+05 2.030E+05 2.030E+05
BR-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 8.98CE+08 8.980E+C8 8.880E+08 8.98CE+08 8.580E+08 8.980E+08 8.980E+08
RB-83 3.280E+04 3.290E+04 3.290E+04 3.290E+04 3.200E+04 3.200E+04 3.290E+04
RB-29 1.210E+08 1.216E+05 1.210E+05 1.210E+05 1.210E+03 1.210E+05 1.210E+05
SR-89 2.160E+04 2.160E+04 2.160E+04 2.160E+04 2.160E+04 2.160E+04 2.160E+04
SR-90 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 0.000E+00
SR-91 2.190E+08 2.190E+08 2.190E+08 2.190E+08 2.190E+08 2.190E+08 2.190E+08
SR-92 7.770E+03 7.770E+05 7.770E+05 7.770E4+05 T.TT0E+0S 7.77CE+05 1.770E+05
Y-90 4.480E+03 4.480E+03 4.480E+03 4.430E+03 4.430E+03 4480E+03 44808+03
Y91 1.010E+05 1.010E+08 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E405
Y-81 1.080E+(08 1 OBOE+OB 1.080E+08 1.080E+08 1.080E+C8 1.080E+08 1.030E+08
Y-92 1.800E+05 1.800E+05 1.300E+05 1.800E+05 1.800E+03 1.800E+05 1.800E+05
Y-83 1.350E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E405 1.850E+05
ZR-9% 2.4B0E+08 2.4B80E+08 2.430E+08 2.480E+08 2.480E+08 2430E+03 2.480E+408
ZR-97 2.840E+08 2.940E+08  -2.540E+08 2.940E+08 2.340E+08 2.340E+08 2.940E+08
NB-95 1.360E+08 1.36CE+08 1.360E+08 1.360E+08 1.360E+08 1.360E+08

"~ 1.360E+08
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Gaseous Effluent Pathway Dose Faclors
GROUND PLANE DOSE FACTORS
TEEN
{m2*mrem/yr per uCifsec)

Nuclide Bone Liver Thbody Thyrold Kidney Lung Gitract
MO-£9 4.050E+06 4.050E+08 4.050E+06 4.050E406 4.050E+06 4.050E+06 4,050E+06
TC-osM 1.830E405 1.830E+405 1.830E+05 1830E405_  1.830E+05 1,830E405 1.830E+05
TC-101 2.040E+04 2.040E+04 2.040E+04 2.040E+04 2.040E+04 2.040E+04 2,040E+04
RU-103 1.080E+08 1.090E+08 1.080E+08 1,020E+08 1.000E408 1.080E+08 1,000E+08
RU-105 6.360E+05 6.360E+05 6.360E+05 6.350E+05 8.350E+05 6.360E+05 6.350E+05
RU-106 4,210E+08 4.210E+08 4.210E+08 42108408 4,210E+408 4.210E+08 -4 210E+08
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 C.000E+00 -0.000E+D0 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 3.470E+09 3470E+09 =~ 34TOE+09 . 3.470E+09 3ATOEH0 3.470E+09 3470E+09
§8-122 1.070E+07 1.070E+07 1.070E407 1.070E+07 1.070E+07 1.070E+07 1.070E+07
TE-125M 1.580E+06 1.550E+08  1.550E+06 1.550E+06 1.550E+06 1.560E+06 1.550E+06
TE-12TM ©.170E+04 9.170E+04 9.170E+04 8.170E+04 9.170E+04 2.170E+04 9.170E404
TE-127 3.000E+03 3.000E+03 3.000E+03 "3.000E+03 3.000E+03 3.000E+03 3.000E+403
TE128M 2.000E+07 2.000E+07 2.000E+07 2.000E+07 2.000E+07 *©  2.000E+07 2.000E+07
TE-129 2.600E+04 2.600E+04 2600E+04 ~  2.600E+04 2.800E+04 2.600E+04 2.600E404
TE-131M 8.030E+06 B.030E+06 8.030E+06 8.030E+06 8.030E+06 B.O30E+06 - B.030E+06
TE-131 2.830E+04 2.930E+04 2.030E+04 28305404 2.930E+04 2.930E+04 2.830E404
TE-132 4.220E406 4.220E+06 4.220E+06 4.220E+06 4.220E406 4.220E+06 4 .220EH06
130 8.530E+06 55306+06 - 5.530E+06 5.530E+06 5.530E+406 5.530E+06 5.530E+06
1131 1.720E407 1.720E+07 1.720E+07 1.T20E+07 4.720E+07 1.720E+07 1.720E407
1132 1.240E+06 1.240E+06 12405406 . - 1.240E406 1.240E+06 1.240E+06 1.240E+06
11133 2A70E+06 24T0E+06 24706406 2.470E+06 2470E+06 2.470E+05 2ATOE+06
134 4.490E+05 4 ASOE+05 4.4950E+05 .4.480E+05 4.450E+05 4.490E+05 4.400E+05
135 2.560E+06 2.560E+06 2.560E+06 2.550E+06 2.860E+406 2.580E+06 2.560E406
CS-134 6.750E+09 6.750E+09 6.750E+02 6.750E+09 6.750E+09 6.750E+08 6.750E+09
Cs-136 1.490E+08 1430E+08 1ASOE+08 1.480E+08 1.490E+08 1490E408 1.490E+08
€S-137 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1,040E+10 1.040E+10 1.040E+10
Cs-138 8.500E+05 A.500E+05 3.590E+05 3.500E+405 3.500E+05 3.580E+05 3.550E+05
BA-139 1.060E+05 1,060E+05 1.060E+05 1.060E405 1.050E+05 1.060E+05 1.060E+05
BA-140 2,050E+07 2.050E+07 2.050E+07 2.050E+07 2.050E+07 2.050E+07 2.050E+07
" BA-141 4,180E+04 4,180E+04 4.180E+04 4.1BOE+04 41805404 4,180E+04 4.180E+04
BA-142 4A90E+04 4.430E+04 4.490E+04 4AS0E+04 4.490E+04 4490E404 4.480E+04
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Gaseous Efflusnt Pathway Dose Factors
GROUND PLANE DOSE FACTORS
TEEN
(m2*mrem/yr per uCifsec)

Nuclids Bone Liver Thody Thyrold Kidney Lung Gliract
LA-140 1.910E+07 1.310E+07 1910E407 = 1.910E+07 1.810E+07 1.910E+07 1.910E+07
LA-142 7.360E+05 7.360E+05 7.360E405 7.350E+05 7.380E405 - 7.360E+0S 7.360E+05
CE-141 1.360E+07 1.360E+07 1.360E+07 1,3650E+07 1.360E+07 1.360E+07 1.380E+07
CE-143 2.320E+08 2.320E+08 2320B+08 2.320E+08 2.320E+08 2.320E+08 23208408
CE-144 B8.950E+07 8.950E+07 6.950E+07 B8.950E+07 6.950E+07 B8.950E+07 8.950E+07
PR-143 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
PR-144 1.830E+03 1.830E+03 1.8308+03 1.830E+03 1.830E403 1.830E+03 1.830E+03
ND-147 8.400E+00 8.400E+08 8.400E+06 8.400E+08 8.40CE+08 8.400E+08 8.400E+08
eU-184 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2700E+10 ©  2.70CE+10 2.700E+10
EU-155 B570E+08 9.570E+04 9.570E+08 9.570E+08 9.5702+08 9.570E+08 9.570E+08
W-18?7 2.360E+08 2 3B0E+08 2.360E+08 2.360E+08 2.380E+08 2360E+08 2.360E408
NP-239 1.710E406 1.710E+08 1.710E+08 - 1.7102+08 1.710E+06

1.710E+08

1.710E+08
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GROUND PLANE DOSE FACTORS
CHILD
(m2*mremiyr per uCi/sec)
Nuclide Bone Liver - Thody Thyroid Kidney Lung Glfract
H3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+CO 0.000E+00 0.000E+00
c-14 0.000E+00 0.000E+00 0.000E+00 - O.000E400 0.000E+00 0.000E+00 0.000E+00
NA-24 1.210E+07 1.210E+07 1.210E+07 1.210E+07 1.210E+07 1.210E+07 1.210E407
P32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+30 0.000E+00 0.000E+00
CR-51 4 .B30E+06 4,680E+08 4.680E+06 4.830E+06 4.680E406 4.680E+06 4.880E+06
MN-54 1.340E4+09 1.340E+09 1.340E+09 1.340E+09 1.340E¢09 1.340E+00 " 1.340E+09
MN-56 9.050€405 £.050E+05 9.050E+05 ©.0505+05 $.050E+05 £.050E+05 9.050E+405
FE-£5 0.000E +00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
FE-59 2.750E+08 2.750E+08 2.750E+08 2.750E+08 2.750E+08 2.750E+08 2.750E+08
COo-58 3.820E+08 3.620E+08 3.820E+08 3.820E+08 3.620EH08 3.820E+08 3.820E+08
CO-60 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10
NI-63 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NI-85 2.870E+05 2.870E+405 2.870E405 2970E+05 2.870E+405 2.870E+05 2.070E405
CU-84 6€.0S0E+05 6.090E+405 6.080E+05 6.080E405 6.090E+05 6.030E+05 €.030E+405 .
ZN-65 7.450E+08 7.450E408 7450E+08 7.450E+08 7.450E+08 7.450E+08 7AS0E+08
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 4.890E+03 4.850E+03 4.850E+03 4.890E+03 4.890E+03 4.830E+03 4.890E+03
BR-84 2.030E+05 2.030E+05 2.030E+05 2.030E+05 2.030E+05 2.030E+05 2.030E+05
BR-85 0.000E+00 0.000E+C0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 8.930E+06 8.080E+06 8.980E+06 8.980E+06 B.960E+06 8.950E+06 8.880E+06
RB-88 3.290E+04 3.250E+04 8.290E+04 3.200E+04 3.200E+04 3.2090E+04 S.250E+04
RE-8¢ 1.210€+05 1.210E+08 1.210E+05 1.210E+05 1.210E+05 1.210E+05 1.210E+05
SR-89 2.160E+04 2,160E+04 2.160E+04 2.160E+04 2.160E+04 2,160E+04 2.160E+04
SR-80 0.000E+00 0.000E+00 0.000E+00 -0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-61 2.1S0E+06 2.180E+06 2.190E+06 2.190E+06 2.160E+06 2.180E+06 2.190E+06
ER-62 TJ70E405 | 7.770E+05 7.7T0E+05 7.TT0E+05 T.7T0E+05 7.770E+05 7.770E+405
Y60 4.480E+03 4.AS0E+03 4.480E+03 4 AB0E+03 4 480E+03 4.480E+03 4.480E+03
Y-21M 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05
Y-81 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06
Y62 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05
Y83 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E405 1.850E+405 1.850E+05
ZR-65 24B0E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08
ZR-S7 2.840E+06 2.840E+06 2.840E+05 2 840E+06 2.840E+406 2.940E+06 2.940E+06
NB-g5 1.360E+08 1.360E+08 1.360E+08 1.350E+08 1.360E+08 1.360E+08 1.360E+08
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. ' Gaseous Effiuent Pathway Dose Factors
GROUND PLANE DOSE FACTORS
CHILD
{m2*mramfyr per uCl/sac)

Nuclide Bone Liver Thody Thyrold Kidnsy Lung Gltract
MO-29 40505408  4.050E+08  4.050E+06  4.0S0E+08  4.0505+06  4.050E408  4.050E+06
TC-9OM 1.830E+05 _ 1.B30E+05  1.5305+05 1.830E+05 . 1.830E405  1,830E+0S 1.830E+05
TC-101 2040E+04  2.040E+04  2040E+04  2040E+04 20405404  2.040E+04 2.040E+04
RU-103 1.090E+08 1,090E+08  1.030E+08 1.090E408  1.030E+08  1.08CE+08 1.09CE+08
RU-105 8.360E+05  6.360E+05  8.360E+05  G6.360E+05  B8.360E+05  6.360E+05 6.360E+05
RU-106 42105408 = 4.210E+08  4210E+08  4210E+08  4210E408  4.210E+08 4.210E+08
RH-103M 0.000E+00  O.000E+00° ~ 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00  0.000E+00  O0.Q00E+00  O0.000E+00  0.000E+00 0.000E+00
AG-110M J4TOE+09  3A70E+D9  JATOE+09  JATOE409  3ATOE409  3.470E+09 34705409
$B-122 1.070E407 1.070E+07 1.070E+07 1,0705+07 1.070E+07 1.070E+07 1.070E+07
TE-125M 1.550E+08 15505408  1.550E+08 1.550E408 1.550E+4068  1.550E+08 1.550E+08
TE-12TM 9.170E+04 9.470E+04  O.170E+04 9.170E+04 DATCE+04  9.170E+04 9.170E+04
TE-127 3000E+03  3.000E+03  3.000E+03 3.000+03 3.000E+03  3.000E+03 3.000E+03
TE-12M 2000E+07 _ 2000E+07  2.000E+07 20005407 - 2.000E+07  2.000E+07 2.000E+07
TE-129 28005404 = 2.0600E+04  2800E+04 2.800E+04 26005404 2.600E+04 2.600E+04
.‘ TE-131M 3.030E408 80305408  B8.030E+08 3.030E+068 8.030E+06  BO30EH0S  8030E«08
TE-13 2.930E+04 2030E+04  2.030E+04 2.930E+04 2030E+04  2930E+04 2.9305+04
TE-132 4220E408  4.220E+08 42208408  4.220E+08  4.220E+08 42205408 4.220E408
+130 S530E+08  S.530E+08 . 5.330E+08 5.530E+08 5.330E+08  5.330E+08 5.530E+08
131 1.720E407 1.720E407  1.720E+07 1.720E+07 1.720E+07  1.720E407 17208407
132 1.240E+08 1.240E+08 1.240E+408 1.240E+08 1.240E+08  1.240E+08 1.240E+08
1-133 24705408 24705408 24705408  2470E+08  24TOE408 24705408 2470E+08
1134 44905405 4400E+405  4490E+05  4.400E+05 4490E+05 4490405  4.450E+05
1135 25605408 2560E+08  2.560E+08  2.560E+08 2560E+08  2560E+08  2.550Es08
C3-134 8750E+09  6.750E409  6.750E+09 8.750E+09 6.750E409 87505409  8.750E409
Cs-138 1450E+08 1A90E+08 - 1.490E+08 1.490E+08 1490E+08  1.490E+08 1.490E+08
cs-137 1.040E+10 1.040E410  1.040E+10 1.040E+10 1.040E+10 ~  1.040E+10 1.040E+10
CS138 3590E+05  3.500E+05  3.590E405  3S500E+08  3500E405  3S590E405  3.530E+05
BA-139 1.060E405  1.060E405  1.060E+03 1.0805+05 1.080E+05  1.080E+05 1.060E+03
BA-140 20S0E+07  2050S+07  2.050E+07 20S0E+07  2050E407  2.050E+07 2.050E+07
BA-141 4.180E+04 A1B0E+04  41B0E404  4.980E+04  4.180E+04 41805404  4.180E+04
BA142 4490E+04 44005404  A490E+404  4.400E+04  4.400E+04  4400E+04  4.400E404
LA-140 1.910E+07 1.910E+07  1.910E+07 1.910E+07 1.910E+07 1.9105+07 1.910E+07
. LA-142 7.360E+05  7.380E+05  7.360E+05  7.380E+05  7.360E405  7.360E+05  7.360E+05
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GROUND PLANE DOSE FACTORS
CHILD
{m2*mrem/yr per uClfsec)

Nuclide Bone " ver Thody Thyrold Kidney Lung * GHract
CE-141 1.360E+07 1.360E+07 1.360E+07 1380E407 1.360E+07 1.360E+07 1.360E+07
CE-143 2.320E+06 2.320E+06 23208406  2.320E406 2320E406 23208406 2.320E+06
CE-144 6.950E+07 6.950E+07 6.950E407 6OS0E+0T  6.9506+07 6.950+07 6.950E+07
PR-143 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00°  0.000E+00 0.000E+00
PR-144 1.830E+03 1.830E+03 1.830E403 1.830E+03 1.830E+03 1.830E+03 1.830E+03
ND-147 8.400E+06 8.400E+06 8.400E+08 8.400E+06 B.400E+06 8.400E+08 8.400E+06
EU-154 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2.700E+10
EU-155 9.570E+08 9.5705+08 ©.570E+08 8.570E+08 0.570E408 9.5705+08 9.570E+08
w-187 2.350E+08 2.380E+06 2.360E+06 2,360E+06 2.360E+06 2.360E+06 2.360E+06
NP-239 1.710E+06 1.7106+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06

1.710E+06
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GROUND PLANE DOSE FACTORS
INFANT
{m2*mrem/fyr per uCifsec)

Nuclide Bone Liver Toody Thyrold Kidney Lung “Gitract
H-3 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  "0.000E+00
C14 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NA-24 1.210E+07 1210E+07 1.210E407 1.210E+07 1.210E407 1.210E+07 - 1.210E407
P-32 0.000E+00 0.006E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CR-5¢ A.680E+08 4.830E+08 4.680E+08 4.680E408 4.680E+08 4.680E+08 4.680E+08
MN-54 1.340E+09 1.340E+09 1.340E+09 1.340E+09 13405409 1.340E409 1.340E+09
MN-58 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05
FE-55 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  .0.000E+00 0.000E+00
FE-59 2.750E+C8 2.750E+08 2.750E+08 2750508 2.7505408 2.750E+08 2.750E+08
cO-58 3.820E+03 38205408 3.820E+08 3.820E+08 3.320E+08 3.320E+08 3.820E+08
co-60 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10 2.160E+10
NI-63 0.000E+00 0.0008+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

-NI-65 2.970E+05 2.970E+05 2.970E405 2.970E+05 2.970E+03 2.9705+03 29705405
CU-64 8.090E+405 B.05CE+05 8.090E+05 8.090E+03 B.0S0E+05  6.090E+05 8.050E+08
ZN-85 7.450E+08 7450E+08 TASOEH03  7.450E+08 7.A50E+08 7.450E+08 7.450E+08
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 D.000E+00 0.000E+00
BR-83 4,830E+03 4,890E+03 4.890E+03 4.890E+03 4.800E+03 4. BUE+03 4.8006+03
BR-84 2.030E+405 2.030E+05 2.030E+03 2030E+05  2.030E+05 2.030E+05 2.030E+05
BR-85 0.000E+00 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-36 3.980E+08 8.980E+08 8.9308+08 9.580E+08 8.980E+08 8.080E+08 8.980E+08
RB-88 3.200E+04 3.200E+04 3.290E+04 3.200E+04 3.290E+04 3.290E+04 3.290E+04
RB-29 1.210E+05 1210E+05 1.2108+05 1.210E+05 1.210E+05 1.210E+08 1.210E+03
SR-88 . 2.1608+04 2.160E+04 2.160E+04 2,160E+04 2.160E+04 2.160E+04 2.160E+04
SR-90 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-91 2.190E+08 2.190E+03 2.190E+08 2.190E+08 2.190E+408 2.190E+08 2.180E+08
SR-92 7.7705+05 7.T70E+05 7.770E+05 T.T70E+05 7.770E+05 TIT0E+05  7.770E+05
Y-90 4.430E+03 4.480E+03 4.480E+03 4.430E+03 4.480E+03 4.430E+03 4ABOE+03
Y-91M 1.010E+05 1.010E405 1.010E+05 1.010E+03 1.010E+05 1.010E+05 1.010E+05
y-g1 " 1.080E+08 1.080£+08 1.080E+08 1.080E+08 1.080E+08 1.080E+08 1.080E+06
Y92 1.300E+05 1.800E405  1.500E+05 1.800E+03  1,800E+405  1.B00E+05 1.B00E+03
Y93 1.830E+05 1.850E+06 1.850E405 1.850E+05 1.8502+05 1.8505+05 1.850E405
ZR-93 2.480E+08 2.4805+08 2.480E+08 2480E+08 2A30E+408 2.4308+08 2.480E+08
ZR-97 2.540E408 2.040E+06 2.840E+06 2.940E+08 2.940E+08 2.340E+08 2.040E+08
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GROUND PLANE DOSE FACTORS
INFANT
(m2*mrem/fyr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
NB-g5 1.360E+08 - 1.360E+08 1.360E+08 1.360E+08 1.360E408 1.360E+08 1.360E+08
MO8 4.050E405 4.050E+06 4.050E+06 4.050E+06 4.050E+06 4.050E+06 4.050E+06
TCOM 1.830E+05 1.830E+0S 1.830E+05 1.830E405 1.830E+05 1.830E+05 1.830E+05
TC1M 2.040E+04 2.040E+04 2.040E+04 2.040E+04 2.040E+04 20405404 2.040E404
RU-103 1.000E+08 1.090E+08 £.050E408 - 1.090E+08 1.090E+08 10905408  1.080E+408 -
RU-105 6.360E+05 6.350E+05 6.360E+05 6.350E405 6.360E405 6.360E+05 6.860E+05
RU-106 4.210E+408 4.210E+08 4.210E+08 4.210E+08 4.210E+08 4.210E+08 4.210E+08
RH-103M 0.000E+00 0.000E+00 0.000E400 0.0005+00 0.000E+00 0.000E400  0.000E+00 -
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 3.470E+09 3.470E+0D 3.470E+09 3.470E+09 3.470E+08 3.470E+08 3.470E+09
$B-122 1.070E+07 1.070E+07 1.070E407 1.070E+07 1.070E407 1.070E+07 1.070E+07
TE-125M 1.550E+06 15506406 1.550E+06 1.550E+08 1.550E+06 1.550E+406 1.550E+06
TE-12TM £.1705404 9.170E+04 8.170E+04 0.170E+04 9.170E404 0.170E404 ~  ©.170E+04
TE-127 3.000E+03 3.000E+03 3.000E+03 3.000E+03 3.000E+03 3.000E+03 3.000E+03
TE-120M - 2.000E+07 2.000E+07 2.000E+07 2.000E+07 2,000E407 2.000E+07 2.000E+07

