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PART 1.0: PURPOSE AND APPLICABILITY/SCOPE

PURPOSE

A. The ODCM lists the radiological effluent controls established by Technical Specifications
5.5.1 and 5.5.4 at Calvert Cliffs Nuclear Power Plant (CCNPP) for the purpose of
ensuring the amount of radioactive materials released to the environment are as low as
reasonably achievable.

€002/20

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 effluent radiation monitoring systems.

€002/20

D. The ODCM defines and establishes controls for the Radnologlcal 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 (CCNPPI) which is either
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

Constellation Generation Group, Technical Services, Analytical Chemistry Unit

£002Z/L0

2
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
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This manual is appllcable to the determlnatlon of alarm and fi xed setpornts forthe
following radioactive liquid effluent monitoring instrumentation: T

1. 0-RE-2201
2. 1k RE-4014 |
3. 172-RE4095

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

1. Radioactive material in gaseous waste discharged from CCNPP
2. Radioactive ‘material in quuid waste discharged from CCNPP '
3. Radioactive material contained in outside storage tanks at CCNPP

This manual is applicable to the determination of the radlologlcal effects on the . o
envnronment due to the presence of Calvert Clrffs Nuclear Power Plant ‘

" The ODCM is based on Technlcal Specrt‘ catlons and CCNPPls mterpretatlon of mdustry
‘standards and practices. L .. o .. o

£002/20
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PART 2.0: DEFINITIONS AND REFERENCES

DEFINITIONS

The defined terms of this section appear in capitalized type and are applicable throughout these Controls.
ABNORMAL AND/OR UNANTICIPATED RADIOACTIVE RELEASE:

Any unplanned or uncontrolled release of radioactive material from the SITE BOUNDARY.

ACTION:

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

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

CHANNEL CALIBRATION:

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel output such that it
responds with the necessary range and accuracy to known values of the parameter which the channel
monitors. The CHANNEL CALIBRATION shall encompass the entire channe!l 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 channe! steps such
that the entire channel is calibrated.

CHANNEL CHECK:

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

CHANNEL FUNCTIONAL TEST:

a. An analog CHANNEL FUNCTIONAL TEST shall be the injection of a simulated signal into the
channel as close to the primary sensor as practicable to verify OPERABILITY including alarm
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 nondiscreet volume; e.g., from
a volume or system that has an input flow during the CONTINUOUS RELEASE. (NUREG-0133, P. 14.)
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CONTINUOUS SAMPLING FREQUENCY Do - RN

A CONTINUOUS SAMPLING FREQUENCY is a sampling arrangement that provndes for unmterrupted X
sampling flow under normal operatmg ‘conditions. During periods of sampling mterruptlon the
requirement for continuous sampling is considered to be met, provided the interruption is less than one
hour AND plant conditions are such that no adverse trend in effluents would be present during the period
of mterruptuon Interruptions in continuous sampling during changing plant conditions OR interruptions in
continuous sampling for greater than one hour must be evaluated to determme if an ODCM vuolatlon has
occurred. .

DOSE EQUIVALENT IODINE-131

DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (microcuries per gram) which alone would
produce the same thyroid dose as the quantlty and isotopic mixture of I-131, 1132, 1-133, I-134, and 1-135
actually present. The thyroid dose conversion factors used for this calculatlon shall be those Ilsted in Table
Il of TID-14844, "Calculation of Distance Factors for Power and Test Reactor Sites." R :

REQUENCY NOTATION:

The frequency notation specnt" ied for the performance of Survelllance Requrrements shall correspond to
the intervals defined in the following Table . . '

Frequency Notation Table '
- NOTATION © . _FREQUENCY

S © - Atleastonce per 12 hours
D ~_ Atleastonce per24 hours' .
w | : P At least once per7days
M ) " Atleast once per 31 days
Q Atleast once per 92 days - .
SA o Atleast once per6 months "
R ’ ». o At Ieast once per 18 months
- 8S/U o S . Pnonto each reactorstartup
P . Completed prior to each release
N.A. Notapplicable

Refueling Interval At Ieast once per 24 montha
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GAMMA ISOTOPIC ANALYSIS:

A GAMMA ISOTOPIC ANALYSIS is a analytical method of measurement used for the identification and
quantification of gamma-emitting radionuclides. ’

GASEOUS RADWASTE PROCESSING SYSTEM:

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

GSC:
GSC stands for General Supervisor Chemistry.
LIQUID RADWASTE PROCESSING SYSTEM:

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

LOWER LIMIT OF DETECTION:

The LLD is the smallest concentration of radioactive material in a sample that 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.

MEMBERS OF THE PUBLIC:

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

OFFSITE DOSE CALCULATION MANUAL:

The OFFSITE DOSE CALCULATION MANUAL (ODCM) shall contain the methodology and parameters used
in the calculation of offsite doses resulting from 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 Operating and Radioactive Effluent Release Reports required by Technical g
Specification 5.6.2 and 5.6.3. S
(%]

OPERABILITY:

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

OPERATIONAL MODE:

An OPERATIONAL MODE shall correspond to any one inclusive combination of core reactivity condition,
power level and average reactor coolant temperature specified below.
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Operatlonal Modes .

MODE - . REACTIVITY . - "% RATED THERMAL  AVERAGE COOLANT
0= 'CONDITION, Kt . . .: POWER* TEMPERATURE -
POWER OPERATION 2099 o 55% . 2300 °F -
STARTUP 20.99 <5% . 2300 °F
~ HOT STANDBY _. <099 = .. 0. .. 2300°F
HOT SHUTDOWN <099 N 300 °F > T o > 200 °F
COLD SHUTDOWN <099 o 0 <200 °F
REFUELING** <095 - 0 - <140°F
* " Excluding decay heat. ‘ ’
.- Reactor vessel head unbolted or removed and fuel In the vessel

PROCESS CONTROL PROGRAM:

PROCESS CONTROL PROGRAM shall contain the current forrnula samplmg. 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
regulatlons govemlng the dlsposal of the radloactlve waste.

PROJECTED DOSE: ‘ ‘
A reasonable estimate of dose expected as a result of future radloactlve releases
PURGE OR PURGING:

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

RATED THERMAL POWER:

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

SIMULTANEOUS RELEASES:

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

SITE BOUNDARY:

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

SOURCE CHECK:

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

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

TYPICAL RADWASTE RELEASES are defined as (1) all releases conducted during any calendar quarter
while either Unit 1 or Unit 2 is in mode 1, and also includes (2) all releases conducted during any
calendar quarter following mode 1 operation of either Unit 1 or Unit 2.

UNRESTRICTED AREA:

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY access to which is not
controlled by the licensee for purposes of protection of individuals from exposure to radiation and
radioactive materials, or any area within the SITE BOUNDARY used for residential quarters of/for
industrial, commercial, institutional, and/or recreational purposes.

VENTILATION EXHAUST PROCESSING SYSTEM:

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

VENTING:

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

WASTE GAS HOLDUP SYSTEM:
See GASEOUS RADWASTE PROCESSING SYSTEM.
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PART 3.0/4.0: CONTROLS AND SURVEILLANCE REQUIREMENTS

CONTROLS

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

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

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

1. At least HOT STANDBY within the next 6 hours,
2. At least HOT SHUTDOWN within the following 6 hours, and
3. At least COLD SHUTDOWN within the subsequent 24 hours.

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

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

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

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

3. At least COLD SHUTDOWN within the subsequent 24 hours.
This specification is not applicable in MODES 5 or 6.
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SURVEILLANCE

4.01 Surveillance Requirements shall be applicable during the OPERATIONAL MODES or
other conditions specified for individual Control unless otherwise stated in an individual
Surverllance Requnrement

4 0 2 Each Surveillance Requirement shall be performed within the specrf ed time interval wrth a
maximum allowable extensnon not to exceed 25 percent of the specified survelllance mterval

4.0.3 Fallure to perform a Survelllance Requrrement within the allowed survelllance mterval
defined by Control 4.0.2, shall constitute noncompliance with the OPERABILITY requnrements
for a Control. The time hmlts of the ACTION requirements are applicable at the time it is
identified that a Surveillance Requirement has not been performed. However, this time of
applicability may be delayed for up to 24 hours to pérmit the completion of the surveillance -
when the allowable outage time limits of the ACTION requirements are less than 24 hours.
Surveillance Requirements do not have to be performed on inoperable equipment.

4.0.4 Entry into an OPERATIONAL MODE or other specified condition shall not be made unless

" the Surveillance Requirement(s) associated with the Control have been performed within the

stated surveillance interval or as otherwise specified. This provision shall not prevent passage
through or to OPERATIONAL MODES as required to comply with ACTION requirements.
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MONITORING INSTRUMENTATION

RADIOACTIVE GASEQUS EFFLUENT

CONTROLS

3.3.3.9 The radioactive gaseous effluent monitoring instrumentation channels shown in Table

3.3-12 shall be OPERABLE with their alarm or alarm-with-automatic-termination setpoints setto |3
ensure that the limits of Control 3.11.2.1 are not exceeded. The setpoints of these channels 8
shall be determined and adjusted in accordance with the methodology and parameters in the
ODCM.
APPLICABILITY: As shown in Table 3.3-12.
ACTION:
a. With a radioactive gaseous effluent monitoring instrumentation channel alarm g
setpoint less conservative than required by the above Control, without delay |8
suspend the release of radioactive gaseous effluents monitored by the affected 8
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative.
b. With less than the minimum number of radioactive gaseous effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.3-12,
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Annual Radioactive Effluent Release
Report why the inoperability was not corrected in a timely manner.
c. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

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

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

INSTRUMENT
1. WASTE GAS HOLDUP SYSTEM .

a. Noble Gas Activity Monitor - Providing "

Alarm and Automatic Termmatlon of
Release '

b. Effluent System Flow Rate Measuring

Device
2. MAIN VENT SYSTEM |
a. Noble Gas Activity Monitor
b. lodine Sampler

Particulate Sampler

o

d. Tritium Sampler

At all times

MINIMUM CHANNELS

OPERABLE

APPLICABILITY ACTION

* 35
* 36
* 37
* 38
* 38
* 38
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TABLE 3.3-12 (Continued)

ACTION 35 -

ACTION 36 -

ACTION 37 -

ACTION 38 -

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, effluent releases via the
affected pathway may continue provided samples are continuously
collected as required in Table 4.11-2 with auxiliary sampling equipment.
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INSTRUMENT

TABLE 4.3-11 N
RADIOACTIVE GASEOUS EFFLUENT MONITORING INST

SURVEILLANCE REQUIREMENTS

1. WASTE GAS HOLDUP

SYSTEM

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

Release

b. Effluent System Flow Rate D¥ NA

Measuring Device

2. MAIN VENT SYSTEM

a. Noble Gas Activity Monitor
b. lodine Sampler
c. Particulate Sampler

d. Tritium Sampler

*

NA

£ 2 5 o

NA

NA -

" CHANNEL 'SOURCE ~ CHANNEL
. CHECK  CHECK ' CALIBRATION

R®

B

NA

" NA .
NA

~CHANNEL
. FUNCTIONAL
IEST .

SA

NA

s
" NA

NA

NA

At’all times other-than wher{ fhé line is valued out and lockéd

RUMENTATION

_--MODES IN

" WHICH
SURVEILLANCE

-REQUIRED
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TABLE 4.3-11 (Continued)

TABLE NOTATION

M 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 measured levels above the alarm-with-automatic-
termination setpoint.

€002/L0

2. Circuit failure.

3. Instrument indicates a downscale failure.
2
) The CHANNEL FUNCTIONAL TEST shall also demonstrate that Control Room
alarm annunciation occurs if any of the following conditions exists:

1. Instrument indicates measured levels above the alarm setpoint.
2. Circuit failure.

3. Instrument indicates a downscale failure.

3
3) The initial CHANNEL CALIBRATION shall be performed using one or more of

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

“@ The CHANNEL CHECK shall consist of verifying indication of flow during periods

of release and shall be made at least once per 24 hours during periods in which
effluent releases are made.
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RADIOACTIVE LIQUID EFFLUENT

CONTROLS

3. 3 3.10 The radloactlve liquid effluent monltonng mstrumentatlon channels shown in Table
3.3-13 shall be OPERABLE with their alarm or alarm-with-automatic-termination setpoints set to
‘ensure that the limits of Control 3.11.1.1 are not exceeded. The setpoints 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 radioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above Control, without delay -
suspend the release of radioactive liquid effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative.

b. With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.3-13.
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.

c. The provisions of Controls 3.0. 3 and 3 0 4 are not apphcable

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 CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the frequencnes
shown in Table 4.3-12.

~ €002/L0

€002/20
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TABLE 3.3-13

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

MINIMUM
INSTRUMENT CHANNELS APPLICABILITY ACTION
OPERABLE

1. GROSS RADIOACTIVITY MONITORS

PROVIDING ALARM AND AUTOMATIC

TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line 1 (1) 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) At all times.
(2) At all times while process flow is present.
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TABLE 3.3-13 (Continued)

1

ACTION STATEMENTS

A@:;rlON 28 - “‘_With‘th'e number of channels OPERABLE less than required by the
. ‘Minimum Channels OPERABLE requirement, effluent releases may
continue provided that prior to initiating a release'

a. Atleasttwo independent samples are analyzed in accordance wuth
Control 4.11.1.1.1, and

b. Atleast two technically qualiﬂed members of the Facility Staff
- independently verify the release rate calculations and two qualified
operators verify the discharge valve ||ne up

ACTION 29 - With the number of channels OPERABLE less than requwed 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. Atleast once per 12 hours when the specific activity of the
secondary coolant is greater than 0.01 microcurie/gram DOSE
EQUIVALENT 1-131.

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 1-131.

ACTION 30 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via this
pathway may continue provided the flow rate is estimated at least once
per 4 hours during actual releases. Pump performance curves may be
used to estimate flow.
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TABLE 4.3-12
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONA
INSTRUMENT CHECK CHECK CALIBRATION L
TEST

1. GROSS RADIOACTIVITY MONITORS

PROVIDING ALARM AND AUTOMATIC

TERMINATION OF RELEASE

a. Liquid Radwaste Effluent Line D P R® sai"

b. Steam Generator Blowdown Effluent Line D P R@ SAM
2. FLOW RATE MEASUREMENT DEVICES

a. Liquid Radwaste Effluent Line D® NA R NA

b. Steam Generator Blowdown Effluent Line [ NA R NA
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TABLE 4.3-12 (Continued)

TABLE NOTATION

(1) 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 lndrcates measured Ievels above the alarm or fixed setpoint.
2. Circuit failure.

3. Instrument indicates 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.

(3) CHANNEL CHECK shall consist of verifying indication of flow during perlods of

" release. CHANNEL CHECK shall be made at least once per 24 hours durlng
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 Il, 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 Radioactive liquid wastes shall be sampled and analyzed according to the sampling
and analysis program of Table 4.11-1.

4.11.1.1.2 The results of the radioactivity analyses shall be used in accordance with the
methodology and parameters in the ODCM to assure that the concentrations at the point of
release are maintained within the limits of Control 3.11.1.1.
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TABLE 4.11-1 P

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

LIQUID oAUPLNG . ANALYSIS.  TYPEOFAcTiviTy ~ LOWERLIMIT OF
RELEASE TYPE FREQUENCY . F_REQ.UElNCY“ ... ANALYSIS . (LLD)* (mCilml)
A. Batch Waste P : P Principal Gamma - 5x10”
Releases® Each Batch Each Batch _Emitters®
. : ; - 1-131 . . 1x10™
Mo-99, Ce-144 . 2x107°
P M H-3 1x10~
Each Batch Composited Gross Alpha 1x10”
P Q
Each Batch Composite?  Sr-89, Sr-90 : 5x10°®
B. Turbine Building M M Principal Gamma 5x10”
Sump Emitters®
1-131 - 1x10°

~Mo-99, 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:
LLD = 4.665[,
Ee Ve 222x10%°e Yo exp(-1At)
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 period, and time of counting.

Typical values of E, V, Y, and At should be used in the calculation.
It should be recognized that the LLD is defined as an a priori (before the fact)

limit representing the capability of a measurement system and not as an a
posteriori (after the fact) limit for a particular measurement.
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TABLE 4.11-1 (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 5.6.3. .

£002/20

A COMPOSITE SAMPLE |s one |n which the quantlty of llqu1d sampled is
proportional to the quantity of liquid waste discharged in which the method of
sampling employed results ina specnmen thatis representatlve of the liquids
released ‘ :
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LIQUID EFFLUENTS:

Dose

CONTROLS

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

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

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

APPLICABILITY: At all times.

ACTION:

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

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

SURVEILLANCE REQUIREMENTS

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

Liquid Radwaste Processing System

CONTROLS

3.11.1.3 The LIQUID RADWASTE PROCESSING SYSTEM shall be used to reduce the .

radioactive materials in liquid wastes prior to their discharge when the calculated doses dueto

the liquid effluent to UNRESTRICTED AREAS exceeds 0.36 mrem to the total body or 1.20
mrem to any organ in a 92 day period.

- APPLICABILITY: Atall times.
ACTION:
a. With radioactive hquid waste belﬁg‘d.lschar'ged without 'prooe"ssllri'g 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 |nformat|on )
1. Explanatlon of why liquid radwaste was being discharged WIthout '
processing, identification of any inoperable equnpment or subsystems,
and the reason for the inoperability, S

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

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

4.11.1.3 Doses over a 92-day period due to liquid releases to UNRESTRICTED AREAS shall
be calculated at least once per 31 days in accordance with the methodology and parameters in

the ODCM.
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GASEQUS EFFLUENTS:

Dose Rate

CONTROLS

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

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

b. For iodine-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 Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

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

4.11.2.1.2 The dose rate due to iodine-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

Emitters -

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
GASEOUS SAMPLING MINIMUM - - TYPE OF LOWER LIMIT
RELEASE TYPE FREQUENCY ANALYSIS ACTIVITY OF DETECTION
: FREQUENCY ANALYSIS (LLD)* (jCi.ml)
A. Waste Gas P " ", P . . Principal Gamma. - 1x10*
Storage Tank Each Tank . Each Tank Emitters® : ‘
o -7~ Grab Sample ro (Gaseous
‘ Emissions Only) - iy
B. Containment P A P Principal Gamma 1x10%
Purge and Vent - Each Batch ' EachBatch - Emitters® : :
Grab Sample (Gaseous
Emissions Only)
C. Main Vent Me M°C - Principal Gamma 1x10*
Grab Sample . Emitters® -
(Gaseous
Emissions Only)
Continuous® M H-3 1x10°®
Continuous* WL M3t o ix10™
Charcoal Sample®
Continuous®. .~ = W Principal Gamma 1x10™"
" Particulate Emitters®
“"Sample® - - (I-131, others)
Continuous® M GrossAlpha 1x10™"
Composite B C
Particulate
Sample - . ,
Continuous* Q Sr-89,Sr90 1x 10"
I : . Composite - Lo
Particulate
. Sample - -
Continuous® Noble Gas Noble Gases 1x10°®
: Monitor Gross Beta or
a Gamma
D. Incinerated OiF° N - Principal Gamma 5x 107
‘ Each Batch" ~* Each Batch"
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TABLE 4.11-2 (Continued)

TABLE NOTATION

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

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

4.6651,
EeVe222x10%5¢ Y eexp(-1At)

LLD=

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

Typical values of E, V, Y, and At should be used in the calculation.
It should be recognized that the LLD is defined as an a priori (before the fact)

limit representing the capability of a measurement system and not as an a
posteriori (after the fact) limit for a particular measurement.



et

o ' Rev. 7
OFFSITE DOSE CALCULATION MANUAL - - Page 37 of319

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 Effluent-Release Report pursuant to

. Technical 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
mcreased by more than a factor of 5. ‘

The ratio of the sample ﬂow'rate to the sampled st.rear'n flow rate ‘sh'all be known

-for the time period covered by each dose or dose rate calculation made in
accordance with Controls 3.11.2.1, 3.11.2.2 and 3.11.2.3.

Samples shall be changed at least once per 7 days and analyses shall be

completed within 48 hours after changing, or after removal from sampler. When
sample collection time is less than seven days the correspondlng LLDs may be
- Vlncreased by a proportional factor '

Collect sample and analyze daily for total Curié content per Technical
Requirements Manual 15.11.2.1 when the Reactor Coolant System specific
activity of Xe-133 is greater than 150 uCi/ml.

Incinerated oil may be discharged via points other than the main vent (e.g.,
Auxiliary Boiler). 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.

£€002/20

£€002/10
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GASEQUS EFFLUENTS:

CONTROLS

Dose - Noble Gases

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,

During any calendar year: Less than or equal to 20 mrads for gamma radiation
and less than or equal to 40 mrads for beta radiation.

APPLICABILITY: At all times.

ACTION:

a.

b.

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

The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

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

Dose - lodine-131 & Radionuclides in Particulate Form

CONTROLS : o

3.11.2.3 The dose to a MEMBER OF THE PUBLIC from iodine-131 and all radionuclides in -

particulate form with half lives greater than 8 days in gaseous effluents released to areas at and

beyond the SITE BOUNDARY (see figure in UFSAR Chapter 1) shall be limited to the following:
a. . ,Durlng any calendar quarter Less than or equal to 15 mrems to any organ and
b. ‘ During any calendar year:. Less than or equal to 30 mrems to any organ ~

c.  Less than 0.1% of the limits of 3 11.2. 3(a) and (b) asa result of bummg
contaminated oil.

APPLICABILITY: At all times.

ACTION:

a. . With the calculated dose from the release of |od|ne 131 and radlonuclrdes in
. particulate form with half lives greater than 8 days, in gaseous effluents

exceeding any of the above limits, prepare and submit to the Commission
pursuant to 10 CFR 50.4 within 30 days a Special Report that identifies the
cause(s) for exceeding the limit ‘and defines the corrective ACTIONS that have
been taken to reduce the releases and the proposed corrective ACTIONS to be
taken to assure that subsequent releases will be in complrance with the above
limits. . .

b. The provisions of Controls 3.0. 3 and 3.0.4 are not appllcable
SURVEILLANCE REQUIREMENTS =

4.11.2.3 Cumulative dose contributions for the current calendar quarter and the current
calendar year for iodine-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. : l

o
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GASEOUS EFFLUENTS:

Gaseous Radwaste Processing System

CONTROLS

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

APPLICABILITY: At all times.

ACTION:

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

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

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

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

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

SURVEILLANCE REQUIREMENTS

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



-
D,

o "Rev. 7 -
OFFSITE DOSE CALCULATION MANUAL - o 44 ofa19

TOTAL DOSE
CONTROLS

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.a, 3.11.1.2.b,
3.11.2.2.a, 3.11.2.2.b, 3.11.2.3.5, or 3.11.2.3.b, calculations shall be made
including direct radiation contributions from the reactor units and outside storage
tanks to determine whether the above limits of Control 3.11.4 have been
exceeded. If such is the case, prepare and submit to the Commission pursuant
to 10 CFR 50.4 within 30 days a Special Report that defines the corrective
ACTION to be taken to reduce subsequent releases to prevent recurrence of
exceeding the above limits and includes the schedule for achieving conformance
with the above limits. This Special Report, as defined in 10 CFR 20.405c, shall
include an analysis that estimates the radiation exposure (dose) to a MEMBER
OF THE PUBLIC from uranium fuel cycle sources, including all effluent pathways
and direct radiation, for the calendar year that includes the release(s) covered by
~ this report. It shall also describe levels of radiation and concentrations of
* radioactive material involved, and the cause of the exposure levels or

concentrations. If the estimated dose(s) exceeds the above limits, and if the
release condition resulting in violation of 40 CFR Part 190 has not already been
corrected, the Special Report shall include a request for a variance in
accordance with the provisions of 40 CFR Part 190. Submittal of the report is
considered a timely request, and a variance is granted until staff ACTION on the
request is complete. :

b. The provisions of Controls 3. 0 3 and 3. 0.4 are not appllcable
SURVEILLANCE REQUIREMENTS " - o

4.11.4. 1 Cumulatlve dose contnbutrons from l|qU|d 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

4.1 4 2 Cumulatrve dose contnbutrons from dlrect radratuon from the reactor unrts and outside
storage tanks shall be determined in accordance with the methodology and parameters in the
ODCM. This requirement is applicable only under conditions set forth in Control 3.11.4.a.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

PROGRAM
CONTROLS

3.12.1 The radiological environmental monitoring program shall be conducted as specified in

Table 3.12-1.

APPLICABILITY: At all times.

ACTION:

a.

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

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

concentration (1) + concentration (2) +.51.0
reportinglevel (1) reportinglevel(2) ~—

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

The methodology and parameters used to estimate the potential annual dose to a MEMBER OF
THE PUBLIC shall be indicated in this report.

€002/40
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c. With fresh leafy vegetable samples unavailable from one or more of the sample

locations required by Table 3.12-1, identify locations for obtaining replacement
samples and add them to the radlologlcal environmental monitoring program
within'30 days. The specific locations from which samples were unavailable may
then be deleted from the monitoring program. Pursuant to Technical
Specification 5.6.2, identify the cause of the unavailability of samples and ldentlfy
the new locatlon(s) for obtaining the replacement samples in the next Annual
Radlologlcal Envuronmental Operatmg Report

d. The provnsmns of Controls 3.0.3 and 3.0.4 are notvajppliciable.

SURVEILLANCE REQUIREMENTS o

4.12.1 The radiological environmental momtonng samples shall be collected pursuant to Table
3.12-1 from the specific locations given in the table and figure(s) in the ODCM, and shall be
analyzed pursuant to the requirements of Table 3. 12-1 and the detectlon capabilities required
by Table 4.12-1. . : S

£002/L0
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TABLE 3.12-1
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND
EXZSS%TQEsTJsréAY SAMPLES AND SAMPLE COLLECTION FREQUENCY
LOCATIONS® FREQUENCY OF ANALYSIS
1. DIRECT RADIATION® 23 routine monitoring stations At least Quarterly Gamma dose at least
(DR1 - DR23) either with two or more quarterly

dosimeters or with one 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

1 sample (A4) from the vicinity of a
community having the highest
calculated annual average ground-
level D/Q.

1 sample (AS5) from a control
location, as for example 15-30 km
distant and in the least prevalent
wind direction.

NUMBER OF REPRESENTATIVE .. SAMPLINGAND - - - TYPE AND .
el SAMPLES AND SAMPLE . . COLLECTION FREQUENCY
it LOCATlONS' o FREQUENCY ‘OF ANALYSIS
2. AIRBORNE - - T ST
. Radioiodine and Samples from 5 locations (A1 -A5) Contmuous sampler Radioiodine Canister
Particulates " operation with 1-131 analysis
~ 3 samples (A1-A3) from close to  sample collection weekly.
the 3 SITE BOUNDARY locations, weekly, or more
in different sectors of the highest frequently if required  Particulate Sampler:
calculated annual average ground- by dust loading. Gross beta ,
. level D/Q." o o radioactivity analysis

following filter
change;* Gamma
isotopic analysis? of
composite

(by location)
quarterly
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

EXPOSURE PATHWAY NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND
AND/OR SAMPLE SAMPLES AND SAMPLE COLLECTION FREQUENCY
LOCATIONS? FREQUENCY OF ANALYSIS
3. WATERBORNE
a. Surface 1 sample at intake area (Wa1) COMPOSITE GAMMA ISOTOPIC
1 sample at discharge area (Wa2) SAMPLE over 1- ANALYSIS? monthly.
month period® Composite for tritium
analysis quarterly
b. Sediment from 1 sample from downstream area with Semiannually GAMMA ISOTOPIC
shoreline existing or potential recreational value ANALYSIS?