. TE-129 2.600E+04 2600E+04 ~ 2.600E+04 2.600E+04 2,600E404 2.600E+04 2.600E+04
TE-131M 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8030E+06 ' B.030E+06
TE-131 2.930E+04 2.530E+04 2.830E+04 2.930E+04 2.930E+04 2.530E+04 2.930E+04
TE-132 4.220E406 4.220E+06 4.220E406 4.220E+06 4.220E406 4.220E+06 4.220E+06
130 6.530E406 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E406 6.530E+06
131 1.720E+07 1.T20E407 1.720E407 1.720E+07 1.720E+07 1720E407  1.720E+07
132 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E406 1.240E408 1.240E+06
1133 2470E+06 2470E+06 2.470E+06 24T0E+06 2.470E+06 2470E+06 2A470E+06
1434 4 ASOE+05 4.430E+05 4.490E+05 4ASOE+0S 4 A90E405 44308405 4 AS0EHDS

. H136 2.560E+06 2560E+06°  2.560E+06 2.560E+06 2.560E+06 2.560E+08 2.560E+06
€5-134 6.760E+09 6.750E409 8.750E+09 6.750E+00 6.760E+09 6.750E+09 6.T50E+09
cs-136 1A490E+08 1.A490E+08 1.490E+08 1.490E+08 1.490E+08 1490E+08 1.430E408
Cs-137 1.040E+10 1.0408+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10
cs-138 3.500E405 3.590E+05 3.590E+05 3.550E+05 3.550E+05 3.590E+05 3.590E+05
BA-139 1.060E+05 1.060E+05 1.060E+05 1.060E+05 1.060E+05 1.060E+08 1.060E+405
BA-140 20506407 2.050E407 2.050E+07 2.050E+07 2.050E+07 2.050E+07 2.050E+07
" BA-141 41B0E+04 4.180E+04 4.180E+04 4,180E+04 4.180E+04 4.180E+04 4.180E+04
BA-142 4490E+04 4.430E+04 4 AS0E+D4 4 490E+04 4 AS0E+D4 4.AS0E+D4 4.450E+04




Offsite. Dosa Calculation Manual 'Page 275 of 325
Revision 6 T
X Attachment 12 -
- Gaseous Efiluent Pathway Dose Factors
GROUND PLANE DOSE FACTORS
INFANT
(m2*mram/yr per uCifsec)

Nuclide Rone Liver Thody - Thyrold " Kidney Lung Gitract
LA-140 1.910E+07 1.910E+07 1.810E+07 1.910E+07 1.910E+07 1.910E+07 1.910E407
LA-142 7.360E+05 7.360E405 7.360EH3  7.380E+05 7.350E+05 7.380E+05 7.360E+05
CE-141 1.360E+07 1.360E+07 1.360E+07 1.360E407 1.360E+07 1.360E+07 1.360E+07
CE-143 2.320E+08 2.320E+08 2.320E+08 2.320E+06 2.320E+06 2.320E+08 2.320E+08
CE-144 6.950E+07 6.950E+07 6.950E+07 B.950E+07 8.950E+07 B.950E+07 6.950E+07
PR-143 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0005+00
PR-144 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.330E403
ND-147 8.400E+08 8.400E+08 8,400E+06 B.400E+08  8.400E+08 8400E+08  B.400E+08
EU-154 2.700E+10 2.700E+10 2700E+10  2.700E+10 2.700E+10 2.700E+10 2.700E+10
EU-155 8.570E+08 9.57CE+08 0.570E+08 9.570E+08 9.570E+08  9.570E+08 9,570E+08
W-187 2.360E+08 2.380E+08 2.360E+08 2.360E+08 2.360E+06 2.3605+08 2.360E+08
NP-239 1.710E+08 1.710E+08 17105408  1.710E+08 1.710E+08 1.710E+08

1.710E+08
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
ADULT
(mremiyr per uCi/m®)

Nudlide Bone Liver Toody Thyrold Kidney ] Lung Gitract
H3 0.000E+00 1.260E+03 1.260E+03 12606403 1.260E403 1.260E+03 1.260E+03
c-14 1.820E404  3410E+03  3.410E+03  3410E+03 3410E403  3.410E+03 34105403
NA-24 1.020E+04 1.020E+04 1.020E+04 1.020E+04 10205404  1.020E+04 1.020E+04
P-32 1.320E406  7.710E+04  5.010E+04 0.000E+00 0.000E+00  0.000E+00 8.640E+04
CRS51 0.000E+00 0.000E+00 1.000E+02  5.950E+01 22806401 1.440E+04 3.320E+03
MN-54 0.000E+00 3.660E+04  6.300E403 0.000E+00 £.840E+03 1.400E+06 7.7406+04
MN-56 0.000E+00 1.240E+00 1.830E-01 0.000E+00 1.300E+00 8.440E+03 2.020E+04
FES£5 2450E+04 1.700E+04 3.540E+03 0.000E+00  0.000E+00  7.210E+04 €.030E+03
FE-£9 1.180E+04 2.760E+04 1.060E+04 0.000E+00  0.000E+00 1.020E+06 1.880E+05
CO-57 0.000E+00 6.620E+02  6.T10E+02 0.000E+00 0.000E+00 3.700E+05 3.140E+04
€O-58 0.000E+00 1.580E+03 2.070E+03 0.000E+00 0.000E+00  §.280E+05 1.060E+05
CO-60 0.000E+00 1.150E+04 1.480E+04 0.000E+00 0.000E+00  5.970E+06 2.850E+05
NI-63 4320E+05  3.140E+04 1450E+04  0.000E+00  0.000E+00 1.780E+05 1.340E+04
NI-€5 1.540E+00 2.100E-01 0.120E02 ~  GOOOEW0  0.000E+00  5.600E+03 12306404
cu-64 0.000E+00 1.460E+00 6.160E-01 DO00E+00  4.620E400  6780E403  4.500E+04
ZN-65 32406404  1030E+05  4.660E+04  O0O00ES00  6800E+04  B.640E+05 -  5.240E+04
ZN-69 3.380E-02 6.510E-02 4.520E-03 0.000E+00 4.220E-02 9.200E+02 1.630E+01
BR-82 0.000E+00 0.000E+00 1.350E+04 0.000E+00  O0.000E+00  0.000E+00 1.040E+04
BR-83 0.000E+00 0.000E+00 2410E+02  0.000E+00  0.000E+00 0.000E+00  2.320E+02
BR-84 0.000E+00 0.000E+00 3.130E+02 0.000E+00 0.000E+00 0.000E400 1.6406-03
BR-85 0.000E+00 0.000E+00 1.280E+01 0.000E+00  0.000E+00 0.000E+00 0.000E+00
RB-86 0.000E+00 1350E+05  5.900E+04 0.000E+00  0.000E+00 0.000E+00 1.660E+04
RB-88 0.000E+00 3.870E+02 1.930E+02  DOO0E+00  0.000E+00 0.000E+00 3.340£-09
RB-89 0.000E+00 2.560E+02 1.700E+02 0.000E+00  0.000E+00 0.000E+00 0.000E+00
SR-88 3.040E+05 0.000E+00  B.720E303 0.000E+00  0.000E+00 1400E406 3.500E+05
SR-90 9.820E+07 0000E+00  -6100E+06  O0.000E+00  O.000E+00 9.600EX06  7.220E+05
SR-91 6.190E+01 0000E+00  28500E+00  D,000E+00  0.000E+00 3.650E+04 1.610E+05
SR-52 6740E400  O0.000E+00 2.9102-01 0.000E+00  0.000E+00 18506404  4.300E+04
Y60 20905+03  0000E+00  5.610E+01 0.000E+00  0.000E+00 1700E405  5.060E+05
Y-51M 2.610E-01 0.000E+00 1020E-02 ~ 0.000E+00  0.000E+00 1.920E403 ~  1.330E+00
Y-91 4620E+05  0.000E+00 1240E+404  0.000E+00  0.000E+00 17006406  3.850E+05
Y82 1.030E+01 0.000E+00 3.020E-01 0.000E+00 0.000E+00 1570E+04 7.3506+04
Y-93 8.440E+01 0.000E+00 2.610E+00 0.000E+00 0.000E+00 4,850E+04 4220405
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Attachment 12 -
Gasaeous Effluent Pathway Doss Factors
INHALATION DOSE FACTORS
ADULT
(mremiyr per uClm®)
Nucilde Bone Liver Thody Thyrold Kidney Lung Gltract
ZR-95 1.070E+05 3.440E+04 2.330E+04 0.000E+00 ~  5.420E+04 1.T70E+08 1,500E+05
ZR-97 9.650E+01 1.980E+01 9.040E+00 0.000E+00 2.970E+01 7.870E+04 5.230E+05
NB-95 _ 1A10E+04 7.820E+03 4.210E+03 0.000E+00 7.TAQE+03 5.050E+05 1.040E+03
NB-97 2,220E-01 5.620E-02 2.0508-02 0.000E+00 . 8.340E-02 2.400E+03 2420E+02
MO-23 0.000E+00 1.210E+02 2.300E+01 0.000E+00 2.810E+02 9.120E+04 2.480E+05
TC-95M 1.030E-03 2.910E-03 3.700E-02 0.000E+00 4.420E-02 7.840E+02 4160E+03
TC-101 4.180E-05 8.020E-05 5.900E-04 0.000E+00 1.080E-03 3.990E+02 0.000E+00
RU-103 1.530E+03 0.000E+00 6.380E+02 0.000E+00 B3.830E+03 5.050E+05 1.100E+05
RU-105 7.900E-01 0.000E+00 3110501 0.000E+00 1,020E+00 1.100E+04 4.320E+04
RU-108 8.910E+04 0.000E+00 8.720E+03 0.000E+00 1.340E+05 9.360E+08 9.120E+03
RH-103M 0.000E+00 0.000E+00 0.000E+00  _ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.00CE+00 D.000E+00 0.000E+00 0.000E+00
AG-110M 1.080E+04 1.000E+04 5.940E+03 0.000E+00 1,970E+04 4.830E+08 3.020E+05
$B-122 3.100E+03 4,110E+03 4.110E+04 1.070E+03 1.550E+403 1.670E+05 2.020E+05
SB-124 " 3.1205+04 5,800E+02 1.2408+0¢ 7.550E+401 0.000E+00 24BOE+08 4.060E+05
$8-125 5.340E+04 5.950E+02 1.260E+04 5.400E+01 0.000E+00 1.740E+08 1.010E+05
TE-125M 3,420E+03 1.580E+03 4.670B+02 1.050E+03 1.2405+04 3.140E+05 7.060E+04
TE-12TM 1.280E+04. 5.770E+03 1.570E+03 3.290E+03 4.580E+04 9.8005+05 1.500E+05
TE-127 1.400E+00 B.420E-01 3.100E-01 1.080E+00 5.100E+00 8.510E403 5.740E+04
TE-125M 9.760E+03 4.670E+03 1.580E+03 34405403 3.560E+04 1.180E+08 3.330E+05
TE-129 -4.980E-02 2.390E-02 1.2405-02 3.9008-02 1.870E-01 1.540E+03 1.570E+02
TEA31M 6.990E+01 £360E+01 2.300E+01 3.500E+01 3.090962 1.460E+05 5.560E+05
TE-131 1.110E-02 5.950E-03 3.590E-03 9.360E-03 4,370E-02 1.390E+03 1.840E+04
TE-132 2.600E+02 2.150E+02 1.820E+02 1.9002+02 1.460E+03 2.880E+05 5.100E+05
130 4.530E+03 1.340E+04 5.280E+03 1.140E+08 2.090E+04 7.680E+03 0.000E+00
1131 2.520E+04 3.580E+04 2.050E+04 1.190E407 8.130E+04 0.000E+00 6.230E+03
1132 1.160E+03 3.260E+03 1.160E+03 1.140E+03 5.180E+03 0.000E+00 4.060E402
133 B.840E+03 1.480E+04 4.520E+03 2150408 2.580E+04 0.000E+00 8.880E+03
134 §.440E+02 1.730E+03 8.150E+02 2.950E+04 2.750E+03 0.000E+00 1,010E+00
1135 2.530E+03 8.980E+03 2.570E+03 4.430E+03 1.110E+04 0.000E+00 5.250E+03
C3-134 3.730E+05 8.480E+08 7.280E+05 0.000E+00 2.870E+05 9.760E+04 1.040E+04
CS-138 3.900E+04 1.480E+05 1.100E+03 0.000E+00 B.SBOE+04 1.200E+04 1.170E+04
cs137 4.780E+08 8.210E+05 4.280E+05 0.000E+00 2.220E+05 7.520E+04 8.400E+03
Cs-138 33102402 8.210E+02 3.240E+02 0.000E+00 4,800E+02 4.850E+01 1.860E-03
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© Attachment 12
Gaseous Efiluent Pathway Dose Factors
INHALATION DOSE FACTORS
ADULT
(mremyr per uCi/m®)

Nuclide Bone Liver Thody Thyroid Kidney Lung Ghtract
BA-139 £.360E-01 6.650E-04 2.740E-02 ©.000E+00 6.220E-04 3.760E+03 8.660E+02
BA-140 3.500E+04 4.800E+01 2.570E+03 0.000E+00 1,670E+01 1.270E+06 2.180E+05
BA-141 1.000E-01 7.530E-05 = 3.360E-03 0.000E+00 7.000E-05 1.840E403 - 1.160E-07
BA-142 2.630E-02 2.700E-05 1.860E-03 0.000E+00 2.200E05 1.160E+03 0.000E+00
LA-140 3.440E+02 1.740E+02 4.580E+401 0.000E+00 0.000E+00 1.360E+05 4.580E+05
LA-142 6.830E-01 3.100E-01 T.720E-02 0.0005+00 0.000E+00 6.330E+03 2.110E+03
CE-141 1.950E+04 1.350E+04 1.530E+403 0.000E+00 €.260E+03 3.620E+405 1.200E+05
CE-143 1.850E+02 1.380E+02 1.530E401 0.000E+00 6.080E+01 7.880E+04 2.260E+05
CE-144 3.430E+06 1.430E+06 1.840E+05 0.000E+00 B.480E+05 7.780E+06 8.160E+05
PR-143 §.360E+03 3.750E+03 4.640E+02 0.0005+00 2.180E+03 2810E+405  2.000E+05
PR-144 30%0E02 - 1.250E-02 1530803 0.000E+00 7.050E03 1.020E+03 2.150E-08
‘ND-147 6.270E403 6.100E+03 3.650E+02 0.000E+00 3.560E+03 2.210E405 1.730EH05
EU-154 §.920E+06 72805405  S.1B0E+05 . 0.000E+00 3.490E+06 4.670E+06 2.720E+05
EU-155 8.080E+05 1.140E405 7.370E404 0.000E+00 5.270E+05 7.570E+05 4.760E+04
W-187 8480E+00-  7.080E+00 2.480E+00 0.000E+00 0.000E+00 2500E+04  1.550E+05
NP-233 2.300E+02 1.240E+01 7.000E+01 1.180E+05
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
TEEN
{mremlyr per uClim®)

Nuclide Bona Liver Thody Thyrold Kidnoy ~ Lung Gltract
H3 0.000E+00 1.270E+03 1.270E+03 1.270E+03 1.270E403 . 1.270E+03 1.270E+03
C-14 2.800E+04 4,870E+03 4.870E+03 4.370E+03 4.370E+03 48708403 4.3708+03
NA-24 1.380E+04 1.380E+04 1.380E+04 1.380E+404 °  1.380E+04  1.360E+404 1.330E+04
P-32 1.800E+08 1,100E+05 7.180E+04 0.000E+00 0.000E+00 0.000E+00 9.280E+04
CR-51 0.000E+00 0.000E+00 1.350E+02 7.500E+01 3.070E+01 2.1005+04 3.000£+03
MN-54 0.000E+00 5.110E+04 8.400E+03 0.000E+00 1.270E+04 1.080E+06 8.680E+04
MN-56 0.000E+00 1.700E+00 2.520E-01 0.000E+00 1.790E+00 1.520E+04 5.740E+04
FE-55 3.340E+04 2.380E+04 3.840E+03 0.000E+00 0.000E+00 '1.240E405 8.390E+03
FE-59 1.590E+04 3.700E+04 1.430E+04 0.000E+00 0.000E+00 1.5302+08 1.7895405
CO-57 . 0.000E+00 8.920E+02 9.200E+02 0.000E+00 0.000E+00 5.550E+05 ) 3,140E+04
CO-58 0.000E+00 2.070E+03 2.780E+03 0.000E+00 0.000E+00 1.340E+08 9.520E+04
co-80 0.000E+00 1.510E+04 1.980E+04 0.00CE+00 0.000E+00 8.720E406 2.500E+05
NI-83 5.300E+05 4.340E+04 1.980E+04 0.000E+00 0.000E+00 3.070E+05 1.420E+04
NI-88 2.180E+00 2.930E-01 4.270E-0% 0.000E+00 0.000E+00 9.350E+03 3.870E+04
CL-54 0.000E+00 2.030E+00 8.4808-01 0.000E+00 8.410E+00 1.110E+04 8.140E+04
ZN-85 3.860E+04 1.340E+0% 8.240E+04 0.000E+00 8.640E+04 1.240E+08 4.860E+04
ZN-89 4.830E-02 9.200E-02 6.450€-03 0.000E+D0 8.020E-02 1.580E+03 2.830E+02
BR-82 0.000E+00 0.000E+00 1.820E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-33 0.000E+00 0.000E+00 3.440E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-84 0.000E+00 0.000E+00 4.330E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 0.000E+00 0.000E+00 1.830E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-88 0.000E+00 1.900E+05 8.400E+04 0.000E+00 0.000E+00 0.000E+00 1.770E+04
RB-88 0.000E+00 5.450E+02 2.720E+02 0.000E+00 0.000E+00 0.000E+00 2.920E03
RB-89 0.000E+00 3.520E+02 2.330E+02 0.000E+00 0.000E+00 0.000E+00 3.330E-07
SR-89 A340E405  0.000E+00 1.230E+04 0.000E+00 0.000E+00 2,420E+08 3.710E+05
SR-90 1.080E+03 0.000E+00 8.680E+08 0.000E+00 0.000E+00 1.850E+07 7.850E+05
SR-A 8.900E+01 0.000E+00 3.510E+00 0.000E+00 0.000E+00 8.070E+04 2.590E+05
SR-82 9.520E+00 0.000E+00 4,060E-01 0.000E+00 0.000E+00 2.740E+04 1.190E+05
Y-50 2.930E+03 0.000E+00 8.000E+01 0.000E+00 0.000E+00 2.930E+05 5.590E+03
Y-91M 3.700E-01 0.000E+00 1.420E-02 0.000E+00 0.000E+00 3.200E+03 3.020E+01
Y91 8.610E+05 0.000E+00 1.770E+04 0.000E+00 0.000E+00 2.340E+06 4.0.90E+05
Y-92 1.470E+01 0.000E+00 4,290E.04 0.000E+00 0.000E+00 2.680E+04 1.650E+05
Y-93 1.350E+02 0.000E+00 _ 3.720E+00 0.000E+00 0.000E+00 B8.320E+04 5.79CE+05
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Aftachiment 12
Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
TEEN
(mremfyr per uClfm®)