(Wb1) semiannually
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TABLE 3.12-1 (Continued)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

NUMBER OF REPRESENTATIVE SAMPLING AND TYPE AND
B e MiLe . SAMPLES AND SAMPLE COLLECTION FREQUENCY
' . - LOCATIONS® - g ‘ FREQUENCY ; OF ANALYSIS
4. INGESTION T
a. Fishand -3 samples of commerclally andlor Sample in season or. GAMMA ISOTOPIC
Invertebrates ,recreatlonally important species (2 fish . semiannuallyifthey . ... ANALYSIS® on

species and 1 invertebrate species)in -

o vicinity of plant dlscharge area (la1-

b. Food Products

"~ 1a3).

3 samples of same spectes in areas not

influenced by plant discharge (Ia4-la6)

Samples of 3 different kinds of broad
leaf vegetation grown near the SITE
BOUNDARY at 2 different locations of
highest predicted annual average,
ground level D/Q (1b1- lb6)

1 sample of each of the similar broad
leaf vegetation grown 15-30 km distant
in the least prevalent wind dlrectlon
(Ib7-1b9).

~are not seasonal -

" Monthly during
‘.growing season ~

I

'Monthly during
- - growing season

‘edible portions

. Gamma isotopic? and

" ""1-131 analysis

Gamma isotopic® and
‘1131 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 parameters of distance and direction sector from the
central point between the two containment buildings and additional description
where pertinent, is provided for each sample location in Table 3.12-1, and in a
table and figure(s) in the ODCM. 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
malfunction, effort shall be made to complete corrective ACTION prior to the end
of the next sampling period. All deviations from the sampling schedule shall be
documented in the Annual Radiological Environmental Operating Report
pursuant to Technical Specification 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 5.6.2, |
identify the cause of the unavailability of samples for that pathway and identify
the new location(s) for obtaining samples in the next Annual Radiological
Environmental Operating Report and also include in the report a revised figure(s)
and table for the ODCM reflecting the new location(s).

£002/20
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TABLE 3.12-1 (Continued)

TABLE NOTATION -

One or more instruments, such as a pressurized ion chamber, for measuring and
. recording dose rate continuously may be used in place of, or in addition to,

. integrating dosimeters. For the purposes of this table, a thermoluminescent

_dosimeter (TLD) is considered to be one phosphor ‘two or more phosphors in a

- packet are considered as two or more dosimeters. - Film badges shall not be
used as dosimeters for measuring direct radiation. The frequency of analysis or
readout for TLD Systems will depend upon the characteristics of the specific
system used and should be selected to obtain optimum dose information with
minimal fading. Due to the geographical limitations, 9 sectors are monitored
around the Calvert Cliffs Nuclear Power Plant.

Airborne particulate sample fi lters 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 control samples, GAMMA ISOTOPIC ANALYSIS shall be performed on

‘the individual samples.

GAMMA ISOTOPIC ANALYSIS means the identification a’nd;quantif cation of
gamma-emntmg radionuclides that may be attnbutable to the efﬂuents from the
facility. o ,

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 flow.
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.

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 approxmately
2.1 km from the release point.
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TABLE 3.12-2

REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN
ENVIRONMENTAL SAMPLES

REPORTING LEVELS

AIRBORNE
ANALYSIS V}’:gﬁ;‘ vl INVEF:.‘:'SEI;:ATES (':(':"i}f) PRI;%?JIC):TS
(pCIIM?) (pCilkg, wet) (pCilkg, wet)

H3 20,000"
Mn-54 1,000 30,000
Fe-59 400 10,000
Co-58 1,000 30,000
Co-60 300 10,000
Zn-65 300 20,000
Zr-Nb-95 400
1-131 2 0.9 3 100
Cs-134 30 10 1,000 60 1,000
Cs-137 50 20 2,000 70 2,000
Ba-La-140 200 300

' For drinking water samples. This is a 40 CFR Part 141 value. If no drinking water pathway exists, a

value of 30,000 pCi/l may be used.
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TABLE 4.12-1

DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS*P

LOWER LIMIT OF DETECTION (LLD)f: .

. " WATER - ‘;:ILBI'IBé)URLNA!'EI'E ’|Nvél§ﬁslggxres‘ MiLK . FOOD - * SEDIMENT
ANALYSIS “pcin)  ORGASES ~ - (pCilkg, wet)  (pCill '(';'égfg"’a‘;f) (pCilkg,dry)
(pCI/M3)
Gross Beta - 4 0.01'
H-3 2,000"
Mn-54 15 130
Fe-59 30 260
Co-5860 - 15 130
Zn-65 30 © 260
Zr-Nb-95 15 ‘ _
1-131 1¢ 0.07 1 60
Cs-134 15 0.05 130 15 60 150
Cs-137 ' 18 0.06 150 18 80 180
Ba-La-140 15 15

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

TABLE NOTATION

This list does not mean that only these nuclides are to be considered. Other

peaks that are identifiable, together with those of the above nuclides, shall also

be analyzed and reported in the Annual Radiological Environmental Operating
Report pursuant to Technical Specification 5.6.2. |

€002/20

Required detection capabilities for thermoluminescent dosimeters used for

environmental measurements shall be in accordance with the recommendations
of Regulatory Guide 4.13.

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

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

4.66 Sb

LLD=
EeVe222eY eexp(-iAt)

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 between sample collection,

_orend of the sample collectiph period, ‘and time of counting. "
Typicél 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 notasana: =
posteriori (after the fact) limit for a particular measurement. Analyses shall be
performed in such a manner that the stated LLDs will be achieved under routine
conditions. Occasionally background fluctuations, unavoidable small sample -
sizes, the presence of interfering nuclides, or other uncontrollable circumstances
may render these LLDs unachievable. In such cases, the contributing factors
shall be identified and described in the Annual Radiological Environmental
Operating Report pursuant to Technical Specification 5.6.2. -

LLD for drinking water samples. If no drinking water pathway eX|sts the LLD of
GAMMA ISOTOPIC ANALYSIS may be used

€002/20
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RADIOLOGICAL ENVIRONMENTAL MONITORING:

LAND USE CENSUS

CONTROLS

3.12.2 Aland use census shall be conducted and shall identify within a distance of 8 km (5
miles), the location in each of the 9 meteorological sectors of the nearest milk animal, the
nearest residence and the nearest garden’ of greater than 50 m? (500 ft2) producing broad leaf
vegetation. (For elevated releases as defined in Regulatory Guide 1.111, Revision 1, July 1977,
the land use census shall also identify within a distance of 5 km (3 miles) the locations in each
of the 9 meteorological sectors of all milk animals and all gardens of greater than 50 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 Radiological
Environmental Operating Report, pursuant to Technical Specification 5.6.2.

€002/L0

b. With a land use census identifying a location(s) that yields a calculated dose or
dose commitment (via the same exposure pathway) 20 percent greater than at a
location from which samples are currently being obtained in accordance with
Control 3.12.1, add the new location(s) to the radiological environmental
monitoring program within 30 days. The sampling location(s), excluding the
control station location, having the lowest calculated dose or dose
commitment(s), via the same exposure pathway, may be deleted from this
monitoring program after October 31 of the year in which this land use census
was conducted. Pursuant to Technical Specification 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).

€002/20

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 resuits, such as by a door-to-door
survey, aerial survey, or by consulting local agriculture authorities. The resuits of the land use
census shall be included in the Annual Radiological Environmental Operating Report pursuant
to Technical Specification 5.6.2.

£002/20

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 control samples.
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RADIOLOGICAL ENVIRONMENTAL MONITORING:
INTERLABORATORY COMPARISON PROGRAM |

. CONTROLS

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

APPLICABILITY At all tlmes

ACTION: .
a.  Withanalyses not being performed as required above, reporl‘th'e corrective
ACTIONS taken to prevent a recurrence to the Commission in the Annual
Radiological Environmental Operating Report pursuant to Technical Specification
5.6.2. A
b. The provisions of Controls 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.3 The Interlaboratory Comparison Program shall be described in the ODCM.: A summary
of the results obtained as part of the above required Interlaboratory Comparison Program shall
be included in the Annual Radlologlcal Enwronmental Operatmg Report pursuant to Technical
Specification 5.6.2.

£002/20
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PART 5.0 :

CALCULATIONAL METHODOLOGIES

RADIOACTIVE LIQUID EFFLUENTS

RELEASE PATHWAYS [B527]
1. Introduction
a) Radioactive liquid waste generated as a result of operating the Calvert Cliffs

b) There are three pathways by which waste water, non-radioactive and radioactive,
may be discharged from the site to the bay:
§)) Qutfall 001,
(2) Outfall 003,
3) Qutfall 004.

c) A diagram which shows the location of each outfall is included as Attachment 1.

Outfall 001

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

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

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

d) The circulating water discharge conduit may accept liquid radioactive waste from

a)

b)

c)

Nuclear Power Plant (CCNPP) may be released to the Chesapeake Bay'.

various sources. Sources which may contribute radioactive material to the
circulating water discharge conduit are tabulated in Attachment 2.

Qutfalls 003 and 004

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.

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

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

Unmonitored release paths not shown on Attachment 3 should be evaluated and added

to the ODCM as necessary.

1

The federal controls and administrative limits associated with the release of radioactive materials from

CCNPP are discussed elsewhere in this document.

£002/20
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5. Safety evaluatlons have been conducted for operating the followmg systems after they
have become contaminated:

a) ~ component cooling water system

(1) In accordance with applicable safety evaluations (Ref. 22),Acontin'ued —
operation of this system is allowed as long as the concentrationof = - -~
radionuclides in the component cooling water system is less than 3,000
MPCs.

b)' ' plant heating system o
(1) In accordance with applicable safety evaluations (Ref. 24 and Ref. 28),
‘continued operation of this system is allowed as long as the concentration
~ of radionuclidés in the plant heating system is less than 0.3 MPCs.
c) auxiliary boiler system
(1) In accordance with applicable safety evaluations '(t"\"et 27 and Ref. 30)
continued operation of this system is allowed as long as the concentration
of radionuclides in the auxuhary b0|ler steam drum is less than 96 MPCs.
d) demineralized water system ‘ | L
. (1) . Inaccordance with applicable safety evaluations (Ref. 25 and Ref. 31),
continued operatlon of this system is allowed as Iong as the concentration
of radionuclides in the demineralized water system is less than 0.3 MPCs.
e)  service water system
(1) " In accordance wnth apphcable safety evaluations (Ref 26 and Ref. 32),
continued operatlon of this system is allowed as long as the concentration
of radionuclides in the service water system is less than 0.1 MPCs.
f) condensate storage tank ' 4
(1) In accordance with applicable safety evaluations (Ref. 33), continued

operation of this system is allowed as long as the concentration of
radionuclides in the condensate storage tank is less than 1.0 MPCs.
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TYPES OF LIQUID RELEASES

1.

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

PROCESSING EQUIPMENT

1.

Simplified Flow Diagram

a)

b)

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

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

Modifications

a)

b)

Licensee initiated 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 the modification to the waste system is completed. The
discussion of each change shall contain:

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

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

The report shall also include changes to the ODCM, in accordance with
Technical Specification 5.6.3.

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

)] degassifier

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

(5) reactor coolant waste ion exchanger
(6) miscellaneous waste ion exchanger
(7) miscellaneous waste filter

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

(10) evaporator

£002/20
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Detailed Description . .

a)

b)

Q)

A detailed descnptlon of the liquid waste processing system is beyond the scope
of the ODCM

For more |nformat|on on the Mrsoellaneous' l'_quId‘Waste Pch'cessrng System see
FSAR and System Description SD-071A, "Miscellaneous Liquid Waste
Processing System Descnptuon

 For more information on the Reactor Coolant Waste Processmg System see
System Descnptlon SD- 071B "Reactor Coolant Waste Processing System
Description.” ‘

. For more information see the Updated Fmal Safety Analysis Report, Chapter 11,
"Waste Processing And Radiation Protection.”

LIQUID EFFLUENT RADIATION MONITOR ALARM AND FIXED SETPOINTS

1.

. Liquid Waste Discharge Radlatlon Momtor (0 RE-2201)

a)

b)

General descnptlon

(1) number of radiation elements one

(2) type of radiation element: in-llne scrntlllatlon detector
3) output. analog o ' -

(4) radiation indicator: 0-RI-2201

(5) units for radiation indicator: counts per minute

(6) supplier: Westinghouse - -

Functions of 0-RE-2201-

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

(2) contlnuously lndlcate (vua 0- RI-2201) the actrvnty of quU|ds contamed in
liquid waste dlscharge Ilne (Control 3 3.3. 10)

(3) o alarm (V|a 0- Rl 2201) pnor to exceedrng 10 CFR 20, Appendix B, Table II,
Column 2 limits (per Control 3 11 1.1)

4) automatlcally termlnate dlscharges from the llqu1d 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 setpomt

OPERABILITY of 0- RE-2201

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

€002/10
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d)

f)

g)

(2) The functions of 0-RE-2201 are listed in paragraph (b) above.
Monitors equivalent to 0-RE-2201

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

Radiological effluent controls for 0-RE-2201

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

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

£002/L0

(b) two independent samples are analyzed in accordance with Control
4.11.1.1.1; AND at least two technically qualified members of the
Facility Staff independently verify the release rate calculations;
AND two qualified operators verify the discharge valve line up.
Surveillances for 0-RE-2201

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

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK prior to each release

(c) CHANNEL CALIBRATION within the past 18 months

(d) CHANNEL FUNCTIONAL TEST within the past 6 six months
Setpoints for 0-RI-2201

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

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

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

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

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

(a) The 0-R1-2201 fixed high radiation alarm and automatic
termination setpoint will be referred to as the fixed setpoint.
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©)

(b)

©

The 0-RI-2201 adjustable plant computer high radiation alarm and

manual termination setpoint will be referred to as the adjustable
setpoint.

- The O- RI-2201 low radiation alarm setpomt wnll be referred to as

the low setpoint.

Each of these alarm setpoiﬁis is described below.

h) ° Fixed setpoint for 0-RI-2201

(1)

()

(a)
(b)

(c)

(d) -

(€)
)

(9)
(h)

General information

This setpoint 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 setpoint corresponds to the maximum concentration of
~ radionuclides allowed in liquid waste discharged from the liquid

waste processing system.

The current value for the fixed setpomt is specnf‘ ed in the CCNPP
Alarm Manual T

'The CCNPP Alarm Manual refers to this alarm and fixed setpomt

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 adrﬁinistfaiiileljl controlled by EN-1 -1 00.

The fixed .éetbdihtts'rjal'l be calculated as described below".

Calculating the fixed setpomt for 0-RI-2201

(a)

Per Contro! 3.3.3.10.

The fixed setpomt for 0-RI-2201 shall be calculated as follows:
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FIXED SETPOINT FOR 0-RI-2201

Sm 2 Ka{ (Fa/Fu) Z[(Arn)(e)]+Bkg } Eq. L'
Sgx = thefixed setpoint for 0-RI-2201 (cpm)
Kg = aconstant, actually a safety factor, which is the ratio of the CCNPP activity limit to the 10

CFR 20 MPC limit (unitless)

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

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

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

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

The use of a "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) which
represents a safe margin of assurance that the instantaneous liquid release limit of 10 CFR
Part 20 is not exceeded.”

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

Fq = 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.

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

Fa = Few + F;w + . Fu - : Eq. 2L
Few the minimum circulating water system flow rate necessary to conduct liquid releases

AiLn

A mlmm'um of two cnrcutatnng water pumps '(one c1rcu|at|hg water pump Aper conduit
accepting radwaste) shall be operable when dlscharglng liquid radwaste -- vna thls monitor --

‘to outfall 001.

Additional circulating water pumps may be requnred as specnf ied in approved Chemlstry
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 setpoint has been calculated and entered into 0-RI-2201 (unless the existing setpoint is
conservative), or otherwise comply with the ACTION requirements of Contro! 3.3.3.10.

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

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

If a release of liquid radwaste is to be conducted using less than the mlmmum 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 0-RI-2201 (unless the existing setpoint is
conservative), or otherwise comply with the ACTION requirements of Control 3.3.3.10.

maximum undiluted radwaste flow rate (gpm)

Values of maximum undiluted radwaste ﬂow rates for varlous waste streams are tabulated in
Attachment 2. C ‘

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

Since the maximum undiluted radwaste flow rate is used for calculating the fixed setpoint, a
flow setpoint is not required—for the flow measuring device (0-FE-2199) in the effluent line—-

~ to verify comphance wnth Control 3 3 3 10.

| specnf c actlvnty Ilmlt for the release of radlonuchde | to UNRESTRICTED AREAS
\(calculated in accordance with 10 CFR 20, Appendlx B, Table I, Note 1 as descnbed below;

microcuries per milliliter).

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 prowdes further gmdance for determlnlng the identity of those radlonuclldes i,

to be used to calculate a fixed setpoint.

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

€002/10
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SPECIFIC ACTIVITY LIMIT FOR RADIONUCLIDE i

A = (fi)(Ama) Eq. 3L

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

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

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

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

This value corresponds to 1 MPC.

Aqi, shall be calculated as shown below.

TOTAL SPECIFIC ACTIVITY EQUIVALENT TO 1 MPC

z[(fl)(ATLn)IAILt]=1 Eq.4L1

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

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

1 = the MPC limit (MPCs) for UNRESTRICTED AREAS
This value is based on the MPC limit from 10 CFR 20, Table Il, Note 1.
€ = absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

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

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

3) Documenting the fixed setpoint for 0-R1-2201
(a) Whenever 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 setpoint for 0-RI-2201

! This formula has been derived from 10 CFR 20, Table Il, Notes 1, 2, and 3.
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(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 a value which falls within the normal operating

. range of the monitor. :

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

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

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

i ‘the relatnve actnvnty of any radionuclide in TYPICAL
.. LIQUID EFFLUENTS, f;, has changed by greater than
10%, and the new radlonucllde mixture yields a fixed
setpoint which is 10% (or more) lower than the current
fi xed setpomt

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

' jii) the values listed in 10 CFR 20, Table li, column 2 have
changed,

iv) " the radiation monitor has been recently calibrated,
~ repaired, or otherwise altered, or
v) the monitor i not conservative in its function (see
"Functions of 0-RE-2201" earlier in this section).

(e) 'EN-1-100 b’c}niéiné the 'ad'fﬁiniétrativé' controls associated with
changing and approving the fixed setpoint.

- As determined in accordance with Attachment 5.
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i) The adjustable setpoint for 0-RI1-2201

1) General information

(@

(b)

(c)

(d)

(e)

®

(9)

(h)

0]

The adjustable setpoint is calculated and adjusted prior to each
release from the liquid waste processing system.

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

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

See 0I-17C, "Reactor Coolant Waste Processing System”, or OI-17D,
"Miscellaneous Waste Processing System," for a full list of operator
ACTIONS taken in response to this alarm.

The adjustable setpoint corresponds to the maximum concentration of
radionuclides anticipated or expected in discharges from the liquid
waste 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 integral to the liquid release discharge monitor, as
purchased from the supplier.

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.

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 waste (as determined by
radiochemical analysis per Control 4.11.1.1.1), and shall be
calculated as shown below.
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ADJUSTABLE SETPOINT FOR 0 Rl-2201

Sag = 150 [Z (Au) (@) +Bkg] ] _ Eq. 5L

' Sadj

1.50

Ay

Bkg

= the adjustable setpoint for 0-RI-2201 (cpm)

a constant, actually a safety factor, which allows for ﬂuctuatlons in radlatron monitor response
- (unitless) - - :

This safety factor helps ensure the release is not unnece’ssar|ly terminated due to (1) electronic
-anomalies which cause spunous monitor responses, (2) statistical fluctuations in disintegration
rates, (3) statistical fluctuations in detector efficiencies, (4) errors associated with sample
analysis, or (5) errors associated with monltor calibrations.’
= specific actrvrty of radlonucllde i,in the undlluted waste stream (mlcrocunes per milliliter)
= absolute detector effi crency for nuclrde i (cpm/mlcrocunes per ‘milliliter)

The detector effic cuency for each radronucllde may be calculated from data collected during
calibration of the radiation monitor. - :

= an approximation of the detector background (cpm)

(3) Documentrng the adjustable setpornt for 0 Rl-2201

(a) Whenever the adjustable setpomt 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 setpomt for 0- Rl-2201

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

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

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

(d) Whenever 0-R1-2201 is operable, the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
each release from the liquid waste processing system.

The "analysis errors” and "calibration errors” refer to errors which are within established quality assurance
and quality control limits.
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(e) Plant Operating Instructions contain administrative controls
associated with entering the adjustable setpoint into the plant
computer.

i The low setpoint for 0-RI1-2201

(1)

(2)

(3)

(4)

®)
(6)

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

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

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

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

The low setpoint calculations are not described in the ODCM.

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

2. Steam Generator Blowdown Effluent Radiation Monitors (1/2-RE-4095)

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

(1)
()
3)
(4)

()
(6)

number of radiation elements: one per unit

Type of radiation elements: in-line scintillation detectors
output: analog

Designations for radiation indicators

(a) 1-RI-4095

(b)  2-RI-4095

units for radiation indicator: counts per minute

supplier: Westinghouse
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- b)

d)

- -Functions of 1/2—RE-4095 S

(1)
@

(3)
()

@

@)

continuously measure the actlwty contained in steam generator blowdown
effluent line (Control 3.3.3.10)

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

alarm (via 1/2-R1-4095) prior to exceeding 10 CFR 20, Appendix B, Table I,
Column 2 limits (per Control 3.11.1.1).

automatlcally terminate steam generator blowdown releases to

" .UNRESTRICTED AREAS when the radlatlon indicator (1/2-RI-4095) exceeds
* the fixed setpoint e

OPERABILITY of 1/2- RE-4095 -

- (1) ©  This monltor shall be operable (or have OPERABILITY) when it is capable of

performing its specnf ied functlon(s)
The functlons of thls monltor are ||sted in section (b) above.

It should be 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. If blowdown flow is allowed to bypass 1/2-RE-4095, the
minimum channels OPERABILITY requirement of Control 3.3.3. 10 may not
be satlsf' ed e

Monitors equnvalent to 112 RE-4095

e
e

@)

(4)

1/2- RE-4014 is normally consndered 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 (‘112-RE-4014) is inoperable or otherwise

unavailable, the BACKUP MONITOR (1/2-RE-4095) may fulfill the measuring,
indicating, and alarming functions normally provided by the PRIMARY
MONITOR

4/2- 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" earlier in this section) which limit the
concentration of radioactive materials released to UNRESTRICTED AREAS
in accordance with Contro! 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
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(b)

()

the blowdown ion exchangers are isolated (or the decontamination
factors for all radionuclides are verified to 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 effluent controls for 1/2-RE-4095

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

(a)

(b)

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

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

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

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

iii) 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 [ODINE
DOSE EQUIVALENT

iv) the LOWER LIMITS OF DETECTION (LLDs) for the gross
gamma and/or gross beta analyses are in accordance with the
LLDs of Control 4.11.1.1.1
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f) -~ Surveillances 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

()  CHANNEL CALIBRATION within the past 18 months

(d)  CHANNEL FUNCTIONAL TEST within the past 6 six months
g) . Setpoints for 1/2-R1-4095

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

(@) ‘112 RI-4095 fixed high ‘radiation alarm and automatic termination
setpoint ‘

(b) 1/2-RI1-4095 adjustéble plant computer high radiation alarm and
manual termination setpoint

(c) 1/2-R1-4095 low radiation alarm setpoint
(2) In order to simplify the setpoint terminology, eliminate ambiguity, and

minimize the possibility of mlsmterpretatlon the ODCM will refer to these
setpoints as follows: .

- (@) The1/2- RI-4095 fixed high radiation alarm and automatic termination
setpoint will be referred to as the fixed setpomt '

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

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

3) : Each of these alarm setpoints are described below.
h)  Thefixed setpoint for 1/2-RI-4095
(1) . . General information 7
o '.'(aj ', ' .The fi xed setpomt is not adjusted for each release
(b) Whenever the fixed setpoint is exceeded dlscharges frem the steam

generator blowdown processing system to UNRESTRICTED AREAS
will be automatlcally suspended _
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FIXED SETPOINT FOR 1/2-RI-4095

(c)

(d)

(e)

®

(9)
(h)

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

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

The CCNPP Alarm Manual refers to this setpoint as the 1/2-R1-4085
Steam Generator Blowdown Recovery High Alarm.

This setpoint is integral to the steam generator blowdown discharge
monitor, as purchased from the manufacturer.

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

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-RI-4095 shall be calculated in accordance
with equation 1L.

< Kot {(Fo/Fu) Z[(Ain) (&)1 +Bkg } Eq. 1L2

= the fixed setpoint for 1/2-R1-4095 (cpm)

a constant, actually a safety factor, which is the ratio of the CCNPP activity limit to the 10 CFR

20 MPC limit (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed setpoint is

always less than or equal to the limits of 10 CFR 20.

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

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

It is recommended that a safety factor of 0.5 be used for calculating the fixed setpoint, however,

other values--not to exceed 1.00--may be used as directed by the General Supervisor

Chemistry.

The use of a "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) which

represents a safe margin of assurance that the instantaneous liquid release limit of 10 CFR Part

20 is not exceeded."

Per Contro! 3.3.3.10.

Equation 1L has been derived from NUREG-0133, Addendum, page AA-1.
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“This safety margin will prevent minor fluctuations in the nominal circulating water flow rate (and
. other statistical aberrations) from adversely impacting the calculated fi xed setpoint.
Fq = {he dilution water flow rate (gpm) prior to the point of release to UNRESTRICTED AREAS

the dilUtionvw;ater flow rate is actually'tihe sum cf‘then"linlrnur'n 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 wrth equation 2L.

DILUTION WATER FLOW RATE

Fa = Few + Fow + Fy oo I Eq.2L

Fw = 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 cwculatmg water pump |s 200,000 gallons per mlnute

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

If a release of I|qu1d radwaste from the steam generator blowdown system is to be conducted

* using less than minimum circulating water flow rate necessary to conduct liquid releases, the
release shall not be allowed until a new setpoint has been calculated and entered into 1/2-Rl-
4095 (unless the existing setpoint is conservatlve) or otherwise comply with the ACTION
requirements of Control 3.3.3.10.

F,, = theminimum saltwater system flow rate necessary 16 release liquid radwaste

If the minimum salt water flow rate available for llgurd 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:bump is\llsted on Attach'r'ne'nt 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 requnrements of Control 3.3. 3 10

Fy = maximum undlluted radwaste ﬂow rate (gpm)

Values of maximum undlluted radwaste flow rates for vanous waste streams are tabulated in
Attachment 2. :

“Since the steam generator blowdown flow rate (225 gpm maxrmum) is |nsrgn|f icant relative to
the circulating water flow rate (200,000 gpm per circulating water pump), the steam generator
blowdown flow rate need not be considered when calculating the dilution water flow rate.

€002/L0
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Since the maximum undiluted radwaste flow rate is used for calculating the fixed setpoint, a flow
setpoint is not required--for the flow measuring device in the effluent line--to verify compliance
with Control 3.3.3.10.

specific activity limit for the release of radionuclide, i, to UNRESTRICTED AREAS (calculated in
accordance with 10 CFR 20, Appendix B, Table Il, Note 1 as described below; microcuries per
milliliter)

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

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

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

SPECIFIC ACTIVITY LIMIT FOR EACH RADIONUCLIDE i

An = (fi) (Amn) Eq. 3L

ATLn

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

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

This value may be obtained using the guidance provided on Attachment 5.
absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

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

This value corresponds to 1 MPC,

ArL, shall be calculated as shown below.