Nuclide Bone Liver Toody Thyroid * Kidney . Lung Gltract
ZR-95 1.480E405 4.580E+04 3.150E+04 0.000E+00 6.TAOE+04 2.690E+08 1AS0E+05
ZR97 1.380E+02 2.720E401 1.260E+01 0.000E+00 4.120E+01 1.300E+05 6.300E+05
NB-95 1.850E+04 1.030E+04 5.650E+03 0.000E+00 1.000E+04 7.510E405 .680E+04
NB-57 3.140E-01 7.780E-02 2.8405-02 0.000E+00 9.1202-02 3.930E403 2.170E+03
MO-99 0.000E+00 1.690E+02 3.220E+01 0.000E400 41105402  1.540E+05 2.690E+05
TC-55M 1.380E-03 3.850E-03 4930E-02  0.000E400 5,760E-02 1.150E+03 6.130E+03
TC-101 5.020E-05 8.400E-05 8.240E-04 " 0.000E+00 1.520E-03 6.670E+02 8.720E-07
RU-103 2.100E+03 0.000E+00 8.660E+02 0.0005+00 7.430E+03 7.830E405 1.090E+05
RU-105 * 1.120E+00 0.000E+00 4.340E-01 0.000E+00 1.410E+00 1.820E+04 €.040E+04
RU-106 9.840E4+04  .0.000E+00 1.240E+04 0.000E:+00 1.800E+05 - 1.610E+07 §.600E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400  0,000E+00
AG-110M 1.380E+04 1.310E+04 7.850E+03 0.000E+400 2.500E+04 6.750E+06 2.730E+05
£8-122 3.100E+03 4.410E403  4.110E+04 10708403 15506403  1670E+05  2.020E+05
SB-124 A.300E+04 7.840E+02 1.680E+04 9.760E+01 0.000E+00 3.850E+06 3.080E405
$B-125 7.380E+04 8.080E+02 1.720E404 7.040E401 0.000E+00 27405406  9.920E+04
TE-125 4.880E+03 22406403 6.670E+02 1.400E+403 0.000E+00 5.360E+05 7.5005+04
TE-12M 1.800E+04 8.160E+03 .  2.1B0E+03 4.380E+03 6.5405+04 1.650E+06 1.590E405
TE127 2.010E+00 9.120E-0% 4.420E-01 1.420E+400 7.280E+00 1.120E+04 8.080E+04
TE-128M 1.300E+04 6.580E+03 2.250E+03 4.580E+03 5.190E+04 1.880E+06 4.050E+05
TE-129 7.100E-02 3.380E-02 1.760E-02 §.180E-02 2.650E-01 3.300E+03 1.620E+03

‘ TE-131M £.840E+01 6.010E+01 4.020E+01 7.2506+401 4.3990E+02 2.380E+05 6.210E+405
TE-131 1.580E-02 8.3202-03 5.040E-03 1.240E-02 6.180E-02 2340E+03 ~ 1.510E+01
TE-132 3.600E+02 2.500E+02 2.180E+02 2.460E+02 19505403 4.490E+05 4.630E+05
1130 6.240E+03 1.790E404 7.170E+03 14506406 2.750E+04 0.000E+00 £.120E+03

- 1431 3.540E404 4.810E+04 2.640E+04 1.480E407 SA00E+04 0.000E+00 €.490E+03
1132 1.500E+03 4.380E+03 1.580E+03 1510E405  6.920E403 0.000E+00 1.270E+03
133 12206404 2.050E+04 6.220E+03 2.920E+06 3.590E+04 0.000E+00 1.030E+04
134 8.880E+02 2.320E+03 8.400E+02 3.950E+04 3.650E+03 0.000E+00 2.040E+01
135 3.700E+03 £.440E403 3A90E+03 6.210E+405 14S0E+04 0.000E+00 6.850E+03
Cs-134 5.020E+05 1.130E+06 5.430E+405 0.000E+00 3.750E405 1.450E+05 8.760E+03
05-136 5.150E+04  1.940E+05 1.370E405 0.000E+400 1.100E+05 1.780E+04 1.080E+04
CS-137 S.700E+05° - 8480E+05  3.110E+05 0.000E+00 3.040E+05 1.210E+05 B.480E+403
Cs-138 4.650E+02 8.550E402 4480E402 0.000E+00 6.620E+02 7.870E+01 2.700E-01
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INHALATION DOSE FACTORS -
TEEN
(mremfyr per uCiim?®)

Nuclide Bone Liver Thody Thyroid Kidney - Lung Gltract
BA-139 1.340E+00  9.440E-04 3.9005-02 0.000E+00  B.880E-04 B.4G0E+03  B.450E+03
BA-140 S5470E+04  G6700E+01  3520E403  O.000E+00  2280E+01  2030E+08  2.290E+05
BA-141 1420501 1.060E-04 4740803 0.000E+00  9.B40E-05 32908403  7.460E-04
BA-142 3.700E-02 3.700E-05 2270203 0.000E400 - 3.140E-05 1.910E403  0.000E+0D
LA-140 4790E+02  2360E+02  B.260E+01  0.000E+00  0.000EH0D  2.1406405  4.870E+05
LA-142 8.600E-0t 4.2508-01 1.060E-01 0.000E+00  0.000E+00  1.020E+04  1.200E+04
CE-141 2840E+04  1.900E+04  24170E+03  O.000E+00  B.BB0E403 - B.140Es03 1.250E+03
CE-143 2650E+02  1.940E+02  2160E#01  0.000E+00  B8.8405+01 13008405  2.550E405
CE-144 AB90E+08  2020E¢08  2820E+05  O0.000E+00 12105408 13405407  B.640E+03
PR-143 1.340E+04 . 5310E#03  6.620E+02  0.000E400  3.000E+03  4.830E+05  2.140E+0S
PR-144 4.300E-02 1.7608-02 2.180E-03 0.000B+00 ~  1.0105-02 1.750E403  2.350E-04
ND-147  7.860E+03  8580E+403  5.430Es02  0.000E+00  S5.020E403  3720E405  1.820E+05
EU-134 T540E408  0.840E+05  68B0E+05  OOQ00E+00  4.350E408  7.300E408  2.570E+03
. EU-155 1.600E+06  1.570E+05  0.680E+04  0.000E+00  G6.920E+05 1210407  4.780E+05
L wag? 12005401  O.760E#00 34305400  0.000E+00  O0.000E+00  4.740E+04  1.770E+05
. NP-239 3.380E+02  3.190E+01 A770E+0%  0.000E+00  1.00DE+02  B6.4D0E+04  1.320E+05
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
CHILD
-(mrem/yr per uCi/m®)

Nuclide Bone Liver Tbody Thyrold Kidney tung Gliract
H3 0.000E+00 1.120E403 1.120E+03 1.120E+03 1.120E+03 1.120E+03 1.120E+03
C-14 3530E+04  G730E403  67I0E+03  GJ0EH  6730E+03  GJEH03  6.730E+03
NA-24 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E404
P32 2.600E406 1.440E+05 9.830E+04 0.000E+00 0.000E+00 0.000E+00 4.220E+04

CR-81 0.000E+00 0.000E+00 1.540E+02 8.550E+01 2.430E+401 1.700E+04 1.080E+03

MN-54 0.000E+00 4.290E+04 0.510E+03 0.000E+00 1.000E+04 1.580E+06 2.290E+04

MN-58 0.000E+00 1.650E+00 3.120E-01 0.000E+00 1.670E+00 1.310E+04 12306405
FE55 4.740E+04 2.500E+04 7.770E403 0.000E400 . 0.000E+00 1.110E+05 2.870E+03
FE-5¢ 2.070E+04 3.340E404 1.6T0E+04 0.000E+00 0.000E+00 1.270E+06 7.070E+04

co-57 0.000E+00 §.030E+02 1.0706+03 0.000E+00 0.000E+00 = 5.070E+05 1.3205+04 .

CO-58 0.000E+00 1.770E+03 3.160E+03 0.000E400 0.000E+00 1,110E+06 3.440E404

CO-60 0.000E+00 1.310E+04 2.260E+04 0.000E+00 0.000E+00 7.070E+06 8.620E+04
NI-63 8.210E+05 4.630E+04 2.B00E+04 0.000E+00 0.000E+00 2.750E+05 6.3305+03
NI-65 29908400  2.860E-01 1.6405-01 0.000E+00 0.000E+00 8.180E+03 8.400E+04

CcuU-64 0.000E:+00 1.950E+00 4,070E+00 0.000E+00 6.030E+00 8.580E+03 3.670E+04

ZN-65 4.260E+04 11305405 7.030E+04 0.000E+00 7.140E+04 6.950E+05 1.630E+04

2ZN-69 6.700E-02 £.660E-02 £.920E-03 0.000E+00 5.850E-02 1.420E+03 9.510E+03

BR-82 0.000E+00 0.000E+00 2.090E+04 0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 4.TAOE+02 0.000E+00 0.000E400 0.000E+00 0.000E+00
BR-84 0.000E+00 0.000E+00 6.480E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 0.000E+00 0.000E:+00 2.530E+01 C.000E+00 - 0.000E+00 0.0006400 0.000E+00
RB-86 0.000E+00 1.880E+05 .  1.440E+05 0.000E+00 0.000E+00 0.000E+00 7.950E+03
RE-88 0.000E+00 5.620E402 3.860E+02 0.000E+00 0.000E+00 0.000E400 1.720E+01
RE-89 0.000E+00 3.450E402 2.800E+02 0.000E+00 0.000E+00 0.000E+00 1.890E+00
SR-89 5.900E+05 0.000E400 1.720E+04 0.000E+00 0.000E+00 2160E405 1.670E405
SR-90 1.010E+08 0.000E+00 GA40E+06 -~ 0.000E+00 0.000E+00 1.480E407 3430E+05
SR-81 1.210E+02 0.000E+00 4.590E+00 0.000E+00 0.000E+00 5.330E+04 1.740E+05
SR-82 1.310E+01 0.000E+00 5.250E-01 C.O00E+00  0.000E+00 2.400E+04 2.420E405
Y-90 4.110E+03 0.000E+00 1.110E402 .000E+00 0.000E+00 2.620E405 2680E+05

Y-91IM_ 5.070E-01 0.000E+00 1.840E-02 ¢.000E+00 C.000E+00 2.810E+03 1.720E4+03
Y-91 8.140E+05 0.000E+00 2.440E+04 C.000E+00 . 0.000E+00 ° 2.830E+05 1.840E+05
Y62 2.040E+01 0.000E+00 5.810E-01 0.000E+00 0.000E+00 23502404 2.350E+05
Y03 1.850E+02 0.000E+00 5.110E400 0.000E+00 0.000E+00 7.440E+04 3.800E+05
2R-95 1.900E+405 4.180E+04 3.TODE+D4 0.000E+00 5.9605+04 2.230E+05 6.110E+04
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INHALATION DOSE FACTORS
CHILD
(mremfyr per uCiim®)

Nuclide Bons Liver Thody Thyrold Kidney Lung Gltract
ZR-97 1.880E+02 2.720E+01 1.600E+01 0.000E+00 3.890E+01 1.130E+05 3,510E+08
NB-95 2350E+04 9.180E+03 £.55CE+03 0.000E+00 8.620E+03 8.140E+05 7008404
NB-87 4.230E-01 7.700E-02 3.6008-02 0.000E+00 B.550E-02 3.4208+03 2.780E+04
MO-S9 0.000E+00 1.720E+02 4.260E+01 0.000E+00 3.920E+02 1.350E+085 1.Z70E+05

TC-99M 1.7802-03 3.480E-03 8.770E-02 0.000E+00 5.0708-02 9.510E+02 4.810E+03
TC-101 8.100E-05 8.510E-05 1.080E-03 0.000E+00 1.450E-03 8.850E+02 1.630E+01
RU-103 2.790E+03 0.000E+00 1.070E+03 0.000E+00 7.030E+03 6.820E+05 4.430E+04
RU-105 1.830E+00 0.000E+00 §.850E-01 0.000E+00 1340E+00 ° 1.590E+04 D.950E+04
RU-108 1.360E+05 0.00CE+00 1.590E+404 0.000E+00 1.840E+05 1.430E+07 4.290E+0S

RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.00CE+00
RH-108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+D0
AG-110M 1.590E+04 1.140E+04 9.140E+403 0.000E+00 21208404 5430E+08  1.000E+03
$B.122 1.440E403 1.950E+03 1.900E+04 4.950E+02 7.1805+02 7.730E+04 9.350E+04
$8-124 5.740E+04 7.400E402 2.000E+04 1.260E+02 0.000E+00 3.240E408 1.840E+0S
$B-125 9.840E+04 7.530E+02 2.070E+04 9.100E+01 0.000E+00 23205408  4.0305+04
TE-125M 6.730E+03 2,330E+03 9.140E+02 1.920E+03 0.000E+00 4.770E+05 3.380E+04
"TEAZIM 2490E+04 3.550E+03 3.020E+03 8.070E+03 8.360E+C4 1.480E+08 7.140E+04

TE-127 2.770E+00 9.510E-01 8.11CE-01 1.960E+00 7.070E+00 1.000E+04 5.620E+04

TE-12SM 1.920E+04 8.850E+03 3.040E+03 6.330E+03 5.030E+04 1.780E+08 1.920E+05
TE-129 9.770E-02 3.500E-02 2.380E-02 7.1408-02 2.570E-09 2.930E+03 2. 550E+04

TE13M 1.340E+02 5.920E+01 5.070E+01 Q.770E+01° - 4,000E+02 2.080E+05 3.080E+05
TE-131 2.170E-02 B.440E-03 8.590E-03 1.700E-02 ' 5.880E-02 2.050E+03 1.330E+03
TE-132 4.310E+02 2,720E+02 2.830E+02 3.170E+02 1.840E+03 3.770E+05 1.380E+05

130  8.180E+03 1.840E+04 8.440E+03 1.850E+08 24505+04 0.000E+00 5.110E+03
131 4.310E+04 4.310E+H04 2.730E+04 1.620E+07 7.880E+04 0.000E+00 2.840E+03
132 21208403 4,070E403 4.880E+03 1.540E+05 6.250E+03 0.000E+00 3.200E+03
133 1.660E+04 2.030E+04 7.700E+03 3.350E+08 3.330E+04 0.000E+00 8.4808+03
H133 1.170E+03 2.180E+03 9.950E+02 5.070E+04 3.300E+03 0.000E+00 9.550E+02
+135 4.920E+03 8.730E+03 4.140E+03 79205405  1.340E+04 0.000E+00 4.440E+03

C3-134 8.510E+03 1.010E+08 2.250E+08 0.000E+00 J.300E+05 1.210E+05 3.8508+03
CS-138 6.510E+04 1.710E+05 1.160E+05 0.000E+00 9.550E+04 1450E+04 4.180E+03
CS-137 9.070E+03 ) 8.250E+03 1.280E+05 0.000E+00 2.820E+05 1.04CEH0S 3.6208403
CS-138 8.330E+02 8.400E+02 §.550E+02 0.000E+00 6.220E+02 8.310E+01 2.700E+02
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INHALATION DOSE FACTORS
- CHILD
(mremfyr per uClim®)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
BA-138 1.840E+00 8.840E-04 £.370E-02 0.000E+00 8.620E-04 E.770E+03 S.770E+04
BA-140 7ANE+4 6.480E+01 4.330E+03 0.000E+00 ~ ZA10EHO1 1.740E+06 1.020E+05
BA-141 1.960E-01 1.090E-04 6.360E-03 0.000E+00 €.470E-05 2.920E+03 2.750E+02
BA-142 5.000E-02 3.600E-05 2.780E-03 0.000E+00 2.910E-05 1.640E+03 2.740E+00
LA-140 6.440E+02 2.250E+02 1.550E+01 0.000E+00 0.000E+00 1.830E+05 2.260E405
LA-142 1.300E+00 4.110E-01 1.290E-01 0.000E+00 0.000E+00 8.700E+03 7.590E404
_ CE# 3.620E+04 1.850E+04 2.000E+03 0.000E+00 8.550E+03 5.440E+05 8.6G0E+04
CE-143 3.650E+02 1.990E+02 2.870E+01 0.000E+00 8.360lE+01 1.150E+05 12710EX05
CE-144 6.770E+06 2.120E+06 3.610E+05 0.000E+00 1.170E+06 1.200E+07 3.850E+05
PR-143 1.850E+04 5550E+03 8.140E+02 0.000E+00: 3.000E+03 4.330E+05 B.730E+04
PR-144 5.860E.02 1.850E-02 3.000E-03 0.000E+00 6.770E-03 1.5T0E+03 1.970E+02
ND-147 1.080E+04 8.730E+03 6.810E+02 0.000E+00  4.810E+03 3.260E+05 B.210E+04
EU-154 1.010E+07 9.2106405 8.400E+05 0.000E+00 4.030E+06 6.140E+06 1.100E+05
EU-155 2.070E+06 1.500E+05 1.180E+05 0.000£+00 5.590E+05 1.030E+06 1.990E+05
w187 1.630E+01 9.660E+00 4.330E+00 0.000E+00 0.000E+00 4.110E+04 8.100E+04
NP-239 4,700E+02 3.340E401 2.350E+01 0.000E+00 8.730E+01 5.810E+04 6.400E+04
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INHALATION DOSE FACTORS
INFANT
(mremyr per uClim®)

Nuclida Bons Liver Toody Thyroid " Kidney Lung Gltract
H3 0.000E+00  BATOE402~  BATOE*02  BATOE+02  BATOE+02  BATOE+02  GA70E+02
c14 2650E404 53105403 S5310E+03  S5310E+03  S310E403  S5310E+03  5310E+03
NA-24 1060E+04  1.060E+04  1.080E+04  1.060E+04  1.060E+C4  1.060E+04  1.060E+04
P32 2000E406  1420E405  7.740E+04  O0000E+00  O.000E+00  OQOOES00 1.810E+04
CR51 0.000E+00  0.000E+00  8.050E+01  5750E+01  1.320E401  1.280E+04  3.570E+02
MN-54 0000E+00  2530E+04  4.980E+03  0000E+00  4.580E+03  1.000E40S  7.080E+03
MN-58 0.000E+00  1.540E+00  2210E-01  0.000E+00  1.100E+00  1.250E+404  7.170E+04
FE-35 19705404  1.470E404  3.330E+03  O0.000E400  0.000E+00  B.SS0E+04  1.000E+03
FE-59 1.350E+04  2350E404  O480E+D3  O.ODDE+0D  D.OOOE+00  1.020E+08  2430E+04
co-57 0.000E+00  G510E+02  B410E402  0.000E+00  O0.000E400  3700E+05  4.850E+03
CO-58 0000E+00  1.220E+03  1.820E403  OOOCE+00  O0.Q0CES00  7.770E405  1.110E+04
c0-80 0.00CE+00  80205+03  1130E+04  0.000E+00  O000E+00 45105408  3.190E+04
N-63 3300E408  2040E+04  1160E+04  0.000E+00  OOCCE400  2090E+0S  2420E+03
NI-65 2390E400  2.840E-09 1230501  OOEOD  OO00EH0 81202403  S010E+04
cu-84 0.000E+00  1.880E400  7.740E-0  O0.000E+00  3.980E+00  ©.300E+03  1.500E+04
ZN-85 19305404  B2B0E+D4 31108404  0000E+00 32505404  BA70E+05  5.140E+04
ZN-69 5.390E-02 9670E02  7.480E03  0.000E+00 4020502  1.470E+03  1.320E+04
BR-82 0C00E+00  O0.000E+00 13305404  O000E+00  0000E+00  0.00CE+00  0.000E+00
BR-33 0.000E+00  0000E+00  3.310E+02  0.000E+00  O0000E+00  00C0E+00  0.000E+00
BR-34 0.0005+00  0.000E+00  4000E+02  O0.000E+00  OOOOE+00  OQ00E+00  0.000E400
BR-85 0.000E400  0.000E+00  2.04CE+01  C.000E+00  O00Q00E+00  O0O000E400  0.000E+00
RB-88 0000E+00  1.900E405  B8.820E+04  0000+00  0000E+00  OQO00E+00  3.040E+03
RB-88 0.000E+00  5.570E+02  2.370E+02  0000E400  O0.000E+00  O.0DOE+00  3.390E+02
RB-89 0.000E+00  3.210E+02  2060E+02  O0.000E+00  O0.000E+00  O0.000E+00  B.8205401
SR-89 3S00E+05  0.000E+00  1.140E+04  OO00E+00 _ O.000E#00  2030E+05  B.AODE+04
SR-90 4090E+07  OQ000E+00  2.500E+08  0.000E+00  O.0005400  1.120E+07  1.310E+05
SR-91 95605401  OQ.000E+00  3.460E+00  O.000E+00  O0.000E400  5.260E408  7.340E+04
SR-92 1.050E+01°  0.000E+00  S3810E-01  O0O00E+00  O0.000E+00 - 2.380E+04  1.A00E+05
Y¥-90 32005403 ~ 0000E+00  8.820E+01  OO0CE+00  O000E400 26905405  1.040E+05
Y-91M 4.070E-01 0.000E+00  1.390E-02  0.0005+00  0.000S+00  2790E+03  2.350E+03
Y91 5.880E+05  0000E+00  1.570E+04  0O00E+00  O0.000E+00  2450E+08  7.030E+04
Y-92 1.640E+01  0.000E+00  4.510E-01 0O00E+00  0.0002+00  2450E+04  1.270E+0S
v-03 15005402  0.000E+00  4.070E+00  0.000E+00  000E+00  7.84CE+04  1.670E+05
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INHALATION DOSE FACTORS
-« INFANT
(mrem/yr per uCi/m®)
Nuclide Bone Liver Toody Thyrold Kidney Lung Gltract
ZR-05 1.150E+05 27002404 2.030E+04 0.000E+00 3.110E+04 1.750E+06 2470E+04
ZR-97 1.500E402 2.560E+01 1.170E+01 .000E+00 2.800E+01 1.100E405 1400E+405
NB-85 1.570E+04 6430403 3.780E+03 0.000E+00 4.720E+03 4.790E+05 1.2T0E+04
NB-87 3.420E-01 7.200E-02 2630E-02 0.000E+00 5,700E-02 3.320E+03 2650E404
MO-99 0.000E+00 1,650E+02 3.230E+01 0.000E+00 2.650E+02 1.350E+05 4 870E+04
TC-99M 1.400E-03 2.880E-03 3.720E-02 0.000E400 3.110E-02 8.110E+02 2.030E+03
TC-101 6.510E-05 8.230E-05 8.120E-04 0.000E+00 9.760E-04 $.840E+02 84405402
RU-103 2.020E+03 0.000E+00 6.790E+02 0.000E+00 4.240E+03 5.520E+05 1.610E5+04
RU-105 1.220E+00 0.000E+00 4.100E-01 0.000E400 £.890E-01 1.570E+04 4.840E+04
RU-108 8.880E+04 0.000E+00 1.000E+04 0.000E+00 1.070E+05 1.160E+07 1.640E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 9.880E+03 7.220E+03 5.000E+03 0.000E+60 1.090E+04 3.670E+06 3.300E+04
8B-122 BA30E+02 7.200E+02 7.200E403 1.880E402°  2720E402 2930E404 - $.540E+D4
$B-124 8.700E+04 8.560E+02 1.200E404 10105402  0.000E+00 2.650E+05 §.610E+04
$B-125 5.170E+04 4.T70E+02 1.080E+04 €.230E+01 0.000E+00 1.840E406 14T0E+04
TE-125M 4.760E+03 1.950E+03 6.580E+02 4.620E+03 0.000E+00 4.4T0E+05 12506404
TE-127M 1,670E+04 6.800E+403 2.070E+03 4.870E+03 3.750E404 1.310E408 2.730E+04
TE-127 2.230E+00 8.530E-01 4.850E-01 1.850E+00, 4.850E+00 1.030E+04 2440E404
TE-120M 1.410E+04 6.050E+03 2.230E403 6.470E+03 3.1B0E+04 1.680E406 6.800E+04
TE-120 7.830E-02 3.470E-02 1.880E-02 6.750E-02 1.750E-01 3.000E+03 2.630E+04
TE-131M 1.070E+02 5.500E+01 3.630E+01 8.830E+01 2.650E402 1.830E+05 1.190E+05 -
TE-131 1.740E-02 8.220E-03 5.0005-03 1.580E-02 3:690E-02 2.060E+03 8.220E+403
TE-132 8.720E+02 2.370E+02 1.760E+02 2.780E+02 1.030E+03 3.400E+05 4 410E404
130 6.350E+03 1.350E5404 5.570E+03  1.600E+06 1.5305+404 0.000E+00 1.990E+03
11131 3.760E+04 4.440E+04 1.060E+04 1.480E+07 5.180E404 0.000E+00 1.060E+03
1132 1.6S0E+03 3.540E+03 1.260E+03 1.630E+05 3.850E403 0.000E+00 1.800E403
1133 1.320E+04 1.920E+04 5.600E+03 3.550E+05 2.240E+04 0.000E+00 2.160E+03
134 8.2105+02 1.880£+403 6.850E+02 44505404 2.080E+403 0.000E+00 1.290E+03
1135 3.860E+03 7.600E+03 2.770E+03 6.060E+05 8.470E403 0.000£+00 1.830E403
CS-134 3.960E405 7.030E405 TASOE+D4 0.000E£+00 1.800E+05 7970E+04 1.330E+03
Cs-138 4.830E+04 1.350E+05 5.200E+04 0.000E+00 5.640E+H)4 1.180E+04 1.430E+03
CS-137 5.480E+05 6.120E405 4.550E+04 0.000E+00 1.T20E+05 - T.130E+04 1.330E+03
5.050E402 7.810E+02 3.880E+02 - 0.000E+00 4,100E+02 £.840E+01

Cs-138

8.760E+02
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Gaseous Effluent Pathway Dosa Factors
INHALATION DOSE FACTORS
INFANT
(mrem/yr per uCi/m®)
Nuclide Bons Uver Thody Thyrold Kidney "Lung Gltract
8A-138 1.430E+00 9.840E-04 4.300E-02 0.000E+00 5.920E-04 59508403 5.100E+04
' BA-140 . 5.800E+04 $.600E+01 2.900E+03 0.000E+00 1.340E+01 1.600E+08 3.840E+04
BA-141 1.570E-01 1.080E-04 4.970E-03 0.000E+00 8.500E-05 2.970E+03 47508403
BA-142 3.980E-02 3.300E-05 1.9808-03 0.0002+00 1,500E-05 1.550E+03 8.930E+02
LA-140 5.050E+02 2.000E+02 5.150E+Q1 0.000E+00 0.000E+00 1.830E+05 8.450E+04
LA-142 1.030E+00 3.770E-01 9.040E-02 0.000E+00 0.000E+00 8.220E+03 5.050E+04
CE-141 2.TT0E+04 1.670E+04 1.990E+03 0.000E+00 5.250E+03 5.170E+05 2.160E+04
CE-143 29305402 1.930E+02 22108+01 0.000E+00 5.6405+01 1.160E+05 4.970E+04
CE-144 3.190E+08 1.210E+08 1.760E+05 0.000E+00 5.380E+05 9.840E+06 1.480E+05
PR-143 1.400E+04 5.240E+03 8.950E+02 0.000E+00 1.970E+03 4,330E+05 3.720E+04
PR-144 4.790E-02 1.850E-02 2410E-03 0.000E+00 6.720E-03 1.810E+03 4.280E+03
ND-147 7.840E+03 8.130E+03 $.000E+02 0.000E+00 3.150E+03 3.2202+05 3.120E+04
EU-154 4.140E+08 4.B40E+03 3.430E+05 0.000E+00 1.5405+06 4.270E+08 3.980E+04
EU-155 8.360E+05  B.010E+04 4.840E+04 0.000E+00 22105+03 72805408  7.270E404
W-187 1.300E+01 9.020E+00 3.1202+00 0.000E+00 0.000E+00 3.960E+04 3.580E+04
NP-239 37108402 3.320E+01 1.880E+01 0.000E+00 8.620E+01 5.950E+04 2.450E+04
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
ADULT
{m® *mrem/yr per uCifsec)
Nuclide Bone Liver Thody Thyroid Kidney - Lung Gltract
H-3 0.000E+00 7.630E+02 7.630E402 7.630E+02 7.630E+02 7.630E+02 7.630E+02
c-14 3.630E+05 7.260E+04 7.260E+04 7.260E+04 7.260E+04 7.260E+04 7.260E+04
NA-24 2.840E+06 25406406 2.540E+06 2.540E+06 2.540E+06 2.540E+06 2.840E+06
P-32 1.710E+10 1.060E+09 6.600E+08 0.000E+00 0.000E+00 0.000E+00 1.820E+090
CR-61 0.000E+00 0.000E+00 2.850E+04 1.710E404 6.300E+03 3.800E+04 7.200E406
MN-54 0.000E+00 8.400E+06 1,600E+06 ©0.000E+00 2.500E+06 0.000E+00 25705407
MN-56 0.000E+00 4.230E-03 7.510E-04 0.000E+00 5.380E-03 = 0.000€+00 1.350E-01
FE-85 2.510E+07 1.730E+07 4.040E+06 0.000E+00 0.000E+00 8.670E+06 8.950E+06
FES9 2.980E+07 7.000E+07 2.680E+07 0.000E+00 0.000E+00 1.850E+07 2.330E+08
CO-57 0.000E+00 1.280E+06 2.130E+406 0.000E+00 0.000E+00 0.000E+00 3.250E407
co-58 0.000E+00 4.720E+06 1.060E+07 D.000E+00 -, 0.000E+00 0.000E+00 8.570E+07
C0-60 0.000E+00 1.640E+07 3.620E+07 0.000E+0D 0.000E+00 0.000E+00 3.080E+08
NI-63 6.730E+09 4.650E+08 2.250E408 0.000E+00 0.000E+00 0.000E+00  9.T30E+07
NI-65 " " 3.TOOE-01 4.810E-02 2.190E-02 . 0.000E+00 0.000E+00 0.000E+00 1.220E+00
cu-s4 0.000E+00 2410E+04° 1.130E404 0.000E+00 6.080E+04 0.000E+00 2.050E+06
2N-65 1.370E+09 4.360E+409 1.870E+00 0.000E+00 2.920E+09 0.000E+00 2.750E+09
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-82 0.000E+00 0.000E+00 0.000E¢00 0.000E+00 0.000E+00 £.000E400 0.000E+00
BR-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-84 0.000£+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RE-86 0.000E+00 2.500E+00 1.210E+09 0.000E+00 0.CODE+00 0.000E+00 5.110E+08
RBE-88 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-89 0.000E+00 0.000E+00 0.000E+00 0.000E+0Q 0.000E+00 0.000E+00 0.000E+00
SR-89 1.450E+09 0.000E+00 4,160E+07 0.000E+00 0.000E+00 0.000E+00 2330E+08 -
SR-60 4.830E+10 0.000E+00 1.150E+10 0.000E+00 0.000E+00 .000E400 1.350E+09
SR-91 3.130E+04 0.000E+00 1.270E+03 0.000E+00 0.000E+00 0.000E+00 1.490E+05
SR-52 4.890E-01 0.000E+00 2.110E-02 0.000E+00 ©.000E+00 8.680E+00

0.000E+00
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Gaseous Effluent Pathway Dose Factors )
GRASS-COW-MILK DOSE FACTORS
~ ADULT
(m? *mremiyr per uCl/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
Y-20 7.070E+01  000CE400  1.000E+00  O0.000E+00  O0.000E+00  O.00CE+00  7.500E+05
Y-91M 0000E+00  O0.00CE+00  0.000S+00  0.000E+00  OQ00E+00  O.000E+00  0.000E+00
Y91 B.600E+03  O0.000E+00 23005402  O0000E+00  O0.000E+00 0.000E+00  4.730E+08
Y.52 5420505  0.00CE+00  1.580E-08  O0.000E+00  O.O00CE+00  0.000E+00  9.AS0E-01
v-93 2.330E-01 0.00CE+00  G8.430E-03  0000E+00  OQO00E+00  O0OO0E+00  7.390E+03
ZRS5 9.460E+02  3030E#02  2050E+02  O0O00E+00  4760E+02  0.000E+00  9.820E+05
ZR-97 4.260E-01 8.590E-02  3930E02  O0O000E+00  1.300E-01  0.000E+00  2.680E+04
NB-95 B250E4C4  4500E404 24705404  0000E+00  4.540E+04  0.000E+00  2.790E+08
NB-g7 0.000E+00  0.000S+00  0.000E+00  O0Q00E400  O0.000E+00  0.000E+00  5.470E-09
MO-59 0000E+00 25205407 48005408  O0.000E+00  B720E407.  OO00E+00  5.850E407
TC-S9M 3250E400  O.490E+00 1470402  0.000E+00  1.400E402  4S500E+400  S5.440E+03
TC109 0.000E+00  0.000E+00  O0.000E+00  O.000E+00  0.000E+00  O0.000E+00  0.000E+00
RU-103 1.020E403  0.000E+00  4.390E+02  O000E+00  3.890E+D3  0000E+00  1.190E+05
RU-105 B5STOEC4  OOOOE+00  3.380E04  OOODE+00  1.410E02  0000E+00  B5.240E-D9
RU-108 2040E404  OO000E+00  2580E+03  0.O000E+00 35405408  O00CE+00  1.320E+08
RH-103M OOODE+00  O000E+00  O00CE+00  O.000E+00  O.000E+00  O0O0CE+00  0.000E+00
RH-108 OO00E+00  OOOOE+00  0000E+00  O0000E+00  O0.000E+00  O0O0CE+D0  0.000E+00
AG-110M 5.830E+07  53%0EX07 32008407  O0000E+00  1050E408  OQO00E+00  2.200E+10
s8-122 BO10E+05  B270E+05  7.500E+08  9.950E+04  20960E405  1200E%05  7.4TCE4OT7
58124 8580E408  1.820E+407  3.400E+08  20BOE+08  O0.000E+400  8.680E+08  2.440E+10
$8-125 6810E+08  T7.5105+08  1.620E+08  8.930E+405  0000E+00  5250E+08  7.500E+09
TE-125M 1.830E+407  S5.000E+08  2480E+08  4.000E+08  6.630E+07  O0O000E+00  B.500E+07
TE-127M 4580E407  1640E+07 55005408  1.470E+07  1.860E#08  O0.000E+00  1.5405+08
TE127 B70E+02 - 2410402  1450E402  4.080E+02  2740E+03  0.000E+00  5.300E+04
TE-125M BO4OE+07- 2250407  O5T0E+08  2080E+07 25205408 00005400  2.040E+08
TE129 0.000E+00  O.00DE+00  O0000E+00  0.000E+00  O000E400  OODCE+00  0.000E+00
TE-131M 3610E+05  1.770E405  1.470E405  2800E+05  4.790E+06  0.000E+00  1.750E407
TE-134 0.00E+00  O0000E+00  O00CE+00  O0O0E#00  O0.000E+00  D0O00E+00  O.000E+00
TE132 2390E+08  1.550E+03 1450408  1.710E+08  1.490E+07  Q.000E+00  7.320E+07
1130 4280E+05  1260E+08  4.SB0E405  1.070E+08  1.060E408  00CCE+00  1.080E+08
-131 2060E+08  4.240E+08 24305408 1.390E+11  7.270E+08  O0O00CE+00  1.120E+08
132 1.540E-01 4.370E-01 1.530E-01 1.530E+01  BO70E1  O0.O00E+00  8.220E-02
133 3.970E+08  B.000E+08  2.100E+06  1.010E+03  1.200E+07  0.O00CE+00  G6.200E+08
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*  GRASS-COW-MILK DOSE FACTORS
ADULT
(m* *mremfyr per uClsec)

Nuclide Bone Liver Thady Thyrold Kidney Lung Gltract
134 0.000E+00  0.00E+00  O.000E+00  D.O0OE+00 0.000E+00  0.000E400  0.000E+00
135 1350E404  S.630E+D4  1.340E+04  2400E+06 58305404  O0000E+00  4.100E+04

Ccs-134 SES0E408  1.340E#10  1.100E#10  DODOE#00  4.350E+00  1A440B+408  2.350E+08

cs-136 2.610E+08 1.030E+09  7.420E¢08  0.000E+00  5.740E+08  7.870E+07 1.170E+08

CS-137 7.380E+09  1.010E+10  6610E+09 ~ O0.000E+00  3.430E+00  1.140E+09 1.850E+408

Cs-138 0.000E+00  O0O00E+00  0.000E+00  0.000E+00  O0.000E400  O0.000E+00  0.000E+00

BA-130 4.700E-08 0.000E+00 1.380E-09 O000E400  O000E+00  0.000E+00 8.340E-08

BA-140 2690E+07  3.380E404  .760E+06  0.000E+00 1.450E404 18305404  6.540E+07

BA-141 0.000E#00  0O000E+00  0.00CE+00  O0000E+00  O0.000E+00  OO0O0E400  0.000E+00

BA-142 00005400  O0.000E+00  O0.000E+00  0000E+00  O.00QE400  O0.000E+00 0.000E+00

LA-140 44905400  2.260E+00 6.970E-01 0.000E+00  O0.000E+00  0.000E+00 1.660E+05

LA-142 0.000E+00  O©.000E+00  0.000E+00  O.000E400  O00COE+00  0.000E+00 3.030E-08

CE-141 48406403  3270E+03  3.710E+02  0.000E+00 1.520E+03  0.000E+00 1.250E+07

CE-143 4.190E+01 3.080E+04  3420E400  O0O000E+00  1.360E+01 0.000E+00 1.160E+06

CE-144 3S80E+05  1.500E+05  1.620E404 0.000E+00  B.B70E+04  0.000E+00 1.210E408

PR-143 1.590E+02  6€.370E+01 7.880E+00 - C.000E+00  3.680E+01 0.000E400 ~ 6.960E+05

PR-144 0.000E+00  0.0C0E400  0.000E+00  O0.000E+00  O.0C0E#00  0.000E+00  0.000E+00

ND-147 $.A420E+01 1.000E402  6.520E400  OQQ0OOE+00  6.370E+01°  OODE+00  5.230E+05

EU-154 2370E+04  2.010E+03  2070E+03  0.000E+00 1.3%0E404  0.000E+00  2.110E+06

EU-155 3.300E403  4.630E402 30206402  O0.000E+D0  2160E+03  0.000E+00  3.630E+05

w-187 6.560E+03  6.480E+03  1.020E+03  0.000E400  OOQ00E#00  OQ00E40D  1.800E+06

NP-239 3.650E400 3600E-01  1.880E-01 0.000E+00 0.000E+00  7.390E+04

1.120E+00
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GRASS-COW-MILK DOSE FACTORS
TEEN
(m? *mremAr per uClsec)
Nuclide Bone Liver Thody Thyrold Kidney Lung Gitract
H3 0.000E+00  9.040E+02  O9.540E+02  9.940E+02  0.940E+02  B.940E+02  9.940E+02
c14 6.700E+05  1.340E+05  1.340E+05 1.340E+05  1.340E+05 1.340E+05 1.340E405
- NA-24 4440E408  4.440E+08  4.440E+08  4.440E+08 44405408  4440E+05  4.440E+08
P32 3450E+410  1.950E+409  1.220E+09  OO00E+00  O0.000E+00  0.000E+00 2.650E+08
CR-51 0.000+00  O0.000E+00  5.000E+04 2780E+04  1.100E+04 71308404 8.400E+08
MN-54 0.000E+00 1.4008+07 2.780E+08 0.000E+00 4.170E+08 0.000E+00 2.870E+07
MN-58 0.000S+00  7.540E-03 1330803 0.000E+00 9.500E-03 0.000E+00 4.9405-01
FE-55 4AS0EH07  8.460E+07  T.30E+08  OO00E+00  0.0005+00  2.000E+07 1.370E+07
FE-53 5200407  1.210E408  4.650E+07  O0.000E+00  0.000E+00  3.820E+07 2.870E+08
co-57 0.0005+00  2250E+08  3.780E+08  0.000E+00  0.000E+00  0.0005+00  4190E+D7
co-58 0.000E+00  7.950E+08  1.830E+07  0.000E+00  0.000E+00  0.000E+00 1.100E+08
CO-60 0.0005+00  2780E+07  6280E+07  00C0E+00  0.000E+00  0Q.000E+00 3.620E+08
N3 11805410  B8a50E+08 40108408  O0.000E+00  0.000E+00  O0.000E+00 1.330E+08
_ N85 8.780E-01 8.6608-02 3.840E-02 0.000E+00  O0.000E+00  0.000E+00  4.700E+00
' ouss 0000E+00  4.200E+04  2.020E+04  D.OODE+00  1.090E+05 0.000E+00 3.330E+08
. ZN-68 24105409  7.310E409  3410E+09  0O000E+00  4.680E+09  0.000E+00 3.100E+09
2N-69 0.0005+00  O0.000E+00  0.000E+00  O0.000E+00  0.000E400  0.000E+00 0.000E+00
BR-82 0.000E+00 0.000E+00  0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-83- 0.000E+00  O0.000E+00  O0.000E+00  0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-84 0000400  0.000E+00 00005400  O0.000E+00  0.000E+00  0.000E+00 0.000E+00
BR-85 0000E#00  O.000E+00  0000E+00  O0.00CE+00  D.000E+00  OO0CE+00  0.000E+0D
RB-86 0.000E+00  4.730E+09 22205409  0.000E+00  0.000E+00  0.00CE+00  7.000E+08
RB-88 0.000E+00  0.000E+00  O0.000E+00  0.000E+D0  O0.000E+00  0.000E+00 0.000E+00
R3-89 0.000E+00  0.000E+00  O0.000E*00  0.000E+00  0.00CE+00 0.000E+00 0.000E+00
SR-89 26705409  0.00E+00 7650407  0000E+00  O.000E€00  0.000E%00 3.180E+08
SR-90 B610E410  0000E+00  1.B30E+10 | 0.000E+00  0.000E+00 0.000E+00 1.850E+09
SR-01 57502404  O0.000E+00 - 2200E403  O0000E+00  OOOCES00  0.000E+00  2.B10E+05
SR-92 8.9502-01 0.000E+00 3.310E-02 0.000E+00  0.000E+00 0.000E+00 2.280E+01
Y90 1.300E+02  0.000E+00  3.500E+00  O0.000E+00  0.000E+00  0.000E+00 1.070E+08
Y-31M 0.000Es00  O0.000E+00  0.000E+00  0.000E+00  O0.00CE+00  0.000E+00 0.000E+00
Y91 1.580E+04  0000E+00  4.240E+02  0.000E+00  0.000E+00 0.000E+00 6.480E+08
Y.92 1.000E-04 0.000E400  2.900E-08 0.000E+00  0.000E+0Q 0.000E+00 2.750E+00