TOTAL SPECIFIC ACTIVITY EQUIVALENT TO 1 MPC

ZI(6) (Amna) /Al =1 Eq. 4L

Ay

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

1

This formula has been derived from 10 CFR 20, Table Il, Notes 1, 2, and 3.
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Bkg

. For all the radionuclides found in TYPICAL‘ RADWASTE EFFLUENTS, use the value from 10

CFR 20, Appendix B, Table I, Column 2.
the MPC limit (MPCs) for UNRESTRICTED AREAS
This value is based on the MPC limit from 10 CFR 20, Table Il, Note 1.

an approximation of the detector backgrcund (cpm)

\ Instead of usmg an approxnmatlon of the detector background, a value of 0 cpm may be used as

the detector background if so desired.

(3) Documenting the ﬁxed setpdfnt for 1/2-RI1-4095

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

(4)‘ Changing the fi xed setpomt for 1/2-R1-4095

(a) - If the fixed setponnt calculated in accordance with equation 1L
exceeds the maximum range of the monitor, the fixed setpoint shall be
adjusted to a value whlch falls within the normal operating range of
the monitor,

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

(c) A setpoiht cha'ng'é'should be initiated whenever any of the parameters
identified in equation 1L have changed.
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(d)

(e)

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

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

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

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

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

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

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

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

(1) General information

(a)

(b)

(c)

(d)

(e)

(f)

(9)

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 undiluted liquid waste (as determined 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 actions 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 integral to the steam generator blowdown effluent
monitor, as purchased from the supplier.

As determined in accordance with Attachment 5.
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(h) - This alarm is generated by the plant computer which monltors output
- from 1/2-R1-4095, and provides an alarm to plant operators when the
adjustable setpoint has been exceeded.

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

. (2) Calculatlng the adjustable selponnt for 1/2-RI-4095
o (a) " The adJustable setpomt 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 .

Suy < 2.50 [E(.Ah,)(e;) + Bkgl Eq. 51!

S, = theadjustable setpoint for 1/24RIL409$' (com)

a constant, actually a sal‘ety factor, which éllo\‘Ns for fluctuation in radiation monitor response
(unltless)

N
o
o
I

This safety factor helps ensure the release is not unnecessarlly terminated due to (1) electronic
anomalies which cause spurlous monitor responses (2) statistical fluctuations in disintegration
rates, (3) statistical fluctuations in detector efficiencies, (4) errors associated with sample
analysis, or (5) errors associated with monitor calibrations.?

A, = specific activity of radionuclide, i, in the undiluted waste stream (microcuries per milliliter)
€ = absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

The detector efficiency for each radionuclide may be calculated from data collected during
callbratlon of the radiation monitor. .-, .- ... e

L}

Bkg an approxnmatlon of the detector background prior to initiating the liquid release (cpm)

(3) Documentlng the adjustable setpomt 1/2- RI-4095

S (e) Whenever the adjustable setpomt is calculated, the specnf ic values
chosen for each of the variables shall be documented in accordance
with approved CHEMISTRY SECTION procedures.

(4)  Changing the adjustablé setpoint for 1/2-R1-4095

! This formula méy be derived from NUREG-0133, Addendum, page AA-1.
2 The "analysis errors” and "calibration errors" refer to errors which are within established quality assurance
and quality control limits.
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(a) If the adjustable setpoint exceeds the maximum range of the monitor,
the setpoint shall be adjusted to a value which falls within the normal
operating range of the monitor.

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

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

(d) Whenever 1/2-R1-4095 is operable, the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
each release from the steam generator blowdown processing system.

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

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

(N

()

@)

(4)

(5)
(6)

This alarm is integral to the steam generator blowdown effluent monitor, as
purchased from the manufacturer.

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

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

The low alarm setpoint may be used to terminate a release in the event 1/2-
RE-4095 fails (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 associated 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)
(2)
(3)
(4)

number of radiation elements: one per unit

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

Designations for radiation indicators

(a) 1-RI-4014

(b)  2-RI-4014
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\ 1)

b)

- (5) -+ - units for radiation indicator: counts per minute -
-~ (6)  .supplier: Westinghouse ...

' (7)” A3 galioﬁ 'pei’ iril'hute's'émpie is coeled' passed through the detector, and

pumped back |nto the steam generator blowdown tank.

Functlons of 1/2-RE-4014

(1) - "contmuously measure the'activity contained in an off-line sample of the

steam generator blowdown tank (Control 3.3.3.10)

(2) continuously indicate (via 1/2-RI-4014) the specific activity in an off-line
sample of the steam generator blowdown tank (Controt 3.3.3.10)

(3) ' alarm (vua 1/2-RI-4014) prior to exceedmg 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-R1-4014) exceeds
the fixed alarm setpoint. - o

OPERABILITY of 1I2 RE—4014 ‘

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

(2) N The funcitiqris'bf this monitor are Iiste_d irj'eeetion (b) above.
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o
d)
e)

Monitors equivalent to 1/2-RE-4014

(M

()

(3)

(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-4095) may fulfill the measuring,
indicating, and alarming functions normally provided by the PRIMARY
MONITOR.

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.

It should be 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 effluent radiation monitor). If
blowdown flow is allowed to bypass 1/2-RE-4095, the minimum channels
OPERABILITY requirement of Control 3.3.3.10 may not be satisfied (unless
1/2-RE-4014 is operable).

Radiological effluent controls 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-4095"; and
"OPERABILITY of 1/2-RE-4014" earlier in this section) AND the alarm
setpoint for this monitor is set to ensure the concentrations of
radioactive materials released in liquid effluents to UNRESTRICTED
AREAS are less than the concentrations specified in 10 CFR 20,
Appendix B, Table II, Column 2, or

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

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

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

iii) 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
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v o
e : - iv) - - -the LOWER LIMITS OF DETECTION for the gross gamma
~and/or gross beta analyses are in accordance with the LLDs of
Control 4.11.1.1.1
f) Surveillances for 1/2-RE-4014

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

'(a)  CHANNEL CHECK within the past 24 hours
(b) ~ SOURCE CHECK prior fo each release
(©)  CHANNEL CALIBRATION within the past 18 months
(d) CHANNEL FUNC;I'IONAL TEST within the past 6 six months
g)  Setpointsfor 1/2-RI-4014 .

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

- (a).  1/2-RI-4014 fixed high radiation alarm and automatic termination
.setpoint - . : ‘

(b) 1/2-RI-4014 adjustable plant computer high radiation alarm and
manua! termination setpoint

(c)  1/2-R1-4014 low radiation alarm setpoint

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

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

(b) The 1/2-R1-4014 adjustable plant computer high radiation alarm and
manual termination setpoint will be referred to as the adjustable
setpoint.

(c) The 1/2-R1-4014 low radiation alarm setpoint will be referred to as the
low setpoint.
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©)

Each of these alarms is described below.

h) The fixed setpoint for 1/2-RI-4014

(1)

(2)

General Information

(@)
(b)

(c)

(d)

(e)

(f)

(9
(h)

The fixed setpoint is not adjusted for each release.

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

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

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

The CCNPP Alarm 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.

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

The fixed setpoint shall be calculated as described below.

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

(a)

Per Contro! 3.3.3.10.

The fixed setpoint for 1/2-RI-4014 shall be calculated as follows:
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'FIXED SETPOINT FOR 1/2-RI-4014

S < Ku{(Fa/Fu)Z[(Auwn)(ei)]+Bkg } Eq. 1L'

=" the fixed setpoint for 1/2-RI-4014 (cpm)’

\5 ‘ 'a constant actually a safety factor Wthh |s the ratlo of the CCNPP activity limit to the 10 CFR
20 MPC limit (unitless)

The safety factor chosen shall be less than or equalto 1.00. ThlS ensures the fi xed setpoint is
always less than or equal to the Ilmlts of 10 CFR 20.

A safety factor of 1.00 will yield a fixed setpoint which corresponds t0 1.0 MPC

A safety factor of 0,500 vw'ill yield a ﬁxed setpoint which corresponds to 0.5 MPCs.

It is recommended that a safety factor of 0.5 be used for calt:ulatlng the fixed setpoint, however,
other values--not to exceed 1.00--may be used as dlrected by the General Supervrsor
Chemistry.

The use of a "safety margin" is in accordance with the:provisio'ns of NUREG-01 33, SECTION
4.1.1, which states, "The alarm and trip setpoints ... should correspond to a value(s) which

L ‘represents a safe margin of assurance that the mstantaneous llqu1d release limit of 10 CFR Part

20 is not exceeded."

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

~_the dilution water flow rate (gpm) prior to the pbint of release to UNRESTRICTED AREAS

The d|lut|on water flow rate is actually the sum of the minimum cnrculatlng 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’ equatlon 2L.

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

Fa Few + Fow + Fy Eq. 2L

cw

sw

AiLn

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

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

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

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

If a release of liquid radwaste from the steam generator blowdown system is to be conducted
using less than minimum circulating water flow rate necessary to conduct liquid releases, the
release shall not be allowed until a new setpoint has been calculated and entered into 1/2-RlI-
4014 (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 flow rate available for liquid releases is unknown, difficult to predict, or
may decrease during a liquid release, a minimum salt water flow rate of 0 gpm should be used
when calculating the fixed setpoint.

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

If a release of liquid radwaste is to be conducted using less than the minimum salt water flow
rate necessary to conduct liquid releases, the release shall not be allowed 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.

maximum undiluted radwaste flow rate (gpm)

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

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

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

specific activity limit for the release of radionuclide, i, to UNRESTRICTED AREAS (calculated in
accordance with 10 CFR 20, Appendix B, Table Il, Note 1 as described below; microcuries per
milliliter)

€002/L0
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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 guidance for determmlng which radionuclides, i, should be used
to calculate a fixed setpoint. An’ acceptable alternative is to assume an isotopic mix which
results in a more conservative setpoint. . . .

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

SPECIFIC ACTIVITY LIMIT FOR RADIONUCLIDE, i )

Aan = - ( f| ) (ATL" ) P . ) Eq. 3L

f; = a fraction which represents the relatrve actrvnty contnbutlon of nuclide i to the average total
: efﬂuent actlwty (unitless) . r .

The average total effluent actlvrty does not rnclude trmum or dissolved and entrained noble
gases.

This value may be obtained ueing the guidan4ce previded on Attachment 5.

Apn = the sum of the total specrf ic actlvmes of all radronuclrdes found in a TYPICAL LIQUID
RADWASTE RELEASE (microcuries/cm3)

This value corresponds to 1 MPC.

Calculate the value of Amr as shown below.

- TOTAL SPECIFIC ACTIVITY CORRESPONDING TQ 1 MPC AT THE SITE BOUNDARY

ZL(6) (Ana) /Al =1 . Eq. 4L

Ay, = the specific activity limit for radlonuclrde i as obtamed from 10 CFR 20, Appendix B, Table I,
+ °°  Column 2 (mrcrocuneslcm ) .

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

1 This formula has been derived from 10 CER 20, Table Il, Notes 1, 2, and 3.

s
'
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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 Il, Note 1.
= = absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

Bkg = an approximation of the detector background (cpm)

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

(3) Documenting the fixed setpoint for 1/2-R[-4014

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

(4) Changing the fixed setpoint for 1/2-RI-4014

(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 a value which falls within the normal operating range of
the monitor.

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

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

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

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

i) the minimum dilution water flow 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 calibrated, repaired, or
otherwise altered, or

As determined in accordance with Attachment 5.
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(e)

- v) - - the monitor is not conservative in its function (see "Functions

of 1/2-RE-4014" earlier in this section).

" EN-1-100 contalns the admmlstratlve controls associated with
changmg and approving the fixed setpoint.

i) The adjustable setpoint for 1/2-R1-4014

&) General information

(a)

(b)

(c)

(d)

(e)

®

_(g)

(h)

RO

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

The adjustable setpomt is based on the specuf c activities of the
radionuclides present in the undiluted liquid waste (as determined by
radlochemlcal analysns 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 |lSt of operator ACTIONS taken i in response to this

‘alarm.

The adjustable setpoint corresponds to the maximum concentration of
radionuclides anticipated or expected in dlscharges 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 iritegral to the steam generator blowdown tank
radiation monitor, as purchased from the supplier. -

This alarm is therate'd by the'plant"computer which monitors output

. from 1/2-R1-4014, and provides an alarm to plant operators when the

1/2- RI-4014 adjustable setpoint has been exceeded.

A value for the adjustable setpoint shall be calculated prior to each

) release as shown below ‘
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(2) Calculating the adjustable setpoint for 1/2-RI1-4014

(a) The adjustable setpoint is based on the specific activity of the
radionuclides in the undiluted liquid waste (as determined by
radiochemical analysis per Control 4.11.1.1.1), and is calculated as
shown below.

ADJUSTABLE SETPOINT FOR 1/2-RI-4014

Sag = 250 [X (Aw) (&) + Bkg] Eq. 5L’

Bkg

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

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

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

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

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

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

= an approximation of the detector background (cpm)

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

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

4) Changing the adjustable setpoint for 1/2-R1-4014
(a) If the adjustable setpoint exceeds the maximum range of the monitor,
the setpoint shall be adjusted to a value which falls within the normal
operating range of the monitor.

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

N -

Equation 5L has been derived from NUREG-0133, Addendum, page AA-1.
The "analysis uncertainties” and "calibration uncertainties" refer to uncertainties which are within established
quality assurance and quality contro! limits.

2
N}
S
S
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(c) Chemistry procedures contain administrative controls associated with
calculating and approving an adjustable setpoint.

(d) . Whenever 1/2-RI-4014 is operable, the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
each release from the steam generator blowdown and processing
system. :

(¢) Plant Operating Instructions (.g., Oi-SA) contain administrative
controls associated with entering the adjustable setpoint in the plant
computer.

j)  The low alarm setpoint for 1/2-RI-4014

1) This alarm |s> integral to the steam generat_or blowdown tank monitor, as
purchased from the manufacturer.

: (2) ” The current value for the low alarm setpornt is specuf ied in the CCNPP Alarm
Manual.

(3) Changes to the low aiarm setpoint are cehtrclled by EN-1-100.

t 4) . The ODCM does not address the calculatlons assocrated with the low alarm
setpoint.