Y-83 4.300%-01 0.000E+00 1.180E-02 0.000E+00 0.000E+00 0.000E+00 13102404
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GRASS-COW-MILK DOSE FACTOR:
TEEN .
(m? *mremfyr per uCl/sec)

Nuclide Bone Liver Thody . Thyrold . Kidney Lung Gitract
ZRG5 16505403  52205¢02 3520402 0.000E+00 7.670E402 0.000E+00 1.200E+06
ZR-97 7.750E-01 1.530E-01 7.060E-02 0.000E+00 2.320E-01 0.000E+00 41502404
NB-95 '1410E405  7.800E+04  4.300E+04  0.000E+00 7.570E+404 0.000E+00 3.340E+08
NB-97 0.000E+00  O0.00E400  O.00E+00  0.000E+0D D.000E+00  0.000E+00 6.340E-08
MO-5% 0.000E+00  4.560E+07  B.690E+06  (0.000E+00 10406408  0.000E+00 8.160E+07
TC-99M 5.640E+00  1.570E+01 2.040E+02  0.000E+00  2,340E+02 8.730E400 1.030E+04
TC-101 0.000E+00  O0.000E+00  O0.000E400  0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 1.810E+03  C.000E+00  7.750E402  0.000E+00 6.400E+03 0.000E+00 1.520E+05
RU-105 1.570E-03 0.000E+00 6.080E-04 0.000E+00 1.870E-02 0.000E+00 12606400
RU-106 S750E+04  0.000E+00  4.Y30E+03  0.000E+00 7.230E+04 0.000E+00 1.800E+06
RH-103M 0000E+00  O.000E$00  0.000E+00 0.000E+00 0.000E400 0.000E+00 0.000E+00
RH-106 0.000E+00  O0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 9630E+07 - S.140EW7  SS540E407  0.000E400 1.740E+08 0.000E+00 2.560E+10
sB-122 T760E+05  B.000E+05  G.B00E+06 1.290E405 3.820E+05 1.650E405 9.640E+07
'S§B-124  1530E+08 . 2.8B20EH07  S.070E+08  3.470E+06 0.000E+00 1340E408  3.080E+10
§B-125 1220E+08  1.330E+07  2.850E+08 1.160E+06 0.000E+00 1.070E+09 SAB0E+00
TE-125M 3.000E+07 1.080E+07  4.020E406  8.300E+08 0.000E+00 0.000E+00 8.860E+07
TE-127M 8.440E407  20G0E+07  1.000E407  2.010E+07 3.420E+08 D.000E+00 2.100E+08
TE-127 1240E+03  4410E+02  2680E+02  8.5S0E+02 5.0405+03 0.000E+00 9.610E+04
TE-128M 1.110E+08  4.100E+07 1.750E+07 3.570E+07 4.620E+08 0.000E+00  4.150E+08
TE-120 0.000E+00  O0.000E+00  O0.000E+00  0.000E+00 1.670E-09 0.000E+00 2.180E-09
TEA31M 6.570E+05 ~ 3.150E405  2630E405  4.AOE+05 3.200E406  0.000E+00 2.530E+07
TE-131 0.000E+00  0.000E+00  O.000E+00  0.000E+00 0.000E+00  0.000E+00 0.000E+00
TE132 4280408 270E406  2850E406  2.80E+06 2.600E+07 0.000E+400 8.580E+407
130 7430E405  2170E406  B.660E405 1.TT0E+08 3.340E+06  0.000E+00 1.670E+06
1-134 §.380E+08  7.530E408  4.040E408  2200E+11 13002403  Q.000E+00 1.490E+08
1132 2.500E-01 7,590E-01 2.720E-01 2.580E+01 1.200E+400 0.000E+00 3.310E-01
133 7.240E406 12306407  3.750E+06 1.7T20E+08 21505407  0.000E+00 9.3006+06
1134 0.000E+00  O.000E+00  O0.000E+00  0.000E+00 0.000E¢00  0.000E+00 0.000E+00
H35 24T0E+04  B.350E+04 23505404  4.080E+08 1.000E405  0.000E+00 7.030E+04
Cs-134 DBIDE40Z  2310E410  1.070E#10  0.000E+00 7.340E409 2.800E+09 2.870E+08
Cs-136 4450E408  1.750E+09 1180E40¢  0.000E+00 9.530E+08 1.500E408 1.410E+08
cs-137 1340E+10  1780E+10  G200E409  0.000E+00  G.0GOE+00  2.350E+09 2.530E+08
cs-138 0.000E+00  O.000E+00  0.000E400  0.000E+00 0.000E+00 0.000E+00 0.0006+00
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Attachment 12
Gaseous Effiuent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
TEEN
(m? *mrem/yr per uClsec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
BA-139 8.690E-08 0.000E+00 2530E08 *  0.000E+00 0.000E+00 0.000E+00 7.750E-07
BA-140 4,.850E+07 5.950E+04 3.130E+08 0.000E+00 2.020E+04 4.0dOE+04 7490E+07
BA-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00
BA-142 0.000E+00 0.00CE+Q0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 8.060Z+00 3.960E+00 1.050E+00 0.000E+00 0.000E+00 0.000E+00 2.270E+05
LA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.230E07

" CE-141 8.370E+03 8,920E+03 8.810E+02 0.000E+00 2.790E+03 0.000E+00 1.500E+07
CE-143 7.690E+0¢ 5.800E+04 8.250E+00 0.000E+00 2.510E+01 0.000£+00 1.680E+08
CE-144 8.580E+08 2.720E+05 J3.540E+04 0.000E+00 1.630E+08 0.000E+00 1.660E+08
PR-143 2.920E+02 1.170E+02 1.456E*01 p.OOOE"-OO 8.770E+01 0.000£+00 8.810E+05
PR-144 0.000E+00 0.000E+00 0.000E:H)O 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 1.810E+02 1.870E+02 1.180E+01 0.000E+00 1.1680E+02 0.000E+00 TA10E+03
EU-154 3.920E+04 '5.060E+03 3.57CE+03 0.000E+00 2260E+04.  0.000E+00 2.870E406
EU-158 8.80CE+03 8.310E+02 5.140E+02 0.000E+00 3.250E+03 0.000E+00 4.760E+08
W-187 1.200E+04 8.780E+03 3A430E+03 0.000E+00 0.000E+00 0.0C0E+00 2.850E+08
NP-239 8.990E+00 8.550E-01 3.660E-01 0.000E+00 2.070E+00 0.000E+00 1.060E+05
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
CHILD
(m? *mrem/yr per uClisec)

Nuciide Bone Liver Tbody Thyrold Kidney Lung Gltract
H3 0.000E+00 1.670E+03 1.5706+403 1.570E+03 1.570E+03 1.5706+03 1.570E+03
C-14 1650E+06  3200E+405 32805405  3.290E+05  S.290E405 32005405  3.200E+05

NA-24 9.230E+06 9.230E+06 = $.230E+06 9.230E+06 9.230E+06 8.230E+06 8.230E+06
P32 © T.TT0E+10 3.640E+09 3.000€400 0.000E+00 0.000E+00 0.000E+00 21506408

CR-51 0.000E+00 0.000E+00 1.020E+405 5.650E+04 1.550E+04 1.030E+05 5.410E406

MN-54 0.000E+00 2.030E+07 5.580E+06 0.000E+00 5.870E+06 0.000E+00 1.760E+07

MN-56 0.000E+00 1.310E-02 2.950E-03 0.000E+00 1.580E-02 0.000E+00 . 1.900E+00
FES5 1.120E+08 5.530E+07 1.840E+07 0.000E+00 0.000E+00 3.350E+07 1.100E+07
FE-59 1.200E+08 1.950E+08 8.710E+07 0.000E+00 0.000E+00 5.650E+07 2.030E+08

CO-57 0.000E+00 3.B40E+06 7.770E+06 0.000E+00 0.000E+400 0.000E+00 3.140E+07

€O-58 0.000E+00 1.210E+07 3.720E407 0.000E+00 - 0.000E+00 0.000E+00 7.080E407

C0-60 0.000E+00 4.320E+07 1.270E+08 0.000E+00  D.000E+00 0.000E+00 2.350E+08
NI-63 2.960E+10 1.550E+09 1.010E+09 0.000E+00 0.000E+00 0.000E+00 1.070E+08
NI-65 1.660E+00 1.560€-01 £.1105-02 0.000E+00  0.000E+00 0.000E+00 1.810E+01

cu-64 ODOOE#00  7.650E+04  4.5G0E+04  QOCOE+00  1.820E+05  O0.000E+00  3.540E+05

2N-65 4130E+09 1.100E+10 6.850E+09 0.000E+00 6.940E+00 0.000E+00 1.830E409
2N-69 0.000E+00 0.000E+00 0.000E+0D 0.000E+00 0.000E+00 0.000E+00 2.140E-08

BR-82 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E400

BR-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-84 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 . 0.000E+00

ER-E5 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

RB-85 0.000E+00 8.770E+09 5.390E+09 0.000E+00 0.000E+00 0.000E+00 5.640E+08

RB-88 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-89 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.C00E+00

SR-89 6.620E+09 0.000E+00 1.850E+08 0.000E+00 0.000E+00 0.000E+00 2.560E+08
SR-00 1.120E+11 0.000E+00 2.830E+10 0.000E+00 0.000E+00 0.000E+00 . 1.510E+08
SR-91 1.410E+03 0.000E+00 ©  5.330E+03 0.000E+00 0.000E+00 0.000E+00 3.120E+05

SR-92 2.180E+00 0.000E+00 8.760E-02 0.000E+00 0.000E+00°  0.000E+00 4.140E+01
Y-00 3.2208402 0.000E+00 8.610E+00 0.000E+00 0.000E+00  0.000E+00 9.150E+05

Y-91M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-91 3.810E+04 0.000E+00 1.040E+03 0.000E+00 0.800E+00 0.000E+00 5.210E+06
Y62 2.450E-04 0.000E+00 7.030E-06 0.000E+00 0.000E+00 0.000E+00  '7.100E+00
Y03 1.060E+00 0.000E+00 2.800E-02 0.000E+00 0.000E+00 0.000E+00

AS5T0E+04
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. - Gaseous Effluent Pathway Doss Factors
GRASS-COW-MILK DOSE FACTORS
CHILD
(m? *mremAr per uClsec)

Nuclide Bons Liver Thody . Thyrold Kidnoy Lung Gltract
ZR95 3.840E+03 3450E+02  7.520E402 0.000E+00 1.210E403 0.000E+00 8.810E+05
2R97 1.890E400 2.T20E-01 1.6105-01 0.000E+00 3.910E-01 0.000E+00 4,130E+04
NB-95 - 3,180E405 1.240E405 8.840E+04 0.000E+00 1.160E+05 0.000E+00 2.200E+08
NB-97 0.000E+00 Q.000E+00  OO0O0E+00  0.000E+00 0.000E+00 0.000E+00 1.450E-08
MO-99 0.000E+00 8.290E+07 20505407 0.000E+00 1.7T70E+08 0.000E+00 6.850E407
TC-99M 1.290E+01 2.5402+01 4.200E+02 0.000E+00 3.680E402 1.290E+01 1.440E+04
TC-101 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00
RU-103 4.290E+03 0.000E+00 1.650E+03 0.000E+00 1.080E+04 0.000E+00 1.110E+05
RU-105 3.8202-03 0.000E+00 1.380E-03 0.000E+00 3.360E-02 ' 0.000E+00 2.450E+00
RU-08 9.240E+04 0.000E+00 1.150E+04 0.000E+00 1.250E+05 0.0002+00 1.440E+08
RH-103M 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E400  0.000E+00 0.000E+00
RH-108 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 2,0002+08 1410E+08 1.130E+08 0.000E+00 2.830E+08 0.000E+00 1.6808+10
$8-122 4140E+08  4.320E+08 52305407 8.870E+05 2.040E+08 8.800E+05 5.150E408
SB-124  3.8208+03  4.700E+07 1.270E+09 7.990E+08 0.000E+00 2.010E+09 2.260E+10
. $B-125 2900E+09  2.240E407 0.080E+08 2.590E+08  0.000E+00 1.820E+09 8.930E+409
TE-125M 7.380E+07 2.000E+07 9.840E+08  2.070E+07 0.000E+00 0.000E+00 7.120E407
TE-127TM 2080E+08  5.6800E+07  2.470E+07 4.970E+07 5.930E+08 0.000E+00 1.580E+08
TE-127 3,0808+03 8250E402  8.580E+02 2.120E+08 8.710E+03 0.000E+00 1.200E+05
TE120M 27206408 7.8108+07 42302407 8.780E+07 8.000E+08 0.000E+00 3.320E408
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.870E-09 0.000E+00 8.1208-08
TE-131M 1.600E408  5.530E+08 5.800E+05 1.140E+08 5.350E+08 0.000E+00 2.240E+07.
TE134 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 1.020E+07  4.520E+08 5.450E+08 8.530E+08 4.200E407 0.000E+00 4.550E+07
130 1.750E+08 3.340E+08 1.820E+08 3.500E+08 5.200E+08 0.000E+00 1.560E+08
31 1.300E+09 1.310E+09 TAS0E+08 ~ 4340E+M 2450E403 ° 0.000E+00 1.170E+08
132 8.860E-01 1.260E+00 5.300E-01 5.850E+01 1.930E+00 0.000E¢00  .1.480E+00
(133 1.750E+07 2.180E+07 8.230E+08 4.040E+09 38305407 0.0002+00 8.770E+08
1134 0.000E+00  0.000E400  0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
1135 5.340E404 1/050E+05 4.970E+04 9.300E+08 1.810E+05 0.000E+00 8.000E+04
cs-134 2.260E+10 3.710E+10 7830409  0.000E+00 1.150E+10 4130E+03  2.000E+08
Cs-136 1.000E+09  2.780E+09 1.790E+09 0.000E+00 1.470E+09 2.190E+08 9.700E+07
cs-137 3.220E+10 3.090E+10  4.550E+09 0.000E+00 1.010E410°  3.620E+09 1.930E+03

Cs-138 0.000E+D0 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
CHILD
(m? *mrem#yr per uCl/sec)

Nuclide Bone Liver Tbody ;nyrald Kidney Lung " Gitract
BA-130 2.140E-07 0.000E+00 6.190E-09 0.000E+00 0.000E+00 0.000E+00 1.2306-05
BA-140 1.170E+08 1.030E405  6.840E406  O0.000E+00  3.340E+04  6.120E+404 5.040E407
BA-141 0.000E+00  O0.000E+00  0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 1.830E401 6.740E400  2.270E+00 0.000E+00 0.000E+00 0.000E+00 1.880E+05
LA-142 - 0,000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.610E-06
CE-141 2.180E+04 1.000E+04 1.620E+03 0.000E+00  4.780E+03 0.000E+00 1.360E+07
CE-143 1.890E+02 1.020E+05 1480E+01 0.000E+0D  4.290E+01  (0,000E+00 1.500E+06
CE-144 1.620E+06 8.0S0E+05  8.660E+04 0.000E+00 2.820E405 D.000E:+00 1.330E+08
PR-143 7.230E402 2170E+02  3.500E+01 0.000E+00 1.170E+02 0.000E+00 7.800E+05
PR-144 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 4.450E+02 3.600E402  2.790E+01 0.000E+00 1.980E+02 0.000E+00 5.710E+405
EU-154 94205404 8470E403  7.740E+03 0.000E:+00 3.720E+04 0.000E+00 1.970E+06
EU-185 1.870E+04 1.420E+03 1.410E403  0.000E+00 5.300E+03 0.000E+00 3.540E+06
w-187 2.510E+04 17205404  7.730E+03 0.000E+00 0.000E+00 0.000E+00 2A20E+08
NP-239 1.720E+01 1.230E400 8.680E-01 0.000E+00 3.570E400 0.000E+00 0.140E+04
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. - Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
INFANT
(m? *mremAyr per uClisec)

Nuclide Bone Lver  Tobody Thyrold Kidney Lung Gltract
H3 0.000E+00  2.380E+03  2.380E+03 23805403  2380E403  2.380E+03 23805403
C-14 3230E+08  8.890E+05  G.890E+05  6.890E405  6.890E+05  6.890E+03  8.390E+05
NA-24 1.810E407  1.810E+07  1.610B407  1610E407  1.610E+407  1.610E+07  1.810E+07
p-az 1600E+11  0420E+03  B210E+09  0.000E+00  O0.000E+00  O0.000E+00  2170E+09
CR-51 0.000E+00  0.000E+00  1.610E405  1.050E405  2.300E+04  2.050E+05  4.710E+08

MN-54 0.000E+00  3.890E+07  8.830E+08  0.000E+00 86304068  0.000E+00  1.430E+07

MN-56 0.000E+00  3.210E-02 5.530E-03 0.000E+00  2.780E-02  O0.000E+00  2910E+00
FE-55 1.350E+408  B720E¢07  2.330E+07  0.000E+00  0.000E+00  4.270E+07  1.110E+07
FE-59 22502408  3.930E+08  1.550E+08  D.000E+00  O000E+00  1.160E+08  1.880E+08

co-s7 0.000E+00  B.950E+08  1.450E407  O0.000E+00  OO00E+00  0.000E+00  3.050E+07

co-58 0.000E400  2430E+07  S.080E+07  D0.000E+00  O0.000E#00  0.0005+00  B8.030E+07

CO-80 0.000E+00  8.810E#07  2080E+08  0.000E+00  0.000E+00  0.000E+00  2.100E+03
NI-83 34%0E+10  2180E+09 12105409  OO0CE+00  0.000E+D0  0.000E+00  1.070E+08
NI-65 35102400  3.970E-01 1.810E-01 0.000E+00  0.000E+00  0.000E+00  3.020E+01
cu-84 0.000E+00  1.880E+05  8.600E+04  O0.000E+00  3.170E+05  0.000E+00  3.850E+03

. ZN-65 5550E409  1.000E+10  8780E+09  0.000E+00  0.230E+09  0.Q00E+00  1.610E+10

ZN-69 0.000E+00  0.000E+00  O0.000E+00  0.000E¢00  0.00E+00  0.000E+00 7.360E-09
BR-82 0000E+00  0000E+00  0000E+00  O0.O00E+00 0000400  0.000E+00  0.0005¢00
BR-83 0000E+00  OO0C0E+00  O0.Q00E+00  O0.000E*00  O0.000E+D0  O0.000E+00  0.000E+00
BR-34 0.000E+400  0.000E+00  O0.000E+00  O0.000E+00  0.000E+00  0Q00E+00  0.000E+00
BR-83 0.0005400  O0.000E#00  O0000E+00  O0.000E+00  0.000E00  O0.000E+00  0.000E+00
RB-88 0000400  2220E+10  1.100E+10  O.O00E#00  O000CE+00  D.0DOEH00  5.690E+08
R8-88 00005400  O0000E¥00  O0.00E+00  O0000E+00  OOOCE+00  O0.Q00E#00  0.000E+00.
R3-89 0.0005+400  0.000E+00  O0.000E+00  0.000E+00  0.000E+00 - D.000E+00  0.000E+00
SR-89 1280E+10  0.000E+00  9.610E+08  O0000E+00  0.000E+00  O0.000E+00  2.590E+08
SR-90 1.220E+41  0000E+00  3.100E+10  0OQ00E+0C  0.000E+00  O0.000E+00  1.520E+09
SR-91 2040E+05  0.000E+00  1.080E+04 _ O0.000E400  0.000E400  O0.000E+00  3.480E+0S
SR-92 4850E+00  0.000E+00 1.730E-01 0.000E+00  0.000E+00  0.000E+00  5.010E+01
Y-90 8800E+02  O0OOCES00  1.820E+01  0.00CE$00  0.000E+00  0.000E+00  9.300E+0S

Y91M 0.000E+00 0000400  O0.000E+00  0.000E+00  0.000E*0D  0.000E+00  0.000E+00
Y81 7.330E4C4  0000E+00  1.950E+03  O0000E+00  O0.000E+00  O0.000E+00  5.260E+08
Y$2 5.220E-04 0.000E400  1470E05  O0Q00E+00  OO00CE400  O0.000E00  9.S70E0D
Y93 2250E+00  O0.000B+00  G6.430E-02  0.000E#00  0.000E+00  0.000E+00  1.780E+04
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Gaseous Effluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
INFANT
{m® *mrem/yr per uCl/sec)
Nuclide Bone Liver Thody Thyrold Kidney Lung Gitract
ZRO5 6.830E+03 1.660E+03 1.180E+03 0.000E+00 {.760E+03 0.000E+00 €.280E+05
ZR-57 3.990E400 6.950E-01 3.130E-01 0.000E+00  6.910E-01 0.000E+00 4370E+04
NB-85 6.830E+05 2440E+405 1.410E+05 0.000E+00 . 1.750E+05 0.000E+00 2.060E+08
NB-g7 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.700E-06
MO-63 0.000E+00 2.120E+08 4.130E+07 0.000E+00 3.170E+08 0.000E+00 €.580E+07
TC-68M 2690E+01 5.550E+01 7.150E+02 0.000E+00 5.870E+02 2.500E+01 1.810E+04
TC-101 0.000E+00 ~  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 8.650E+03 0.000E+00 2.010E+03 ©0.000E+00 1.810E+04 0.000E+00 1.060E+05
RU-105 8.050E-03 0.000E+00 2.710E-03 0.000E+00 5.920E-02 0.000E+00 3.210E+00
RU-106 1.000E+05 0.000E+00 2.380E+04 0.000E+00 2.250E+05 0.000E+00 1440E+06
RH-103M 0.000E+00 0.000E+00 0.000£+00 0.000E+00 ©.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ©.000E+00 0.000E+00 0.000£+00
AG-110M 3.860E+08 2.820E+08 1.860E+08 0.000E+00 4030E+08  0.000E+00 1460E+10
58122 6.400E+05 6.670E+05 8.080E+06 1.060E+05 3.160E+08 1.370E+05 T.950E+07
S$B-124 8.980E+09 1.030E+08 2.160E+09 1.850E+07 C.000E+00 43705409 2.150E+10
88-125 _4.980E+09 4.820E+07 1.020E+08 6.240E+06 0.000E+00 3.130E+08 6.840E+09
TE-125M 1.510E+08 5.040E407 2.040E+07 5.070E+07 0.000E+00 0.000E+00 7180E+07
TE-127TM  4.210E+08 1.400E+08 5.100E+07 1.220E+08 1.040E+08 0.000E+00 1.700E+06
TE-127 6.500E+03 2.180E+03 1400E+03 5200E+03 1.590E+04 0.000E+00 1.360E+05
TE-120M BS0EH0E  1.9205408 8.620E+07 2.150E+08 1.400E+09 ©0.000E+00 3340E+08
TE-129 2.080E-00 0.000E+00 0.000E+00 1.750E-00 5.180E-09 0.000E+00 1.660E07
TE-131M 3.380E+06 1.360E+06 1.120E+06 2.760E+06 ©.350E+06 0.000E+00 2.290E+07
TE-131 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ©.000E+00 0.000E+00
TE-132 2.100E+07 1.040E+07 8.720E+06 1.540E407 6.510E+07 0.000E+00 3.850E+07
1-130 3.600E+06 7.920E406 3.180E+06 8.880E+08 8.700E+06 0.000E+00 1.700E+06
131 2.720E+09 3.210E+09 1.410E409 1.050E+12 3.750E+08 0.000E+00 1.150E+08
132 1.420E+00 2.890E+00 1.030E+00 1.350E+02 3.220E+00 0.000E+00 2.340E+00
1133 3720E+07 . B.410E407 1.B80E+07 8.840E+08 6.350E+07 0.000E+00 ©.160E+06
134 0.000E+00 0.000E+00 0.000E+00 1.010E-09 0.000E+00 0.000E+00 0.000E+00
138 1210E+05 2410E405 8.800E+04 2.160E+07 2.650E+05 ©.000E+00 8.740E+04
CS-134 3.650E+10 6.800E+10 6.870E+408 0.000E+00 1.750E+10 7.180E+09 1.850E+08
CS5-136 1.850E+09 6.770E+09 2,150E+409 0.000E+00 2.300E+08 4.700E+08 8.760E+07
C€S-137 6.150E+10 8,020E+10 4.270E+09 0.000E+00 1.620E+10 6.550E+09 1.880E408
Cs-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00
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Gaseous Eifluent Pathway Dose Factors
GRASS-COW-MILK DOSE FACTORS
INFANT
(m? *mremiyr per uCi/sec)
Nuellde Bone Liver Thody Thyroid . Kidney Lung . Gltract
BA-139 455007  0.000E+D0 1.320E-08 0.000E+00 D.OOE+00  0.000E+00 2.880E-05
BA140 2410E+08  2410E+05  1.240E407  0.000E+00  B.730E+04 1.480E+08 5.920E407
BA-141 D.O00E+D0  0.000E+00  O0.000E+0D . D.000E+00  0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00  O0.000E+00  OODOE+00  O.000E+00  0.000E+00 0.000E+00 0.000E+00
LA-140 4030E+01  1.590E+01  AODOE+00  DO00E+00  O0000E+#00  D.OOCE+00  1.870E+05
LA-142 0.000E+00  O0.000E+00  O.00CE+00  O.000E+00 - 0.000E+00 0.000E+00 5.210E-08
CE-141 A330E404  2B40E+04  .3410EH03  0O00CE+00  8.450E+03  0.000E+00 1.370E+07
CE-143 ADOOE+02  20630E+05  3.020E+01 0.000E+00  7.720E+01 0.000E+00 1.5505+08
CE-144 2330E+08  O520E+05  1.300E+05  0.000E+00 3.830E+05 0.000E+00 1.330E+08
PR-143 1490E+03  5.500E+02  7.410E+01 0.000E+00  2.080E+02  0.000E+00  7.890E+05_
PR-144 0.000E+00  O0.000E+00  0.00CE+00  0.000E+00 0.000E+00 0.000E+00  0.000E+00
ND-147 B.820E402  DOBOEW2  B.550E+01 D.000E+00  3.490E+02 0.000E+00  5.740E+05
EU-134 1.080E+05  1.500E+04  O.DM0E+03  O0.000E+00  4.070E+04 O.000E+00  1.B80E+08
EU-155 22105404  2.550E+03 1320E403  O0OQ0E+00  3.710E+03 0.000E+00 3.4105+08
W-187 8420E+04  4.260E+04 1470E+04 ~ 0.000E+00  0.000E+00 0.000E+00  2.500E+08
NP-239 3640E+01  3250E400  1.B4CE+00  OODDESD0  B.490E+00 0.000E+00  §.400E+D4
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Gaseous Effiuent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS
ADULT
(m* *mremAyr per uCifsec)

Nuclide Bone Liver Toody Thyrold Kidney Lung Gltract
H3 0000E+00  1.660E+03  1.550E+03  1.560E+03  1.560E+03  1.860E+03  1.560E+03
C-14 3630E405  7.200E+404  7T250E+04  T260E404  7.260E404  7260Es04  7.260E+04
NA-24 30505405  3050E+05  3.050E+05  3.050E+05  3.0S0E+05  B.0S0E+05  3.050E+05
p-32 2060E40  1270E+09  7.830E+08  O0O0OCE+00  OOOOE+00  O0.000E+00  2.310E+09
CR-51 0.000E400  O.C0E+00  3430E+03  20505+03  7.560E+02  4.560E+03  5.640E+05
MN-5¢ 000E+00 10105406 15205405  O000E#00  3.000Ee05  OOODE+00  3.0S0E+06
MN-55 00005400  S0B0E04  O10E0S  O0.000E+00  6A4S0E04  O0OOOE$00  1.620502
FE-55 S260E405 22505405  5260E40¢  0Q00E400  OOD0EY00 12608405  1.200E+05
FE$5 38705405  G.000E+05 34905405  0.000E+00  O0.O00E+00  2540E+05  3.030E+06
co-s7 Q.000E+00  1.540E+05  2550E405  0.000E+00  OOOOE+00  0OOCE+00  3.800E+06
€0-58 QO00E+00  B5E60E+05  1270E406  0.000E400  Q.O00E#00  O0.000E+00  1.450E07
CO-60 00005400 16705406  4.340E+06  O0000E+00  O.0C0E+00 0000400  3.700E+407
NI63 BOTOE+08  B.600E#07  270E#07  O0.000E+00  O.000E+00  0.000E400  1.470E+07
NL85 = 4440502  6770E-03 2630508  O0O00E+00  O0O00EH0  DOOOEH0  1.460E-01
cu-64 OO00E+00  20630E403  1260E+03  O.000E+00  6.770E+03  0.000E+00  2200E+05
ZNes 1.650E408  5240E+08  2370E+08  0000E+00  3.500E+08  OOOCE+00  9.300E+08
ZN-63 0000E+00  0.000E+00  0.000E+00  0000E+00  0.000S+00  O.000E+00  0.000E+00
BR82 0000E+00  0.000E+00  3800E406  0.000E+00  0.000E400  O0.000E+00  4ATOE+06
BRE3 0.000E+00  D.Q00E+00  1240E02  0.000E+00  O.000E+00  O0.O00E+00  1.790E-02
BR-84 0000E+00  O0000E+00  0.000E+00  0.00CE+00,  O.000E+00  O.000E+00  O0.000E+00
BR-85 0.000E+00 ©  O000E400  O.000E400 . D.GODE+00  O.000E+00  O000E+00 . Q.000E+00
RB-86 Q.000E+00  3.410E+08 14505408  0.000E+00  C.0005+00  OOODE#00  6.140E+07
RB-88 0000E+00  O0.000E+00  O0.000E+400  0.000E+00  0.000E+D0  QO00E400  0.000E400
RB-89 QO00E+00  O0.000E+00  COOOE#00  0.000E+00  O.000E400  OO00E+00  O0.000E+00
SR89 SOS0E+09  O.000E+00  B.40E+07  O.000E+00  O0.000E+00  OOO0EH0  4.890E+08
SR90 G830E+10  0.000E+D0  2410E+10  0.000E+00  O0.000E400  DO00EH0  2840E+09
SR91 GSB0E+04  OO0OE00 2660403  OO00E+00  OOCOESD0  OOO0E+00  S.130E+05
SR-82 1.030E400  0.000E+00  4.440E-02  O.000E+00  0.000E+00  O0.000E+00  2.030E+01
Y60 8480E400  0.000E+00 2280501  0.000E+00  D0.000E+00  O0000E+00  B.8O0E+04
Y-61M 0.000E400  0.000E+00  OOOOE+00  0OC0E+00  0.000E400  0.000E+D0  0.000E+00
Y-81 1.030E403  0000E400 27605401  0.000E+00  0.000E400  O.0D0E400  5.680E+05
Y82 6510506  0.000E+00  1.800E07  O0O00E+00  Q.000E400  0.000E+00 1.140E-01
v-63 2800E02  0000E400 7720504  0.000E+00  0.000E#00  O0.000E+00  8.670E+02
ZR-95 1.140E+02 3.640E+01 2.470E+01 0.000E+00 5.710E+01 0.000E+00 1.150E+05
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Gaseous Effluent Pathway Dosa Factors
GRASS-GOAT-MILK DOSE FACTORS
ADULT '
(m? *mremiyr per uClisec).
Nuclide Bone Liver Thody Thyrold Kidney Lung Qltract
ZR97 5.110E-02 1.030E-02 4.710E-03 0.000E+00 1.5608-02 0.000E+00 3190EW3
NB-85 9.900E+03 5.510E403 2.960E+03 0.000E+00 5.440E+03 0.000E+00 3.340E+07
NB-97 0.000E+00 0.000E+00 0.00CE+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO-59 0.000E+00 3,030E+08 3.760E+05 0.000E+00 8.850E+08 D.OOE+00  7.020E+408
TC-20M 3.900E-01 1,100E+00 1.400E+01 0.000E+00 1.670E+01 5.400E-01 8.520E+02
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 1.220E+02 0.000E+00 5.270E+01 0.000E+00 4.670E+02 0.000E+00 1.430E404
RU-108 1.030E-04 0.000E+00 4.060E-05 0.000E+00 1.330E-08 0.000E+00 8.290E-02
RU-108 2.450E+03 0.000E+00 3100E+02°  0.000E+00 4.730E+03 0.000E+00 1.580E405
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 8.950E+08 8.470E+08 3.840E+08 0.000E+00 1.270E+07 0.000E+00 2.840E+09
sB8-122 T210E+04 7.5208+404 9.110E+05 1.2008+04  3.550E+04 1.550E+04 8.960E+0B
$B-124 3.090E+08 ©  5.B40E+04 1.220E+08 7.490E+03 0.000E+00 2410E+08 8.77CE+07
'SB-128 2.450E+08 2.TADE+04 5.840E+05 2A90E+03 0.000E+00 1.800E+08 2.700E+07
TE-125M 1.950E+08 7.080E+05 2.820E+05 8.880E+05 7.950E+08 0.000E+00 7.810E406
TE-127TM 8.490E+06 1.950E+08 8.690E+05 1.400E+08 2.230E+07 0.000E+00 1.840E+07
TE127 8.080E+01 2.800E401 17408401 $.970E+01 3.2808+02 0.000E+00 6.360E403 .
TE-120M 7.250E+08 2.710E+408 1.150E+06 2.400E+08 3.030E+07 0.000E+00 3.550E+07
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-131M 4.330E+04 2.120E+04 1.770E+04 3.360E+04  2.150E+05 0.000E+00 2.100E+08
TE-134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 2.870E405 1.860E+05 1.TA0E+0S 2.050E+05 1.790E+08 0.000E+00 8.790E+08
30 5.110E+05 1.510E+08 5.950E+03 1.230E+08 2.350E+08 0.000E+00 1.3005+08
=131 3.560E+08 5.090E+03 2.920E+08 1.870E+11 8.720E+08 0.000E+00 1.340E+08
1132 1.980E-01 8.250E-01 1.840E-01 1.340E+01 8.360E-01 0.000E+00 9.860E-02
1133 4.760E+08 8.280E+08 2.520E+08 1.220E+03 1.440E+07 0.0005+00 7.440E408
34 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1138 1.870E+04 4.350E404 1.810E+04 2.880E+08 8.990E+04 0.000E+00 4.920E404
C8-134 1.700E+10 4,030E+10 3.300E+10 0.000E+00 $.310E410 - 4.330E409 7.050E+08'
Cs-138 7.840E+08 3.090E+09 2.230E+09 0.000E+00 1.720E409 2.350E+08 3.520E408
CS-137 2210E+10 3.030E+10 1.980E+10 0.000E+00 1.030+10 34205409 5.8B0E+08
€S-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

————|
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GRASS-GOAT-MILK DOSE FACTORS
ADULT
(m? *mremfyr per uCifsec)

Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract
BA-139 5.640E-00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.000E-08
BA-140 3.230E+06 4.050E+03 2.110E+05 O000E+00 1,380E+03 2.320E403 6€.650E406
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 §.330E-01 2.710E-01 1.900E+04  0.000E+00 0.000E+00 0.000E+00 1.90E+04
LA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00 3.640E-09
CE-141 5.810E+02 3.830E+02 4.450E+01 0.000E+00 1.820E+02 0.000E+00 1.500E+06
CE-143 5.020E+00 3.T10E403 4.110E-01 0.000E+00 1.630E+00 0.000E+00 1.390E+05 -
CE-144 4.290E+04 1.780E+04 2.300E+03 0.000E+00 1.060E+04 0.000E+00 1450E+07
PR-143 1810E401  7.650E+00 9.450E-01 0.000E+00 4 410E+00 0.000E+00 8.350E+04
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00
ND-147 1.130E+01 1310E+01 7.820E-01 0.000E+00 7.640E+00 0.000E+00 62705404
EU-154 2.840E+03 3.400E+02 24805402 0.000E+00 1.670E403 0.000E+00 2.530E+05
BUAS5  3850E+02  G610E#01  3.620E401  0.000E+00  2590E:02 0000400  4.410E+04
w-187 T.870E+02 6.580E+02 2.300E+402 0.000E+00 0.000E+00 0.000E+00 2.160E+05
NP-239 4.300E-01 4.3208-02 2.380E-02 'D.000E+00 1.350E-01 0.000E+00 8.850E+03
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GRASS-GOAT-MILK DOSE FACTORS
(m? *mrem/yr per uCifsec)
Nucllde Bone Liver Tbody Thyroid Kidney Lung Gitract
H-3 0.000E+00 2.0308+03 2.030E+03 2.030E+03 2.030E+03 2.030E+03 2.030E+03
c14 B700E+05  1.340E405  1.340E+05  1.340E+08  1340E405  1.340E+05  1.340E+05
NA-24 5.330E405 5.330E+05 5.330E+05 5.330E+05 B330E405  5.330E+05 5.330E+05
pa2 3.780E+10 2.340E+09 1.4T0E+09 0.000E+00 0.000E+00 0.000E+00 3.150E+09
CR-51 0.000E+00 0.000E+00 8.000E+03 3.330E+03 1.310E+03 8.560E+03 1.010E+08
MN-54 0.000E+00 1.680E+08 3.330E405 0.000E+00 5.010E+05 0.000E+00 3.440E+08
MN-58 0.000E+00 9.0105-04 1.6005-04 0.000E+00 1.140E-03 0.000E+00 5.9308-02
FE-53 5.790E+05 4.100E+03 9.5708+04 0.000E+00 0.000E+00 2,600E+05 1.780E+08
FE-59 B.750E+05  1.580E+08  B8.000E+05 0.000E+00 0.000E+00 4.970E+05 3.730E+08
CO-57 0.000E+00 2.690E+05 4.520E+05 0.000E+00 0000E+00 - 0.000E+00 5.030E+08
CO-58 ~ 0.000E+00 9.540E+08 2.200E+08 0.000E+00 0.000E+00 0.000E+00 1.310E+07
C0-60 0.000E+00 3.340E+08 7.510E+08 0.000E+00 0.000E+00 0.000E+00 4.350E+07
NI-83 1.420E+09 1.000E+08 4.810E407 0.000E+00 0.000E+00 0.000E+00 1.5008+07
NI-63 8.130E-02 1.0408-02 4,730E-03 0.000E+00 0.000E+00 0.000E+00 5.840E-01
cuU-e4. 0.000E+00 4.790E+03 2.250E+03 0.000E+00  1.210E+04 0.000E+00 3.710E403
2N-65 2.330E+08 8.750E+08  4.090E+0B 0.000E+00 5.620E+08 0.000E+00 3.720E+08
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-82 0.000E+00 0.000E+00 8.670E+08 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 2.200E-02 0.000E+00  0.000E+00 0.000E+00 0.000E+00
BR-84 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR85S 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-88 0.000E+00 5.670E+08 2.670E+08 0.000E+00 0.000E+00 0.000E+00 8.400E+07
RB-88 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+400 0.000E+00
RB-39 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-89’ 5.620E+09 0.000E+00 1.160E+08 0.000E+00 0.000E+00 0.000E+00 8.690E+08
SR-90 1.350E+11 0.000E+00 3430E+11 0.000E+00 0.000E400 0.000E+00 3.900E+09
SR-01 1.21CE+0S 0.000E+00 4.810E+03 0.000E+00 0.000E+00 0.000E+00 5.480E+05
SR92 1.88CE+00 0.000E+00 8.010E-02 0.000E+00 0.000E+00 0.000E+00 4.790E+01
Y-90 15608401  0.000E+00 4.200E-01 0.000E+00 0.000E400 0.000E+00 1.200E+05
Y-g1M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-91 1.900E+03 0.000E+00 5.090E+01 0.000E+00 . 0.000E+00 0.000E+00 7.780E+03
Y92 1.200E-05 0.000E+00 3.430E-07 0.000E+00 0.000E+00 0.000E+0D 3.3008-01
Y-93 5.160E-02 0.000E+00 1.410E-03 0.000E+00 0.000E+00 0.000E+00 1.580E+03
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BGaseous Effiuent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS
TEEN
(m? *mremiyr per uCi/sec)
Nuclide Bone Liver Tohody Thyroid Kidney Lung Gltract
ZRO5 1.880E+02 6.260E401 4.310E+01 0.000E+00 .  ©.200E+01 0.000E+00 1.450E+05
ZRS7 $.300E-02 1.840E-02 6.430€-03 0.000E+00 2.790E-02 0.000E+00-  4.980E+03
NB-85 1.690E+04 9.370E+03 6.160E+03 0.000E+00 £.0B0E+03 0.000E+00 4.010E+07
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 T.610E-09
MO-89 0.000E+00 S.470E+06 1.040E+08 0.000E+00 1.250E+07 0.000E+00 £.800E+06
TC-BSM €.770E-01 1.850E+00 2.450E401 0.000E+00  2.810E+01 1.050E+00 12408403
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 2.180E+02 0.000E+00 9.310E+01 0.000E+00 7.670E402  0.000E+00 1.820E+04
RU-105 1.880E-04 0.000E+00 7.200E-05 0.000E+00 2.370E-03 0.000E+00 1.520E-01
RU-108 4.500E+03 0.000E+00 6.670E+02 0.000E+00 8.680E+03 0.000E+0D 2.160E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 C.000E+00  0.000E+00 0.000E+00
AG-110M 1.160E+07 1.090E+07 6.650E406 0.000E+00 2.090E+07 0.000E+00 3.070E+00
§B-122 9.3105+04 £.710E+04 1.180E+06 1.540E+404 4.580E+04 . 2.000E+04 1.160E+07
$B-124 5.510E+06 1.020E+05 21505406 1.250E404 0.000E+00 4.810E+06 1.1105+08
$B-125 4.380E+06 4.T90E+04 1.030E+06 4.180E+03 0.000E+00 3.850E+06 3.410E+07
TE-125M 3.600E+06 1.300E+06 4.820E+05 1.010E+06 0.000E+00 0.000E+00 1.060E+07
TE-127M 1.010£+07 3.500E+06 1.200E406 2410E+06 4100E407  0.000E+00 2.520E+07
TE-127 1490E+02 5.200E+01 3.210E+01 1.030E+02 6.050E+402 0.000E+00 1.150E+04
TE-128M 1.330E+07 4.920E+08 2.100E+06 4.280E+06 5.650E+07 0.000E+00 4.980E+07
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00
TE-131M 7.820E+04 3.780E+04 3.150E+04 5.690E+04 3.940E+05 0.000E+00 3.030E+06
TE-131 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 5.130E+05 3.250E405 3.060E+05 3.430E+05 3120E+06  ° 0.000E+00 1.030E+07
130 8.990E+05 2.600E+06 1.040E+06 2.120E+408 4.010E+06 0.000E+00 2.000E+06
1131 6.450E+08 £.030E+08 4,850E+08 2.840E+11 1.560E+09 0.000£+00 1.780E408
1-132 3.430E-01 0.110E-04 3.270E-01 3.070E+01 1.430E+00 0.000E+00 3.970E-01
1-133 8.690E+06 1ATOEHO7 4.500E+06 2060E+08 2.500E+07 0.000E+00 11206407
134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-135 2.960E404 7.620E+04 2.820E+04 4.900E+06 1.200E+05 0.000E+00 8.440E+04
CS-134 28405410 6.930E+10 3.210E+10 0.000E+00 2.200E+10 8.410E+09 8.620E408
'C$-136 1.330E+09 8.250E+09 3.530E+089 0.000E+00 2.850E+09 4.510E+08 4.230E+08
CS-137 4.020E410 5.340E+10 1.860E+10 0.000E+00 1.820E+10 7.0606+09 7.600E+08
€s-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400
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GRASS-GOAT-MILK DOSE FACTORS
TEEN
(m? *mrem/fyr per uClisec)