LIMITS ON RADIONUCLIDE CONCENTRATIONS IN LIQUID EFFLUENTS

1. Introduction

a) 10 CFR 20, Appehdik é. sbeciﬁesconcentratien lirﬁits associated with the release of
radioactive materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been estabhshed to rmplement the requirements
of 10 CFR 20. -

c) These radlologlcal efﬂuent controls are descrrbed below
2. ,Radrologrcal Efﬂuent Controls R : 3 '

a) The concentratron of radloactlve matenal released in liquid effluents to
UNRESTRICTED AREAS shall be limited to the concentrations specified in 10 CFR
20, Appendix B, Table II, Column 2 for radionuclides other than dissolved or
- entrained noble gases (per Control 3.11.1.1). . -

1



7

OFFSITE DOSE CALCULATION MANUAL ,‘3:;;3 90 of 319

b) It should be noted that NUREG-0133 specifies that the concentration of radioactive
materials in liquid effluents to UNRESTRICTED AREAS shall be limited to 2 E-4
microcuries per milliliter for dissolved or entrained noble gases, this control has not
been incorporated into the CCNPP Technical Specifications, and as a result, the
ODCM does not include calculations for same.

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

Surveillance Requirements

a) Routine surveillances for BATCH RELEASES

(1)

(2)

@)

4)

®)

Sample each "BATCH" of radioactive liquid waste prior to its release (per
Control 4.11.1.1.1).

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, I-
131, Mo-99, and Ce-144) in the "BATCH" sample, prior to the "BATCH"
release (per Control 4.11.1.1.1).

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

Determine the concentrations of Sr-89 and Sr-90 contained in a quarterly
COMPOSITE SAMPLE at least once per quarter (per Control 4.11.1.1.1).

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)

(2)

(3)

Sample CONTINUOUS RELEASES of radioactive liquid waste at least once
per month (per Control 4.11.1.1.1).

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, |-
131, Mo-99, and Ce-144) in the undiluted, CONTINUOUS waste stream
sample (per Control 4.11.1.1.1).

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).
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4. Responsible Plant Organizations : -~ _ ' R .
a) The CHEMISTRY SECTION is responsible for performmg the samphng. analysrs
and calculations required by the above survelllances
‘b) The conditions which initiate the requrred surverllances are contamed in the foIIowrng
- section. | :
5. Initiating Conditions

a) The surverIIances for BATCH RELEASES shall be performed prlor to each BATCH

RELEASE' and may be performed more often as specified in approved
.CHEMISTRY SECTION procedures e .

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

6. - Calculation Methodology
a)  AtCCNPP, there are two methodologles for calculating the concentrations of -
. radlonuchdes in the receiving waters, at the point of release to UNRESTRICTED
- AREAS, resulting from the discharge of liquid waste.’

(1) The rigorous method shall be used IF a computer system and the approprlate
software are avarIabIe , _ o

(2) The simplified method may be used IF a computer system ‘and the
appropriate ,software are NOT avarlable ’

(3) These methods, as well as addltronal supportlng informatron are presented
in the following sections. - ‘

b)  Rigorous method -

(1) Solution of the following equation may prove too rigorous for routine use
‘ " unless a computer system and appropriate software are avarIabIe

(2) If a computer system and the appropnate software are available, ensure the
" concentrations of radionuclides in UNRESTRICTED AREAS are less than
one MPC by venfyrng the foIIowmg rnequahty istrue: -

! Per Control 4.11.1.1.1. ‘ o L o
Per Control 4.11.1.1.1. ’ '
The LOWER LIMITS OF DETECTION shall conform to ControI 4.11. 1 1 1 TabIe 4. 11-1

W N
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LIMIT ON CONCENTRATIONS OF RADIONUCLIDES TN UNRESTRICTED AREAS (RIGOROUS
METHOD)

(FulFg) X (AulAn) <1 Eq. 6L

Fa

DIL

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

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

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

UTION WATER FLOW RATE

Fq = Few + Fow + Fy Eq. 2L

Aiy

i}

= the actual circulating water system flow rate
The flow rate of each circulating water pump is 200,000 gallons per minute.
= the salt water system flow rate

If the actual salt water flow rate is unknown or otherwise not readily available, a salt water flow
rate of 0 gpm may be used in equation 2L.

The maximum flow rate for one salt water pump is listed on Attachment 2.
= actual undiluted radwaste flow rate (gpm)

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

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

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

= the specific activity of nuclide, i, in the undiluted liquid radwaste (microcuries per milliliter)
= the MPC limit (MPCs) for UNRESTRICTED AREAS
This value is based on the MPC limit from 10 CFR 20, Table Il, Note 1.

c) Simplified method

Equation 6L has been derived from 10 CFR 20, Appendix B, Table Il, Note 1.

€002/L0
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"~ (1) "Whenevera .computer system and appropnate software are unavallable 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 inequality is true, :

LIMIT ON CONCENTRATIONS OF RADIONUCLIDES IN UNRESTRICTED AREAS
”(SlMPLlFIED METHOD)

Vv

: {Ful[(Fd)(Al131Lt)(K!f)]}zAlu51\» - e Eq.7L!

Fy = actual undiluted radwaste ﬂow rate (gpm)

" Ifthe actual undiluted radwaste flow rate is less than 1% of the total drlutron water flow rate, an
undlluted radwaste ﬂow rate of 0 gpm may be used in equatron 2L

~ Attachment 2.

Fq = the actual dilution water ﬂow rate (gpm) pnor to the ponnt of release to UNRESTRICTED
: AREAS

The actual dllutron water ﬂow rate is the sum of the crrculatlng water ﬂow rate the salt water
- flow rate, and the undiluted radwaste flow rate.. . ,

DILUTION WATER FLOW RATE - ) ' )

Fg = 7 ch + Fsv;l.:*' F, S Eq°2L

Few = theactual circulating water system flow rate .
. The flow rate of each crrculating water pump is 200,000 gallons per minute.

Few . = the actual salt water system ﬂow rate

If the actual salt water flow rate is unknown or othen/vrse not readily available a salt water flow
rate of 0 gpm may be used in equatlon 2L

" The maxnmum flow rate for one salt water pump is lrsted on Attachment 2.
A3 = the specific activity limit for I-131 corresponding to the limiting concentration specified in 10 CFR
20, Appendix B, Table I, Column 2
This value is 3E-7 microcuries per milliliter.

Ay, = the specific activity of nuclide, i, in the undiluted liquid radwaste (microcuries per milliliter)
Ky = a constant, actually a safety factor, which is the ratio of the CCNPP activity limit to the activity
limit of 10 CFR 20, Appendix B, Table Il, Column 2, (unitless) (per Control 3.11.1.1)

The safety factor chosen shall be less than or equal to 1.00. This ensures the activity is always
less than or equal to the activity limit of 10 CFR 20, Appendix B, Table II, Column 2.

! This equation has been derived from 10 CFR 20, Appendix B, Table Il, Note 1.

€002/20
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A safety factor of 1.00 will yield a activity which corresponds to the 10 CFR 20, Appendix B,
Table Il, 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 Il, Column 2.

It is recommended that a safety factor of 1.0 be used for calculating the activity, however, other
values--not to exceed 1.00--may be used as directed by the General Supervisor Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a safety factor
does provide plant personnel with a degree of administrative control over the use of simplified
equations for generating radioactive liquid release permits. This administrative control is
designed to minimize the possibility of violating 10 CFR 20, Appendix B, Table II, Column 2
limits whenever simplifying assumptions are used.

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

This safety factor has been included in equation 7L to account for any potential
nonconservatism associated with applying the 1-131 MPC limit to all radionuclides 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 the applicable limits and corrective ACTIONS are initiated
as described below.

7. Corrective ACTIONS

a) CHEMISTRY SECTION surveillance procedures shall contain and/or reference
administrative and/or Technical Specification limits for concentration of radionuclides
in liquid effluents and shall specify corrective ACTIONS to be initiated when these
limits are exceeded.

b) Refer to Control 3.11.1.1 for ACTIONS to be taken in the event the concentrations of
radionuclides in UNRESTRICTED AREAS exceed one MPC.
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- LIMITS ON CUMULATIVE TOTAL BODY DOSES AND CUMULATIVE ORGAN DOSES FOR LIQUID

EFFLUENTS
1 . Introductron
a) .. Appendix|to 10 CFR 50 specifies total body dose limits and organ dose limits
. .associated with the release of radioactive I|qu1ds to UNRESTRICTED AREAS.

b) Radiological effluent controls have been estabhshed to implement the requirements

of 10 CFR 50, Appendix |. - . o
‘ c) ) These radlologlcal efﬂuent controls are descnbed below
2. Radxologlcal Effluent Controls a o

a) . 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). .

b)  The organ doses to MEMBERS OF THE PUBLIC, from liquid waste discharged to

‘ UNRESTRICTED AREAS, shall be less than 10 mrems per calendar quarter and 20
mrems per calendar year (Control 3.11.1.2).

c) The routine survelllances whrch are performed to verify compliance with these
radiological effluent controls are described below.

3. Surveillance Requirement(s) .

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

b) 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 calculated, in accordance with
equation 8L, at least once per 31 days (per Control 4 11.1.2 and 4,11.1.3).

4 ~Respon51ble Plant Organlzatlons s ' o '

a)

.The CHEMISTRY SECTION is responsrble for performing the surveillances, listed
above, whenever the appropriate initiating conditions, listed below, are present.

10
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5.

Initiating Conditions

a)

b)

d)

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

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

For CONTINUOUS RELEASES, perform the surveillances, listed above, at least
monthly (until the CONTINUOUS RELEASE has been terminated) and, if activity is
identified' in the CONTINUOUS waste stream, the surveillances may be performed
more often as specified in approved CHEMISTRY SECTION procedures.

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.

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) shall be calculated as follows:

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

Drot. = E Dor Eq. 8L

DToL

or

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

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

b)

c)

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

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

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

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

Rigorous method

The LOWER LIMITS OF DETECTION shall conform to Control 4.11.1.1.1, Table 4.11-1.
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*~ (1) .~~~ Solution of the following equation may prove too rigorous for routine use
unless a computer system and appropriate software are available.

(2) If a computer system and the appropriate software are available, the dose

© . commitments due to each release of radioactive liquid to an
UNRESTRICTED AREA shall be calculated in accordance with the followmg
equation:

DOSE TO THE TOTAL BODY OR ORGAN, o, FROM A LIQUID RELEASE (RIGOROUS EQUATION)

D, = {Vu/[(60)(Fa)1} Z{(Au)(Ci)} 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 cwculatlng water flow rate, the salt water
flow rate, and the undlluted radwaste flow rate.’ ‘
The dilution water flow rate shall be calculated in accordance with equation 2L.
DILUTION WATER FLOW RATE
Fo =  FutFuth Ba.2L
Few = actual circulating water system flow rate
The flow rate of each crrculatlng water pump is 200,000 gallons per minute.”
“Few = actual salt water system flow rate -
If the actual salt water flow rate is unknown or otherwrse not readlly 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.
Fy = actual undlluted radwaste flow rate (gpm) o | |
If the actual undlluted radwaste flow rate is less than 1% of the total d|lutlon 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
Attachment 2.
Vy . = volume of undlluted radwaste (gallons) | ’
Aiu = specnf' ¢ activity of nucllde i, in the undiluted hqund radwaste (mlcrocunes per m|ll|l|ter)
Co = liquidrelease doé':é factor for nuclide, i, and or'gan.:o' (mrern[hr per"'rnicrocurie/njl)'

! Equation 9L has been derived from NUREG-0133, 4.3. .
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The liquid release dose factors for principal gamma and beta emitters are listed in Attachment
6.

The liquid release dose factors for principal gamma and beta emitters were obtained in
accordance with the methodology of NUREG-0133, section 4.3.1 (for salt water sites).

60 = a constant, the number of minutes per hour

3) In the event a computer system is unavailable, a simplified equation may be
used to calculate the total body and organ dose commitments due to
individual liquid releases.

4) The simplified method is presented below.
d) Simplified methods

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

(2) Whenever a computer system is unavailable to perform the rigorous organ
dose calculations described in the previous section, the dose commitments--
to the maximum exposed organ, due to each release of radioactive liquid to
an UNRESTRICTED AREA--may be calculated in accordance with equation
11L.

TOTAL BODY DOSE FROM A LIQUID RELEASE (SIMPLIFIED EQUATION)

Dp = {[(58.6)(Vu)1/[(Ky)(Fa)1} ZA, Eq. 10L'
Dy = dose commitment, to the total body, due to each release of radioactive liquid to an
UNRESTRICTED AREA
58.6 = a conversion constant which includes:

1) 1.33E4 mrem/hr per microcurie/ml (the total body dose factor for Cs-134)
2) 1.000 hr/60.00 min
3) 1.000 gallons/3.785 liters

<
c
I

volume of undiluted radwaste (liters)

a constant, actually a safety factor, which is the ratio of the CCNPP total body dose limit to the
total body dose limit of Control 3.11.1.2, (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the total body dose is
always less than or equal to the total body dose limit of Control 3.11.1.2.

Equations 10L has been derived from NUREG-0133, 4.3.
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A safety factor of 1.00 will yield a total body dose which corresponds to the total body dose limit
of Control 3.11.1.2. ,

A safety factor of 0.500 will yield an total body dose which corresponds to one-half the total
body dose limit of Control 311.1.2. -

Itis recommended that a safety factor of 1.0 be used for calculatlng the total body dose, _
however, other values—not to exceed 1.00--may be used as directed by the General Supervrsor
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 srmphﬁed
equations for generatlng radioactive liquid release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.1.2 when simplifying assumptions
are used.

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

This safety factor has been mcluded in equatlon 10L to account for any potentlal
nonconservatism associated with applying the Cs-134 total body dose conversion factor to all
radionuclides identified in the liquid release. Such nonconservatism could conceivable be
present whenever radionuclides having a dose conversion factor greater than that of Cs-134 are
present in a liquid release.

actual dilution water flow rate (gprn) prior to the potnt 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 undlluted radwaste flow rate.