Nuclide Bone Liver Thady Thyrold Kidney Lung Gltract
BA-139 1.040E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 ~ 0.000E+00 9.310E08
_BA-140 5.330E+08 7.140E+03 3.750E+05 0.0005+00 24208403 4.300E+03 8.980E+06
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E400 0.000E+00  0.000E+00 0.000E+00
BA-142 0.000E+00 0.0005+00 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 9.760E-01 4.750E-01 1.260E-01 0.000E+00  0.000E+00 0.000E+00 2.730E+04
LA-142 1.9808-12 8.780E-13 2.190E-13 0.000E+00 0.000E+00 0.000E+00 2.670E-08
CE-141 1.060E+03 741084+02 8.170E+D1 0.000E+00 3.350E+02 0.000E+00 2.030E+08
CE-143 9.230E+00 B.7205403 7.500E-01 0.000E+00 3,010E+00 0.000E+00 2.020E405
CE144 . T7.900E+04 3.270E+04 4.240E+03 0.000E+400 1.950E+04 0.000E+00 1.090E+07
PR-143 3.500E+01 1.400E+01 1.740E+400 0.000E+00 8.130E+00 0.000E+00 1.150E+05
PR-144 0.000E+00 0.000E+00 0.0005+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 2.480E+01 2.370E+01 1.420E+00 0.000E+00 4.390E+04 0.000E+00 8.530E+04
EU-154 4.700E+03 8.070E+02 4.280E+02 0.000E+00 2.7205+03 0.000E+400 3.210E+05
EU-158 1.030E+03 9.970E+01 8.1705+01 0.000E+00 3.9005+02 0.000E400  5.710E+05
W-187  1.440E403 1.170E+03 4.110E+02 0.000E+00 0.000E+00 0.000E+00 3.180E+05

’ NP-239  8.390E-01 -7.910E-02 4.390E-02 0.000E+00 2.430E-01 0.000E+00 12705404
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GRASS-GOAT-MILK DOSE FACTORS
CHILD
(m? *mrem/yr per uCifsec)
Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract
H3 0.000E+00 3.200E+03 3.200E+03 3.200E+03 3.200E+03 3.200E403 3.200E+403
C-14 1.650E+06  3.250E+05 3260E+05 3.230EH05 3200E405  3.200E+05 3.200E405
NA-24 1.110E+06 1.110E+06 1.110E+06 1.110E+06 1.110E406 . 1.110E+06 1.110E406
P32 8.330E+10 4.370E+08 3.600E+09 0.000E+00 0.000E+00 0.000E+00 2.580E+09
CR-51 0.000E+00 0.000E+00 1.220E+04 6.700E+03 1.650E+03 1.240E+04 6.490E+05
MN-54 0.000E+00 2.510E+06 6.650E+05 0.000E+00 7.050E+05 0.0005+00 2.110E+06
MN-56 0.000E+00 1.570E-03 3.550E-04 0.000E+00 1.900E-03 0.000E+00 2,280E-01
FE-S5 1.450E+06 7.700E+05 2.350E+05 0.000E+00 0.000E+00 4.360E+05 1.430E+05
" FESS 1.570E+06 2.530E+06 1.260E+06 0.000E+00 0.000E+00 7.350E+05 2.640E+06
CO-57 0.000E+00 4.600E+05 8.320E+05 - 0.000E+00 0.000E+00 0.000E+00 3.770E+08
CO-58 0.000E¢00 1.480E+06 4 460E+08 0.000E+00 0.000E+00 0.000E+00 8.500E+06
CO-60 0.000E+00 5.180E+06 1.530E+07 0.000E+00 0.000E+00 0.000E+00 2.870E+07
NI-63 3.560E+08 19008408 12105408 0.000E+00 0.000E+00 0.000E+00 1.280E+07
NI-65 1.850E-01 1.870E-02 1.030E.02 0,000E+00 0.000E+00 . 0.000E+00 2.200E+00
cu64 C.OOOE+00  BA10E+03 ~ B.OBOE+03 -  0.000E+00  2030E404  0000E400  3.9508405
ZN-E5 4.950E+08 1.320E+090 8.220E+08 0.000E+00 8.330E+08 0.000E+00 2.320E+08
ZN-63 0.000E+00 0.000E+00 0.000E+00 0000E+00  0.000E+00 0.000E+00 0.000E+00
BR-82 0.000E+00 0.000E+00 1.350E+07 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.00CE+00 0.000E+00 §.620E-02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-84 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 © 0.000E+00 0.000E+00 - 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RE-86 0.000E+00 1.050E+09 6.470E+08 0.000E+00 0.000E+00 0.000E+00 6.770E+07
RB-88 0.000E+00 0.000E+00 ©  0.000E+00 0.000E+00 0.000E+00 ©0.000E+00 0.000E+00
RB-8¢ 0.000E+00 - 0.C00E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 0.000E+00
SR-89 1.390E+10 0.000E+00 3.870E+08 0.000E+00 0.000E+00 0.000=+00 £.380E408
SR80 2.350EH1 0.000E+00 6.950E+10 0.000E+00 0.000E+00 0.000E+00 3.190E+09
SR-91 2.9T0E+05 0.000E+00 1.120E+04 0.000E+00 0.000E+00 0.000E+00 6.550E+05
SR¢2 4.590E+10 6.000E+00 1.840E-01 0.000E+00 0.000E+00 0.000E+00  8.650E+01
Y80 3.850E401 0.000E+00 1.030E+00 0.000E+00 0.000E+00 0.000E+00 1.100E+05
Y-91M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-81 4.890E+03 0.000E+00  1.250E402 0.000E+00 0.000E+00 0.000E+00 €.250E+05
Y92 2.950E-05 0.000E+00 8.440E-07 0.000E+00 0.000E+00 0.000E+00 8.520E-01
Y63 1.270E-01 0.000E+00 3.480E-03 .000E+00 0.000E+400 - 0.000E+00 1.830E+03
ZR-85 4.610E+02 1.010E+02 8.030E+01 0.000E+00 1.450E+02 0.000E+00 1.060E+05
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GRASS-CGOAT-MILK DOSE FACTORS
. CHILD
(m* *mremyr per uClisec)
Nuclide Bone Liver Thody Thyrotd ~ Kidney Lung Gliract
ZR-97 2.260E-01 3.270E-02 1.930B-02  0.000E+00  4.600E-02 . O.000E+00  4.9505+403
NB-55 3810E+404  1.450E+04  1.060E+04  0.000E+00  1.390E#04  O0.00S+00  2.750E+07
NB-§7 0.000E+00°  OOO0E+00  OOOOE+00 . O.000E+00  OOO0E400  O.000Es00  1.740507
MO-59 0.000E+00  9.050E+08  2460E+08  0.000E+00  2.420E+07  OQ.000E+00 8.230E+08
TC-59M 15505400  3.040E+00  5.040E+01  O0.000E+00  A4A20E+04 1.550E400  1.730E+03
TC-101 0.000E+00  O0.000E+00  O0.00CE400  0.000E+00  O.00CE+00  O0.000E+00  0.000E+00
RU-103 5.150E+#02  O0.000E+00  1.980E+02  0.000E+00  1.300E+03  O0.000E+00  1.330E+04
RU-106 4590E-04  O0OOCE+00  1.660E04  (Q.000E+00 4030503  O0.000E+00.  2990E-01
RU-108 1110E404  O000E+00  1.330E+03  O0O0DE+00  1.500E+04  O.000E+00  1.720E+05
RH-103M 0.000E+00  O.00CE+00  DOOOE+00  OOOOE+00  OODOOE400  O.000E+00  0.000E+00
RH-106 0.000E+00  O0.000E+00  D.00CE+00  O0000E+00  O0.000S400  O.0DCE+00  0.000E+00
AG-110M 2510B+07  1.690E407  1.350E+07  0.000E+00  3.150E407  0.000E¢00  2010E+09
$8-122 7.680E+04  B.010E+04  OJ00E+03  1.270E+04  3.780E+04  1.650E+04  9.540E+08
sB-124 1.300E+07  1.690E+05  AST0E+08  2880E+04  0.000E+00  7.240E408  B.150E+07
88125 10405407  B.0S0E+04  2.190E+08  9.6705403  O0.000E+00 58205408  2400E+07
TE-125M 8.850E+08  2.400E+08  1.180E+08  2480E+08  O0.000E+00  0.000E+00  B.540E+08
TE-12TM 2500407 87205408 2960E+08  S970Ee08  7.420E407  O000E+00 20205407
TE127 3670E+02  9.910E+01  7.880E+01  2540E402  1.050E+03  0.000E+00  1.440E+04
TE-129M 3270E+07  9.430E+08  S5.080E+08 10505407  O.B0OE+07  0.000E400  3.590E+07
TE-129 0.000E+00  0.000E+00  O0.000E+00  0.000E+00  O0.0005+00  O0.000E+00  7.340E-09
TE-131M 1.5205+05  G.B40E+04  7.070E+04  1.370E+05 .  B.430E405  OQQ0E+00  2.690E+08
TE-131 0.0002+00  0.000E+00  0.000E+00  0000E+00 00005400  0.000E 0.000E+00
TE132 12305408 54202405  B5S50E+05  7.900E+05  5.040E+08 00OCE+00  SAGOE+08"
130 2100E408 42505408 2.190E+08  4.G80E+08  B.50E+08  O000CE+D0  1.990E+08
#1314 1570E¢03  1.ST0E+09  BO50E+08  S210E+11  2580E409  O0.000E+00  1.400E+08
132 8.230E-01 15106400  B8.960E-01 7.020E401  2320E400  OOOOE400  1.780E+00
1-133 2410407 2610E+07  0.880E+08  4.8505+09  4.350E+07  0.000E+00  1.050E+07
134 0.000E$00  O0.000S+00  0.000E+00  0000E+00  0.000E+00  O0.OOOE+00  0.000E+00
135 7.0005404  1260E405  5960E¢04  1.120E+07  {.930E+08  O0O000E+00  9.500E+04
CS-134 8790E410  1.110E#11  2.350E#10  O0000E+00  3.450E+10  1240E+10  B.010E+0B
CS-138 3010E+09  8260E+09  5300E+09  0.000E+D0  4.410E+09 85005408  2.310E+08
€3-137 9670E+10  9260E410  1370EM0  OO00E+00  3.0205¢40  1.030EH0  5.800E+08
CS-138 0.000E+00  O.OCCE+00  0.000E400  0.000E+00  0.000E+00  D.00E+00  0.000E+00
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GRASS-GOAT-MILK DOSE FACTORS
CHILD :
(m* *mrem/yr per uCl/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
BA-139 2560E-08  0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.480E-06
BA-140 14106407 1.230E+04 8.210E+05 0.000E+00 4.010E+03 7.340E+03 7.120E+06
BA-141 0.000E+00 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000£+00
LA-140 2.310E+00 8.080E-01 2.730E-01 0.000E+00 0.000E+00 0.000E+00 2.260E+04
LA-142 4.770E-12 1.520E-12 4.770E-13 0.000E+00 0.000£+00 0.000E+00 3.020E07
CE-141 2.620E+03 1.310E+03 1.840E+02 0.000E+00 §.730E402 0.000E+00 1.630E+06
CE-143 2.270E+04 1.230E+04 1.780E+00 0.000E+00 §.150E+00 0.000E+00 1.600E+05
CE-144 1950E+05  6.400E+04  1.040E+04  OO00E+00  8.380E+04  O0O00CE+00  1.590E+07
PR-143 8.670E+01 2.600E401 4.300E+00 0.000E+00 1410E+01 0.000E+00 $.350E+04
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
ND-147 5.340E+01 4.320E401 3.350E+00 0.000E+00 2.370E+01 0.000E+00 6.850E+04
EU-15¢ 1.130E+04 1.020E+03 9.290E+02 0.000E+00 4.470E+03 0.000E+00 2.360E+05
EU-155 2.350E+03 1.700E402 1.330E+02 0.000E+00 6.630E+02 0.000E+00 4.250E+05
W-187 3.490E+03 2.070E+03 ©270E+02  0.000E+00 0.000E+00 0.000E+00 2.000E+405
NP-239 2.060E+00 1.480E-01 1.040E-01 0.000E+00 4.280E-01 0.000E+00 1.100E+04
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i GRASS-GOAT-MILK DOSE FACTORS
INFANT
(m? *mrem/yr per uCl/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gitract
Ha D.OOOE+00  4.B50E+03  A.360E+03  4.B00E+03  ABB0E+03  4.880E+03  4.860E+03
c-14 3230E+08  6.800E+05  6.800E405  G.890E+05  BBO0E+05S . G.800E+05  B.800E+05
NA-2¢ 19305408  1930E406 ©  1930E+08  1930E+08  1930E408  1.930E+06 1.930E+08
p-a2 1.920E411  1130EH0  7.4505¢09  O0.000E+00  O0.000E+00  0.000E+00  2.600E+09

CR-51 0000E+00  O0000E+00  1.040E+404  1260E+04  2760E+03 2460404  5.650E¢05

MN-54 DOOCE+00  4670E+0S  1.080E+08  0.000E+00  1.040E+08  0.000E+00  1.720E+0B

MN-58 0.000E+00  3.850E-03 6.630E04  0000E+00 3310803  0000E+00  34%0ED1
FE-5 1760E408  1.430E408  3030Ee05  0.00CE+00  OO00E#00  SS540E+05 14408403
FE-59 2920E408  5.110E+08  2010E+08  O0.000E+D0  O.DCOE+00  1.510E+08  2.440E+08

cO-57 0.000E+00  1.070E408  1750E+406  O0.000E+00  O0.00CE+00  O0.00CE+00  3.660E+08 -

co-s8 0000E#00 29105408  7.270E+08  0.000E+00 - O.O0CE+00  0.000E+00  7.260E+06
cO-80 00005400  1.050E+07  2300E+07  O000CE+00  O0.000E+00  O.000E+00  2.520E+G7
N-63 4.190E409  2.590B408  1.450E408  0.000E+00  OO0OE+00  O0.000E#D0  1.200E+07
NI-65 4210501 ATI0E02 2470502  0.000E+D0  OO000E+00  O0O0CE+00  3.830E+00
cu-84 0000E+00  2090E404  0630E+03  OOOOE+00  3540E404  ODOOE+00 4.290E+0S
. ZN-63 86B0E+08 22005409  10S0Es09  D0.000E+00  1.110E+03  O0.00CE+00  1.530E+09

ZN-69 0000E+00  O.000E+00  OO00E+00  O0.000E+00  O0000E+00  0.000E+00  0.000E+00
BR-82 0.000E+00  OOODE#00  2330E+07  O0OQODE+00  O.000E+00  O.000E+00  0.000E+00
BR-83 0.000E+00  0.000E+00  1.190E-01 00D0E+00  OO000E+00 ~ 0.000E+00  0.000E+00
BR-84 0000E400  OOO0E00  O0QOE<Q0  O000E+00  OOGCE00  0.000E+00  0.000E+00
BR-85 0.00DE+00  O0.000E+00  0.000E+00  O0.000E+00  O,000E+00  O0.000E+00  0.00CE+00
RB-86 0.000E+00 26705409  1.320E+09  0.000E+00  0.000E+00  0.O000E+00  6.5305+07
RB-83 0.000E+00  0O0O0E+00  O.00E+00  0.00DE+00  O0.000E+00  O0.000E+00  0.000E+00
RB-89 0.000E+00  0.000E+00  O0O000E+00  0.000E+00  OO00CE+00  O.000E+00  0.00CE+00
SR-83 2640E410  OO00E®00  7.580E408  O0.000E400  0.000E+00  O0.000E+00  5.4305+08
SR-90 2550E+11  0.000E+00  6.500E#10  0.000E+00  O.000E+00  O0.000E+00  3.190E+09
SRH 8180E+05  0O00E+00  2240E+04  0.000E+400  O0O0CE+00  0.000E+00  7.310E+05
SR-%2 9760E+00  0O00E+00  3.620E-01 0.000E+00  O0.000E+00  D.000E+00 = 1.050E+02
Y-00 8.160E+01  0.000E+00  2.190E+00  C.000E+00  O0.000E+00  O0.000E+00  1.130E+05

Y-31M 0.000E+00  O0.000E+00  O0.000E+00  O0.000E+00  O.000E+00  O0.000E+00  0.000E+00
Y-81 8.800E+03  O0000E+00  2340E402  0.000E+00  0.000E+00  D.OOCE+00  8.310E+05
Y-82 6270E0S  O00OCE+00  41.760E-08  0Q.000E400  O.00CE+00  O0.000E+00  1.200E+10-
-3 2700501  0000E+00  7.350E-03  0.000S+00  0.000E+00  0.000E+00  2.130E+03