The dilution water ﬂow rate shall be calculated in accordance wrth equatron 2L.
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DILUTION WATER FLOW RATE

Fa Few + Fow + Fu Eq. 2L

Faw = actual circulating water system flow rate
The flow rate of each circulating water pump is 200,000 gallons per minute.
Few = actual salt water system flow rate

If the actual salt water flow rate is unknown or otherwise not readily available, a salt water flow
rate of 0 gpm may be used in equation 2L.

The maximum flow rate for one salt water pump is listed on Attachment 2.
Fu = actual undiluted radwaste flow rate (gpm)

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

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

Ay, = specific activity of nuclide, i, in the undiluted liquid radwaste (microcuries per milliliter)

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

D,

{[(449) (VL) 1/ [(K)(Fa)1} Z A, Eq. 11L'

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

449 = aconversion constant which includes:
1) 1.02E5 mrem/hr per microcurie/ml (the dose factor for I-131 to the thyroid)
2) 1.000 hr/60.00 min
3) 1.000 gallons/3.785 liters

Vy = volume of undiluted radwaste (liters)

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)

sf

The safety factor chosen shall be less than or equal to 1.00. This ensures the organ dose is
always less than or equal to the organ dose limit of Control 3.11.1.2.

Equations 11L has been derived from NUREG-0133, 4.3.

£002/20
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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 yietd an ergan dose whtch corresponds to one-half the organ dose
limit of Control 3.11.1.2. - L L ‘

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 drrected by the General Supervrsor
Chemistry.

- The particular value selected for the safety factor is somewhat arbltrary, however a safety factor
“'does provide plant personnel with a degree of administrative control over the use of snmphf‘ ied

equations for generatung radioactive liquid release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.1.2 when simplifying assumptions
are used. ,

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

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

Fq dilution water flow rate (gpm) pnor to the point of release to UNRESTRICTED AREAS
The actual dilution water flow rate is the sum of the circulating water flow rate, the salt water
flow rate, and the undiluted radwaste flow rate.
The dilution water flow rate shall be calculated in accordance with equation 2L.
DILUTION WATER FLOW RATE
Fe =  Fou* Fa*F, | Eq. 2L
Fow actual circulating water system flow rate’

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

If the actual salt water flow rate is unknown or otherwnse not readlly 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.

Fy = actual undiluted radwaste flow rate (gpm)

If the actual undnluted radwaste flow rate is Iéss than 1% of the total dilution water flow rate, an
undiluted radwaste flow rate of 0 gpm may be used in equation 2L,

Values of maximum undlluted radwaste flow rates for vanous waste streams are tabulated in
Attachment 2.

Ay = specific activity of nuclide, i, in the undiluted liquid radwaste'(m'icrocuries per milliliter)

7. Corrective ACTIONS

a)

b)

CHEMISTRY SECTION surveillance procedures shall contain and/or reference
administrative and/or Control limits for cumulative total body doses or cumulative
organ doses resulting from liquid effluents and shall specify corrective actions to be
initiated when these limits are exceeded.

Refer to Control 3.11.1.2 for actions to be takeh in the event the calculated
cumulative total body dose exceeds 3 mrem per calendar quarter or 6 mrem per
calendar year.

Refer to Contrbl 3.11.1.2 fdr actions to be taken in the event the calculated
cumulative organ dose--for any organ—exceeds 10 mrem per calendar quarter or 20
mrem per calendar year. .

LIMITS FOR THE LIQUID WASTE PROCESSING SYSTEM

1. Introduction

a)

b)

d)

10 CFR 50.36a requires licensees to maintain and use the equipment installed in the
liquid waste processing system for the purpose of controlling effluents to the
environment.

Radiological effluent controls have been established to implement the requirements
of 10 CFR 50.36a.

Different documents (e.g., Technical Specifications or NUREG-0472) may reference
this effluent control using a variety of synonyms. Examples of some of these
synonyms include terms such as the PROJECTED DOSE, the 92-DAY PROJECTED
DOSE, the 92-DAY CUMULATIVE DOSE, the DOSE IN A 92-DAY PERIOD, or the
DOSE FOR THE PREVIOUS 92 DAYS. The ODCM methodology for calculating this
dose — by whatever name — is based on a simple sum of the dose contributions for
the previous 92 days. As result, all the terms listed above are considered as
equivalent quantities for purposes of this effluent control at CCNPP. For simplicity,
the ODCM generally uses the phrase “dose for the previous 92 days” when
referencing this effluent control.

These radiological effluent controls are described below.

£002/L0
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2, Radioiogicai Efﬂuent Controls .

a)  The Ilqund radwaste processung system shaii be used to reduce the guantity of
~ radioactive materials in'liquid waste released to the environment whenever the total
body dose to MEMBERS OF THE PUBLIC, from liquid waste discharged to
. UNRESTRICTED AREAS,is greater than 0.36 mrem for the previous 92 days (per
Control 3.11.1.3). = . y _

b) The liquid radwaste processing sys'tem shall be used to reduce the quantity of
radioactive materials in liquid waste released to the environment whenever the organ
doses to MEMBERS OF THE PUBLIC, from liquid waste dlscharged to
UNRESTRICTED AREAS, is greater than 1.20 mrem for the previous 92 days (per
Contro! 3.11.1.3). .

e) The routine surveillances which are pertdrmed to verify compliance with this
radiological effluent controls are described below.

3. Surveillance Requirement(s)

a)  The prev10us"92 day, cumulative, total :b'o‘d‘y dose--to MEMBERS OF THE PUBLIC
. in UNRESTRICTED AREAS-shaiI be calculated, as described in the ODCM, at least
‘once per 31 days (per Control 4.11.1.3).

- b) The previous 92-day, cumulative, organ doses--to MEMBERS OF THE PUBLIC in
. UNRESTRICTED AREAS--shall be calculated, as descnbed in the ODCM, at least
“once per 31 days (per Control 4.11.1.3). h

c) The CCNPP orgamzatuon(s) responS|b|e for performing these surveillances are
identified in the next section."

4. Responsible Plant Organization(s)

a) The CHEMISTRY SECTION is responsible for performing the surveillances, listed
above, whenever the appropriate initiating conditions, listed below, are present.

5. Initiating Conditions
a) Perform the surveillances, listed above, at least once per 31 days (per Control
4.11.1.3).

b) For BATCH RELEASES, perform the surveillances, listed above, prior to each
BATCH RELEASE of radioactive liquid waste in accordance with approved
CHEMISTRY SECTION procedures.
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c)

d)

For CONTINUOUS RELEASES, perform the surveillances, listed above, at least
monthly (unt|I the CONTINUOUS RELEASE has been termmated) and, if activity is
identified' In the CONTINUOUS waste stream, the surveillances may be performed
more often as specified in approved CHEMISTR_Y SECTION procedures.

Whenever the correct initiating condiiic;né are p‘re:sént‘. the calculations required by
the above mentioned surveillance(s) shall be completed in accordance with the
methodology contained in the following section.

Calculation Methodology

a)

The cumulative total body dose and the cumulative organ doses for the previous 92
days shall be calculated in accordance with equation 8L found in the section, "Limits
On Cumulative Total Body Doses And Cumulatlve Organ Doses For Liquid
Effluents”, found elsewhere in the ODCM.

Corrective ACTIONS

a)

b)

c)

CHEMISTRY SECTION surveillance procedures shall contain/and or reference
administrative and/or Control limits for cumulative total body doses or cumulative
organ doses resulting from liquid effluents and shall specify corrective ACTIONS to
be initiated when these limits are exceeded. '

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 fqr the previous 92 days.

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.

1

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



OFFSITE DOSE CALCULATION MANUAL ~ B&%. 7.

- ‘RADIOACTIVE GASEOUS EFFLUENTS -~ -- - - - |

RELEASE PATHWAYS ' - ; [B527]
1. tntroduction .

a) Radioactive gaseous waste generated from operatlon of CCNPP may be released to
the atmosphere .

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

(1) Unit 1 main vent stack |
(2) Unit 2 main vent stack -
c) Depending on plant conditions, (e.g., primary-to-secondary leaks) a potential exists
- for the release of radioactive materials from other pathways. Examples of these
pathways are listed below. General information related to each of these potential
release pathways is contalned on Attachment 8.
(1) auxiliary borler deaerator '
(2) steam generator atmosphenc steam dump system A
(3) | plant mtrogen system
“(4) turbine building ventilation exhaust
| (5) emergencyairlock - - |
(6) plant compressed air
(7) main steam line penetrations c
(8) contamment equupment hatch
(9) auxnhary feed pumps
(10) tgland steam exhaust condenser
d)

' All of these pathways are described below..

Unlt 1 Maln Vent Stack

a) s

b)

: Dllutlon air and radloactlve gaseous waste are dlscharged to the atmosphere
through the Unit 1 main vent stack. St )

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.

"EU0ZIL0
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c)
d)

e)

‘

The Unit 1 main vent stack is secured to the Unit i1 reactor containment building‘.

The top of the Unit 1 main vent stack is at elevation 203.5 feet (mean sea level,
MSL), and as such is 10.1 feet above the top of the reactor containment building
dome. As a result, the Unit 1 mam vent stack does not qualify as a "free-standing™
stack greater than 80 meters tall'.

The Unit 1 main vent stack is desngned 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.

3. Unit 2 Main Vent Stack

a) Dilution air and radioactive gaseous waste are dlscharged to the atmosphere
through the Unit 2 main vent stack.

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

c) The radioactive gaseoué waste is mixed with and diluted by the outside air and
building exhausts prior to exiting the Unit 2 main vent stack.

d) The Unit 2 main vent stack is secured to the Unit 2 reactor containment building.

e) The top of the Unit 2 main vent stack is at elevatfbn 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 quahfy asa "free standing” stack greater than 80
meters tall.'

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

4, Auxiliary Boiler Deaerator

a) Radioactive gases may be vented from the auxiliary boiler deaerator during periods
of primary to secondary leakage.

b) Steam from the Moisture Separator Reheater (MSR) may be used in the deaerator.
In the event of a primary to secondary leak, the MSR steam could become
contaminated. Therefore, a potential exists for the release of radioactive gases in
steam discharged from the auxiliary boiler deaerator.

c) The discharge of steam is accomplished via a relief vent, 0-VBV-1891, which allows
excess pressure to be vented to atmosphere.

d) In the event the auxiliary boiler deaerator were to become contaminated, the amount

of radioactivity released and the resulting doses/dose rates at the SITE BOUNDARY
can be estimated if the following parameters are known:

(1) the MSR steam activity obtained from a sample,

As defined by Regulatory Guide 1.111
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(2) - the duration of the discharge, S ST
(3) the estimated steam discharge flow rate, and

(4) the measured or average annual meteorological conditions.

-e) - In accordance with appllcable safety evaluatlons continued operatlon of this system

is allowed as long as the concentration of raduonuchdes in the auxiliary boiler steam
drum is less than 96 MPCs.

Steam Generator Atmospheric Steam Dump System
a) Radioactive gases are not normally vented from this pathway.

b) . Radioactive gases may be vented from the steam generator atmospheric steam
dump system during periods of primary to secondary Ieakage

c) Ifa pnmary to secondary leak is present and the steam dump valves are opened, the
amount of radioactivity released and the resulting doses/dose rates at the SITE
BOUNDARY can be estimated if the follownng parameters are known (per UFSAR,
10.1.2.2): o ‘ ,

(1)  the specific activity of a main steam sample as determined by GAMMA
ISOTOPIC ANALYSIS,

(2) the duration of discharge,
(3) the estimated steam r:it5cha'rge flow rate, and
(4) . the me:asured or taverag'e annual meteo_rological eonditions.

d) The total capacity of theAatmes'pheric steam dump valve is 5 percent of steam flow
with the reactor at full power (per UFSAR, 10.1.2.2). :

Plant Nitrogen System

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

b) Nitrogen is supplied to various components which contain radioactive materials (e.g.,
VCT).

c) ' In the event the plant nttrepen system.\'/v'e;re t6 become eontaminated, the amount of

- - radioactivity released and the resulting doses/dose rates at the SITE BOUNDARY
can be estimated if the followrng parameters are known .

‘ (1) h the specific actnvrty of the gas in the plant nltrogen system as determined by
GAMMA ISOTOPIC ANALYSIS, ,

(2)  the pressure of the nitrogen system, .

(3) the volume of the nitrogen system, and .

1

See 50.59 Log No. 90-0-027-037-R1.
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(4) the measured or average annual meteorological conditions.

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

e) In accordance with applicable safety evaluations', continued operation of this system
is allowed as long as the concentration of radionuclides is less than 13,400 MPCs.

7. Turbine Building Exhaust

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

b) In the event radioactive gases were to be released through the turbine building
exhaust, the amount of radioactivity released and the resulting doses/dose rates at
the SITE BOUNDARY can be estimated if the following parameters are known:

(1) the specific activity of the turbine building air,

(2) the duration of the discharge,

3) the estimated flow rate during the discharge, and

(4) the measured or average annual meteorological conditions.
8. Emergency Air Lock

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

b) In the event radioactive gases were to be released through the emergency air lock,
the amount of radioactivity released and the resulting doses/dose rates at the SITE
BOUNDARY can be estimated if the following parameters are known:

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

(2) the volume of the air lock (9.558 cubic meters),

(3) the measured or average annual meteorological conditions.
9. Plant Compressed Air

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

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

1 the specific activity of the compressed air system,

(2) the pressure of the compressed air system,

(3) the volume of the compressed air system, and

See 50.59 Log No. 90-0-074-011-R1.
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(4) -~ the measured or average annual meteorological conditions. -
10. Main Steam Line Penetrations
a) Radioactive gases are not normally vented from thls pathway
b) Thls penetratlon is cooled by outside alr ‘
c) . Gases may be released to the atmosphere through safety vents to the roof at
elevation 91.5 feet.
d)  See UFSAR9.8.2.3.
11..  Steam Driven Auxiliary Feed Pumps
a) Radioactive gases are not normally vented from this pathway
b) In the event radioactive gases were to be released through the auxiliary feed pumps,
the amount of radioactivity released and the resulting doses/dose rates at the SITE
BOUNDARY can be estimated if the following parameters are known:
(1) the activity in the s;ear'gi, ' l
(2) the volume of steam released.
12.  Containment Equipment Hatch |
a) Radioactive g‘asés»are ‘not normally ven{tedffrbm tﬁis pethwey.
b)  In the event radioactive gases were 1o be released through the containment
. equipment hatch, the amount of radioactivity released and the resulting doses/dose
rates at the SITE BOUNDARY can be estimated if the followmg parameters are
known:
(1) the containment air actnvuty obtamed from a'sample,
(2) the volume of the air released, -
(3) the measured or average annual meteorologlcal conditions.
13.  Gland Steam Exhaust Condenser

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

b) In the event radioactive gases were to be released through the gland steam exhaust
condenser, 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 activity in the gland steam exhaust condénser,

(2)  the flow rate through the gland steam exhaust condenser,
""(3)- " the duration of the leak, and - - T

(4) the measured or average annual meteorological conditions.