I ZR-85 8.190E+02 2.000E+02 1.420E+02 0.000E+00 21505402 0.000E+00 9.940E+00
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Attachment 12
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS
INFANT
(m* *mremfyr per uCl/sec)

Nuclide Bone Liver Toody Thyrold Kidney Lung Gltract
ZR-97 4.780E-01 8.220E-02 3.760E-02 0.000E+00 8.290E-02 0.000E+00 ~  5.240E+03
NB-95 7.120E+04 2.930E+04 1.690E+04 0.000E+00 2.100E+04 0.000E+00 2470E+07
NB-67 6.580E-12 1410E-12  5.070E-13 0.000E+00 1.100E-12 0.000E+00 4.440E07
MO-g9 0.000E+00 2.540E+07 4.950E+06 0.000E+00 3.800E+07 0.000E+00 8.830E+08

TC-e5M 3.230E+00 6.660E+00 8.570E+01 0.000E+00 7.160E+01 3.480E+00 1.830E+03
TC-101" ' 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 1.040E403 0.000E+00 3.490E+02 0.000E+00  .2.170E+03 0.000E+00 1.270E+04
RU-105 9.670E-04 0.000E+00 3.260E-04 0.000E+00 7.110E-03 0.000E+00 3.850E-01
RU-106 2.280E+04 0.000E+00 2830E+03  0.000E+00 2.700E+04 0.000E+00 1.730E+405

RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 - 0.000E+00

AG-110M 4.630E+07 3.380E407 2.240E+07 0.000E+00 4.B40E407 0.000E+00 1.750E+09

§B-122 7.680E+04 £8.010E+04 £.700E+05 1270E+04 3.760E+04 1.650E+04 9.540E+406
SB-124 2510E+07 - A.700E405 . 7.790E+06 6.670E+04 0.000E+00 1.570E+07 7.750E+07
§B-125 1.750E+07 1.740E+05 3.690E+06 22506404 0.000E+00 1.130E+07 2.390E407

TEA25M 1.810E407  €.050E+06 2.450E+06 6.000E+06 0.000E+00 0.000E+00 8.620E+06

TE-127M 5.050E+07 1.880E+07 6.120E+05 = 1A60E+07 1.240E408 0.000E+00 2.040E+07
TE-127 7.800E+02 2.610E+02 1.880E+02 6.350E+02 1.800E+03  0.000E+00 1.640E+04

TE-125M 6.710E+07 2.300E+07 1.030E+07 2.580E+07 1.680E+08 0.000E+00 4,010E407
TE-129 0.000E400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.000E-08

TE-131M 4,050E+05 1.830E+05 1.350E+05 3.310E+00 1.120E406 0.000E+00 2.760E406
TE-131 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 2.520E+06 1.250E+06 1.170E+06 1.840E+06  7.B20E+06 0.000E+00 4,820E+06
130 4.320E+06 8.510E+06 8.820E+05 1.070E+08 1.040E+07 0.000E+00 2.040E+08
+131 3.270E+08 3.850E+09 1.690E+09 1270E+12 4.500E+09 0.000E+00 1,370E+08
132 1.710E+00 3.470E+00 1.230E400  1.630E+02 3.870E+00 0.000E+00 2.810E+00
+133 4. AB0E+07 6.450E+07 1.800E+07 1.180E+10 7.630E+07 0.000E+00 1.100E+07
+134 0.000E+00 0.000E+00 0.000E+00 1.210E-09 0.000E+00 0.000E+00 0.000E+00
H35 1.460E+405 2.900E+05 1.060E+05 2.600E+07 3.230E+05 0.000E+00 1.050E+05
CS-134. 1.090E+11 2.040E+11 2.060E+10 0.000E+00 5.250E+10 2.150E+10 6.540E+08
CS-136 5.880E+0S 1.730E+10 6.460E+09 0.000E+00  6.000E+09 1.410E+03 2.630E+08
Cs-137 1.540E+11 1.810E+11 1280E+10  0.000E+00 4.B50E+10 1.850E+10 5.650E+08
CS-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00  0.000E+00 0.000E+00 0.000E+00
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Attachment 12 .
Gaseous Effluent Pathway Dose Factors
GRASS-GOAT-MILK DOSE FACTORS
INFANT T
(m? *mrem/yr par uClsec)

* Nucltde Bone Liver Thody Thyroid Kidnay Lung Gltract
BA-139 5.450E-08 0.000E+00 1.580E-09 0.000E+00 0.000E+00 0.000E+00 3.450E-08
BA-140 2.850E+07 2.890E+04 1.490E+08 0.000E+00 B8.870E+03 1.780E+04 7.110E408
BA-141 0.000E+00 0.000E+00 C.000E+Q0 0.000E+00 0,0005+00 0.000E+00 0.000E+00

" BA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
LA-140 4BI0E400 19102400 4.900E-01 0.000E+00 0.000E+00 0.000E+00 2.240E404
LA-142 0,000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CE-141 5.200E+403 3.170E+03 3.730E+02 0.0005+00 9.780E+02 0.000E+00 1.840E+06
CE-143 4.800E+01 3.180E+04 3.830E+00 C.000E+00 9.27CE+00 0.000E+00 1.850E+05
CE-144 270E+05 . 1.140E+05 1.560E+04 0.000E+00 4.820E+04 0.000E+00 1.600E+07
PR-143 1.7908+02 8.710E+01 8.890E+00 0.000E+00 2.430%+01 0.000E+00 9.470E+04
PR-144 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E400 . 0,000E+00 0.000E+00
ND-147 1.060E+02 1.090E+02 .660E5+00 0.000E+00 4.190E+01 0.000E+00 8.890E+04
EU-154 1.300E+04 1.800E+03 1.030E+03 0.000E+00  4.890E+03 0.000E+00 22505405
EU-155 2 850E+03 9.080E+02 1.5808+02 0.000E+00 6.3505+02 0.000E4D0 .  A.100E+03
w-187 7.3508+03 5.110E+03 1.770E+03 0.000E+00 0.000E+00 0.000E+00 3.000E+05
NP-239 3.900E-01 2210804 0.000E+00 7.730E-01 0.000E+00 1.130E+04

4.360£+00
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SAMPLE SITE

DR1
DR2
DR3

DR4

DR5
DRS, A4
DR7, A1, Ib4, Ib5, 1b6

DR8, A2

DRO, A3 .
DR10
DR11

DRi2
DR13
DR14
DR15
DR16
DR17

. DR18
DR19
DR20
DR21, A5, b7, b8, Ib9
DR22
DR23
Wai
Wa2, la1, a2
Wb1
b1, b2, b3,
Ja4, (a5

123
126

Attachment 13
Environmental Monitoring Sites for REMP
SECTOR DISTANCE! DESCRIPTION
E km mi - .
NW 06 0.4 Onsite, Along Cliffs
WNW 2.7 1.7 Rt 765, Auto Dump
w 23 14 Rt 765, Glovanni's Tavern {(Knotty
Pine)
wsw 20 1.2 RL. 765, Across from White Send
: Drive
sSw 24 1.5 Rt 765 et Johns Cresk
SSW 2.8 1.8 Rt 765 at Lusby, Frank's Garage
S 0.7 0.5 Onsite, before entrance to Camp
- Conoy :
SSE 25 1.5 Cemp Conoy Road at Emergency
Siren
SE 26 1.6 BayBreeze Road
NW 64 4.0 Calvert Beach Rd & Dacatur St
WNW €.6 4.1 Dirt Road off Mackall Rd & Parren
Rd
w 6.7 4.2 Bowen Rd & Mackall Rd
Wsw 6.1 3.8 Mackall Rd near Wallville
sw 64 4.0 Rodney Point
ssw . 6.2 3.2 Mill Bridge Rd & Tumer Rd
s 6.5 4.1 Across from Appeal School
SSE 5.9 3.7 Cove Point Rd & Little Cove Foint
Rd
SE 74 4.5 Cove Point
NW 4.4 2.8 Long Beach
. NNw 04 0.3 Onslte, near shore
WHW 193 121 Emergency Operations Faciltty
s 12,6 7.8 Solomons Island
ENE 12,6 7.8 Taylors Island, Carpenter’s Property
NNE 0.2 0.1" Intake Area
N 0.3 0.2 Discharge Area
ESE 0.6 0.4 Shoreline &t Barge Road
SSE 26 1.6 Garden Piot off Bay Breeze Rd
(Area not influenced by Plant  Patuxent River
Discharge)
E 0.9 0.6 Camp Conoy
NNW 10.7 6.7

Page 312 0f 325

Kenwood Beach

1 Distance and direction from the centra! point of the two containment buildings.
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. Attachment 14
. . Radlological Environmental Monitoring Program
Surveiflances for Direct Radiation

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL

GAMMA DOSE®™ mR at least quarterly @ - N/A

{1) Each sample point shall be monitored using two or more dosimeters OR one Instrument for measuring and
. recording dose rate continuously.
(2 LLD for TLDs used for environmental measurements shan be in aceordance with the recommendations of
Regulatory Guide 4.13.
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Attachment 15 , ;
Radiological Environmental Monitoring Program
Surveillances for Alrborme Activity

RADIOIODINE CANNISTER
PARAMETER UNITS FREQUENCY - LLD ACTION LEVEL @
131 pCim® atleastweekly 0.07 0.9
PARTICULATE FILTER (1)
PARAMETER . UNITS FREQUENCY LLD ACTION LEVEL ®
Gross Beta Activity | pCUm® atleastweekly® | . 0.0 NA®
Cs-134 pCim® | atleast quarterly 0.05 10.0
Cs-137 pcUm® | atleastquartery® | o006 | 20,0

(1)
2
(3
4

(5

All samples consist of continuous sampler operation with sample collection weekly, or more frequently if
required by dust loading.

Anzalyze for gross beta ectivity 24 hours or more after sampling to aliow for radon and thoron daughter

decay.

Although thers ks not an ACTION Level for gross beta activity, if this parameter Is greater than ten times the

gaar!y mean of the control sample, KLerform GAMMA ISOTOPIC YSIS on the individua! sample.
erform a GAMMA ISOTOPIC ANALYSIS of a quarterly COMPOSITE SAMPLE. A seperate COMPOSITE

SAMPLE shall be prepared for eéach sample location, A1 thru A5. Each COMPOSITE SAMPLE shallbe &

pre[::]ared from Individual particulats filter samples collected during the epplicable calendar quarter end from
& single location. ~ .

" I an ACTION Level Is exceeded, check the Initiating conditions listed In Radiological Environmental

Mentitoring Program section §.¢ and Radiological Environmental Monitoring Program section 5.d, and
perform the corrective actions specified in Radiological Environmenta! Monitoring Program section 7.d
and/or Radiological Environmental Monitoring Program section 7.e.
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Radiological Environmental Monitoring Program
. Survelllances for Watsrborne Activity -
SURFACE WATER SAMPLE
PARAMETER | UNITS | FREQUENCY | LD | ACTIONLEVEL®-
H-3 pci atleast quarterly | 20009 . 20,000
Mn-54 pCift at least monthly 15 1000
Fe-59 pCift at least monthly 30 400
Co-58 pCin at least monthly 15 1000
Co-60 pCin at least monthly 15 300
Zn65 pCin at least monthly 30 300
Zr-95/Nb-95 pcit at least monthly 15 400
131 - pcin at least monthly 1 2
Cs-134 - pcnn - at least monthly 15 30 .
. . Cs-137 pCin at least monthly 18 50
Ba-140/La-140 pCin at least monthly 15 200
SHORELINE SEDIMENT SAMPLE
PARAMETER UNITS FREQUENCY LLD ACTION LEVEL @
Cs-134 pCikg, dry | atleastsemiannually | 150 N/A
Cs-137 | pClkg,dry | atleastsemiannually | 180 NA

(;) The water sampla shall bs a composits of individual samples collected ovar a 1 month |=Perlm!.

) If an ACTICON Level Is exceaded, check the Initiating conditions (isted in sections REMP SECTION 5.c and

gggg gEEgTTlgﬁ ;.d.‘ and perform the comrective actions specified in section REMP SECTION 7.d and/or
8. '

3 if a drinking water pathway does not exist, a valua of 3000 pCit may be used.

(%) if a drinking water pathway does not exist, a valus of 30,000 pCil may be used.

(5 LLD for drinking water samples. If no drinking water pathway exists, the LLD of the gamma isotoplc
_ analysis may bs used. _




Offsite Dose Calculation Manual " Page3160f325
Revision 6

Aftachment 17
Radiological Environmental Monltoring Program
. - Surveillances for Ingestible Activity

FISH AND INVERTEBRATES ‘"

PARAMETER | = UNITS FREQUENCY LLD | ACTION LEVEL ®
© Mn-54 pCifkg, wet @ 130 30,000
Fe-59 pCilkg, wet @ 260 10,000
Co58 | pCikg, wet @ 130 30,000
"Co-60 pCirkg, wet @ 130 | 10,000
Zn-65 | pCikg, wet @ 260 20,000
Cs-134 pCifkg, wet @ 130 1000
Cs-137 pCifkg, wet @ 150 2000
MILK L
PARAMETER UNITS FREQUENCY LLD | ACTION LEVEL ®
31 pCin, wet | etleast monthiy® | 1 3
Cs134 pcll,wet | stleastmontly™® | 45 | 60
Cs-137 pCiA, wet at least monthly ¢! 18 70
Ba-140/La-140 pCiA, wet gt least monthly @ | 15 300
FOOD PRODUCTS
PARAMETER UNITS FREQUENGY LLD |- ACTION LEVEL®
31 - pClkg, wet | stleast montnly™ | 60 100
Cs-134 pClikg, wet atleast monthly™ . | 60 1000
Cs-137 pClikg, wet | at least monthly™ 80 2000

(1)
2

g
(%)

Edible portions of the fish and inverfebrates shall be used for analysls. .
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 ana only if the milk is commercially evallable in quantities
ﬁreater than 310 liters per year (see NUREG-0133, 5 111& v :

an ACTION Level Is exceeded, check the inftiating conditions listed In Radiological Environmental
Monitoring Program section 5.¢ end Radiological Environmental Monitoring Program section 5.d, end
perform the corrective actions specified in Radiological Environmental Monitaring Progrem section 7.d
and/or Radiologlca! Environmental Monitoring Program section 7.e.
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Attachment 18
Monttoring Sites for REMP (5
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C Attachment 19 .
Map of Environmental Monitoring Sites for REM
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ST. ATIOﬁ DESCRIPTION

Attachment 20
Environmental Monitoring Sites for ISFSI

Page 319 0f 325

DISTANCE' DIRECTION!

1 Distanca and direction from the Central Point of the ISFSI.
2 Common 1o both the REMP and the ISFSIMP.

(Kilometers) _(Sector)

AIR SAMPLERS , :
AtZ On Site Bafore Entrance to Camp Conoy 0.7 SE
SFA1 Meteorological Station - 0.4 Nw
SFA2 CCNPP Visitor's Center 0.7 NNE
SFA3 North Northwest of ISFSI 0.1 NNW
SFA4 South of ISFS} 0.4 S

TLD LOCATIONS
SFDR1 : Southwest of ISFSI 0.1 sw
SFDR2 North of ISFSI 0.1 N
SFDR3 North Northeast of ISFSI 0.1 NNE
SFDR4 Northeast of ISFSI <0.1 NE
SFDRS East of ISFSI <0.1 E
SFDR8 East Southeast of ISFSI 01 ESE -
SFDR7 CCNPP Visitor's Center 0.7 NNE
SFDR8 North Northwest of ISFSI 0.1 NNW
SFDR9 South of ISFSI 04 s
SFDR10 Narth Northwest of ISFSI 0.1 NNW
SFDR11 West Northwest of ISFSI 01. WNW
SFDR12 West of ISFSI| <0.1 W
SFDR13 * South Southwest of ISFSI <0.1 ssw
SFDR14 South Southeast of ISFSI - 0.4 SSE
SFDR15 East Northeast of ISFS| <0.1 ENE
SFDR18 West Southwest of ISFSI <0.1 wWsw
DR72 On Sita Before Entranca ta Camp Conoy 0.7 SE
DR30 Meteorological Station 04 Nw

VEGETATION . ’
SFb1 Meteorological Station 04 NW
SFb2 CCNPP Visitor's Center 0.7 . NNE
SFb3 North Northwest of ISFSI 0.1 NNW
SFb4 South of ISFSI* 0.1 [
SFbs On Sits Befora Entrance to Camp Conoy 07 SE

- sol _

SFs1 Meteorological Station 04 NW
SFS2 CCNPP Visitor's Center 0.7 NNE
SFS3 North Northwest of ISFSI 0.1 NNW
SFS4 - South of ISFSI 0.1 S
SFS5 On Site Before Entrance to Camp Conoy 0.7 SE



Offsite Dose Calculation Manual

Revision 6

NW

WHRW

-
.
Y
3
]
3
]

B i T
‘ Y
.

‘

Page 320 of 325

Attachment 21
Map of Environmental Monitoring Sites for ISFSI
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. Map of Environmental Monitoring Sites for ISFSI (ENLARGED)
DR30 ' : N
NNW H 'A
PIC3
SFA1 NNE
NW
NE
WKW ENE
w E -
. <" SFDR18
® / @ s st
sFDRf  SFDR13 . e
sw o . SFDR9 .. DRT _
3 SFA4 - PICZ- .
PICE A1 ‘
- SSW sSE sE .“._‘
A = AlrSample $

DR - (Plant) Direct Radistion
SFOR = Spens Fuel Driect Redintion
SFA =+ Spent Fusl Alr Sampler
PIC . - Pressurived Jon Chamber
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Effluent Radiation Monttors
Description Radiation
~ Element

Liquid Waste Discharge Radlation Monitor 0-RE-2201
Steam Generator Blowdown Effiuent Radlation Monitor " 1-RE-4095
Steam Generator Blowdown Effiuent Radiation Monitor 2-RE-4085
Steam Generator Blowdown Tank Radiation Monitor 1-RE-4014
Steam Generator Blowdown Tank Radiation Monitor 2-RE-4014
Wide Range Gas Monitor, Low Range 1-RE-5416
Wide Range Gas Monitor, Low Range 2-RE-5416
Westinghouse Piant Vent Stack Monitor 1-RE-5415
Westinghouse Plant Vent Stack Monitor 2-RE-5415 -
GASEOUS RADWASTE PROCESSING SYSTEM Radiation 0-RE-2191
Monitor S

Accident Monitors Not Addressed By The ODCM
Wide Range Gas Monltor, Mid Range 1-RE-5417

Wide Range Gas Monitor, High Range 1-RE-5418
Wide Range Gas Monttor, Mid Range - 2-RE-5417

Wide Range Gas Monitor, High Range 2-RE-B418

. Page 322 of 325

Radiation
Indicator
0-RI-2201
1-R1-4095
2-RI-4D95
1-RI-4014
2-RI-4014
1-RIC-5415
2-RIC-5415
1-RI-5415
2-RI-5415
0-RE-2181
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Attachment 24

List of Eifectiva Pages

Change No.

Page No.

-

)

66

88

100

101

102

103

104
105
108

107

108

109

10
111

112

113

114

118

118

117
118

119

120

Change No,

Page No

81

4

72

74

78

31

a7

63
89

Change No,.

Paga No

31

C. 3

37

39

A

42

47

51

58

Changs No.

Paga No.

10
1

12
13
14

15
18
17
18
19

21

24

25
28

23

30
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. List of Effective Pages
Page No ChangeNo. | PagaNo, | ChangsNe. | PagaiNo Change No. Page No Changa No.
241" 0 2n 0 301 -0 :
242 o 212 0 302 0
243 o 2713 0 303 0
244 0 274 0 304 0
245 0 275 0 305 0
248 0 278 0 208 0
247 0 277 0 307 0
248 0 278 0 308 0
249 0 279 0 309 0
250 0 280 0 310 0
251 0 281 0 an 0
252 0 282 0 312 0
253 0 233 0 313 0
254 0 284 0o 314 0
255 0 285 0 315 0
256 0 288 0 318, 0
. 257 o 287 0 317 0
253 0 288 0 318 ]
259 0 289 0 319 0
260 0 290 0 220 0
261 0 291 0 az 0
262 .0 292 0 22 0
283 0 293 0 az3 0
2654 0 - 204 0 324 0
265 0 205 0 axs 0
268 0 298 0
267 0 297 0
268 0 298 0
269 0 298 |0
270 0 300 0