£002/L0
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14. Other unmonitored release paths should be evaluated and added to the ODCM as %

necessary.

TYPES OF GASEOUS RELEASES _

1. All gaseous radwaste releases are classified as either BATCH RELEASES or
CONTINUOUS RELEASES.

2. The definition of BATCH RELEASE is included in the deﬁnitions section of the ODCM.

3. The definition of CONTINUOUS RELEASE is included in the definitions section of the
ODCM.

4, Gaseous radwaste discharges have been classified as CONTINUOUS or BATCH as shown
on Attachments 7 and 8.

PROCESSING EQUIPMENT

1. Simplified Flow Diagram

a) An overview of the gaseous waste processing system, including major equipment
and (normal) flow paths, is outlined on Attachment 9.

2. Modifications

a) Licensed initiated major changes to the gaseous waste processing system shall be
reported to the Commission in the Radioactive Effluent Release Report for the period
in which the modification to the waste system was completed (per Technical
Specification 5.6.3). The discussion of each change shall contain:

£00%/L0

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

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

b) A "major" 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 fiter
(5) charcoal filter

3. Detailed Description

a) A detailed description of the gaseous waste processing system is beyond the scope
of the ODCM.
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b) - For more information on the Waste Gas System, see the CCNPP System - - - -
Description Number 14A, "Waste Gas System.”

c) For more information on the Waste Gas System, see the CCNPP Updated Final
Safety Analysis Report, Chapter 11, "Waste Processing And Radiation Protection.”

GASEOUS EFFLUENT RADIATION MONITORS AND SETPOINTS

B B Wide Range Gas Monitor (1-RE-5416)
o a) General description. o
(1) The Wide Rahg’e Gas Monitor (WRGM) jéoniains 3 radiation elements
(a) low-range noBIé gés de'te'ctor’
i) Designatidh‘df'rédiatidh element: 1-RE-5416
ii) type of radiation element: Off-line scintillation
iii) output: digital
iv)  Radiation indicator: 1-RIC-5415
v)  units for radi‘atibh indicator are user programmable and are
normally set to microcuries per cubic centimeter or microcuries
per second .
vi) supplier: Sorrento Electronics (formerly General Atomics)
(b) - mid-range, noble gas detector
) Designation of radiation element: 1-RE-5417
ii). . type of radiation element: Solid state
iii) This hoblér‘gas moﬁitdr is used to measure the release of
radioactivity from unit 1 main vent in the event of an accident.
(UFSAR, 11.2.3.212) .

iv) é',étpdint's]for"the Amid‘-fahge'détector will not be addressed in
.. the ODCM .. .. .

. (c) .. high-range, noble gas detector
i) ‘Designation of radiation elément: 1-RE-5418
| ii)A | 4 | {ypé )6f:rad.iavti'on'el‘en:|ént: Solid state
' m) ; " ‘This detector is used to measure the release of radioactivity

“from unit 1 main vent in the event of an accident. (UFSAR,
11.2.3.2.12)
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b)

d)

iv) setpoih.té for the high-range detector will not be addressed in
the ODCM ‘

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

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 or 4.11.2.1.2, Table 4.11-2)

(2) continuously indicate (via 1-RIC-5415) the release rate of noble gases
emanating from the Unit 1 main vent stack (Control 4.11.2.1.1 or Control
4.11.2.1.2, Table 4.11-2)

(3) alarm (via 1-RIC-5415) prior to exceeding the site-boundary, noble-gas, total-
body-dose-rate limit of 500 mr/yr (per Control 3.11.2.1.a)

(4) alarm (via 1-RIC-5415) prior to exceeding the site-boundary, noble-gas, skin-

dose-rate limit of 3000 mr/yr (per Control 3.11.2.1.a)
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 capability
of providing the measurement and alarm functions of 1-RE-5416 during times
when 1-RE-5416 is declared inoperable.

(2) 1-RE-5415 provides redundant monitoring [for 1-RE-5416] at the low end of
the concentration ranges (UFSAR 11.2.3.2.12).

(3) In the event 1-RE-5415 is inoperable or otherwise unavailable,
1-RE-5416 may fulfill the measuring, indicating, and alarming functions
normally provided by 1-RE-5415.

Radiological effluent controls for 1-RE-5416

(1) Control 3.3.3.9 states that releases via the plant vent stack may continue if
any one of the following__three conditions are satisfied:

(a) 1-RE-5415 is operable AND the alarm setpoint for 1-RI-5415 is set to
ensure the annual dose rates due to noble gases at the SITE
BOUNDARY are less than 500 mr/yr to the total body and are less
than 3000 mr/yr to the skin (per Control 3.11.2.1.a), or



OFFSITE DOSE CALCULATION MANUAL . - RV 7

Page 113 of 319 -

g)

(b) -

(c)

. an "equivalent monitor” is operable AND the alarm trip setpoint for the
. "equivalent monitor” is set to ensure annual dose rates due to noble

gases at the SITE BOUNDARY are less than 500 mr/yr to the total

body and are less than 3000 mr/yr to the skin (per Control 3.11.2.1.a),

or

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).

Surveillances for 1-RE-5416

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

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

CHANNEL CHECK within the past 24 hours

SOURCE CHECK within the past 31 days

CHANNEL CALIBRATION within the past 18 months
CHANNEL FUNCTIONAL TEST within the past 6 six months

Setpoints for 1-RIC-5415

(1)  Requirements and commitments

(8 The alarm and fixed sétpoints ... shall be determined and adjusted in

accordance with the methodology and parameters of the ODCM.
. (Control 3.3.3.9) .

(b) The method for calculating fixed or adjustable setpoints shall be

provided in the ODCM (per NUREG-0133, 6.1.1).
(2) There are four radiation alarm setpoints associated with, or otherwise related

to, the WRGM. »

(a) 1-RIC-5415 ﬁxed high-high radiation alarm setpoint

(b) 1-RIC-5415 fixed hlgh radiation alarm setpoint

(c) 1 RIC 5415 adjustable plant computer high rad|at|on alarm setpomt

(d) 1 -RIC-5415 adjustable plant computer alert setpomt

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

(a)

(b)

The 1-RIC-5415 fixed highi-high radiation alarm setpoint will be

referred to as the fixed high alarm setpoint

The 1-RIC—5415 fi xed high radlatlon alarm setpomt WI|| be referred to
as the fixed alert setpomt :
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(c) The 1-RIC-5415 adjustable plant computer high radiation alarm
setpoint will be referred to as the adjustable setpoint

(d) The 1-RIC-5415 adjustéble plant computer alert setpoint will be
referred to as the alert setpoint.

4) Each of these alarm setpoints are described below.
h) Fixed high alarm setpoint for 1-RIC-5415
(1) General information
(a) The fixed high alarm setpoint is not adjusted for each release.

(b)  Whenever the fixed high alarm setpoint is exceeded, an alarm will be
generated.

(c) The current value for the fixed high alarm setpoint is specified in the
CCNPP Alarm Manual. '

(d) The CCNPP Alarm Manual® refers to the fixed high alarm setpoint as
the Unit 1 Wide Range Noble Gas Radiation Monitor high alarm
setpoint.

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

{j] The fixed high alarm setpoint is administratively controlled by EN-1-
100.

(g) The fixed high alarm setpoint shall be calculated as described below.
(2) Calculating the fixed high alarm setpoint for 1-RIC-5415

(a) The fixed high alarm setpoint for 1-RIC-5415 (WRGM) shall be
calculated in accordance with equation 1G.2

FIXED HIGH ALARM SETPOINT FOR 1-RIC-5415

Smwn S [c'/(x/Q) I [Fax/(Fa1+Fa2) ] [Amn ] Eq.1G’
Where,
Siin = the fixed high alarm setpoint for 1-RIC-5415 (microcuries per second)
c = a conversion constant (1E6 cubic centimeters per cubic meter)

! The CCNPP Alarm Manual is controlled by NO-1-201.

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

3 Equation 1G has been derived from NUREG-0133, 5.2.1.
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" 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 consudered "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 (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases)

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routine, long-term concentrations (e.g., routine noble -
gas releases) (UFSAR 2.3.6.3)

the estimated main vent stack (dlluted gaseous radwaste) floiv rate for unit, x, (CUbIC meters per
second)

The estimated main vent stack flow rates for’U-nit 1 and Unit2: are defined below.

" the estimated main vent stack flow rate for Unit 1 (c'ubic_'.m,eters 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 ﬂovv yate Ii_sted 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

: performlng this test. The results of the main vent flow rate test shall be evaluated to ensure the

main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The Radiological Effluent Technical Specifications (RETS) Program Manager is
responsible for modifying the (main vent flow rates used in the) ODCM in the event the main
vent flow rate for either Unit 1 or Unit 2 has incréased to a value which'is greater than the
maximum discharge flow rates listed on Attachment 7.

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

Since the main vent stack ﬂow rate will vary. dependmg on the confi guratlon of air dampers and
the input gas streams, nominal main vent stack flow rate is used to calculate the fixed high
alarm setpoint. - : S

Use the nominal Unit 2 main vent stack flow rate listed en 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 Equupment Unit shall be responsible for

,performlng this test. ‘The results of the main vent flow rate test shall be evaluated to ensure the

main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow -
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maximum discharge flow rates listed on Attachment 7.

1

NUREG-0133, 3.3



OFFSITE DOSE CALCULATION MANUAL 5o%: {164¢310

Calculate Ay, in accordance with equation 2G.

SPECIFIC ACTIVITY CORRESPONDING TO THE SITE BOUNDARY LIMIT

ZUHA)(A) VAL S Luec Eq. 2G'
Where,
fi = a fraction which represents the relative activity contribution of noble gas radionuclide i to the
total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)
This value may be obtained using the guidance provided on Attachment 5.
Ay = the specific activity limit for radionuclide, i, as obtained from 10 CFR 20, Appendix B, Table I,

Column 1 (microcuries/cm?3)

For all the radionuclides found in TYPICAL RADWASTE EFFLUENTS, use the value from 10
CFR 20, Appendix B, Table Il, Column 1. An acceptable alternative is to assume an isotopic

mix which results in a more conservative setpoint.

Lupc = the site MPC limit (MPCs) for UNRESTRICTED AREAS

The value chosen for Lypc in this equation is 2. The basis for this limit is 10 CFR 50.72.

It has been shown? that, for the radionuclides present in TYPICAL GASEOUS EFFLUENTS

from CCNPP, the 2 MPC limit is more restrictive than the limits of Control 3.11.2.1(a).

It should be noted that by using "2" as the MPC limit (10 CFR 50.72), instead of using the limits

of Control 3.11.2.1(a), a safety factor has been incorporated into equation 2G.

~ An alarm setpoint corresponding to 2 MPCs serves to initiate a determination of whether the "4-

hour NRC notification” (specified in 10 CFR 50.72) is required.

(3) Documenting the fixed high alarm setpoint

(a) Whenever the fixed high alarm setpoint 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 Il, Note 1.

N -

December 10, 1991.

Addendum To Setpoint Calculations For WRGM Monitors 1-RIC-5415 and 2-RIC-5415, R.L. Conatser,
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(4) Changing the fixed high alarm setpoint for 1-RIC-5415 - -

(a) If the fixed high alarm setpoint calculated in accordance with equation
1G exceeds the maximum range of the monitor, the fixed high
setpoint shall be adjusted to a value which falls within the normal
operating range of the monitor. ‘

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

(c) A setbéint éh.arig:é éhodld be initiated whenever any of the parameters
identified in the setpoint calculation equations (identified in this
section of the ODCM) have changed.

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

i) - the relative 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,

i) the MPC limit 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%?,

v) the values listed in 10 CFR 20, Table I, column 1 have
changed,

. .vi)  the radiation monitor has been recently calibrated, repaired, or
otherwise altered, or
vii) " the ‘mon‘itor is not conservative in its function (see "Functions
of 1-RE-5416" earlier in this section). ...

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

»n

" As determined in accordance with Attachment 5.
As determined by analysis of the TE-001 and ETP-87-16 test results.
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i) Fixed alert setpoiht for 1-RIC-5415

(1)  General information

(@

(b)

()
(d)

(e)

(f)

(9

The fixed élert setpoint is not adjusted for each release.

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

The CCNPP Alarm Manual does not reference this setpoint.

The fixed alert 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 is administratively controlled by EN-1-100.

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

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

(a)

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

FIXED ALERT SETPOINT FOR 1-RIC-5415

Smn S Kar [ Stxnn ] Eq. 3G
Where,
Sixn = the fixed alert setpoint for 1-RIC-5415 (microcuries per second)
Spxn = the fixed high alarm setpoint for 1-RIC-5415 (microcuries per second)
Kt = a constant, actually a safety factor, which is the fraction of the fixed high setpoint (unitless).

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed alert
setpoint is always less than or equal to the fixed high alarm setpoint.

A safety factor of 1.00 will yield a fixed alert setpoint which corresponds to the fixed high alarm

setpoint.

A safety factor of 0.100 will yield a fixed alert setpoint which corresponds to one-tenth the fixed

high alarm setpoint.

1

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

parameters of the ODCM. (Control 3.3.3.9).
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It is recommended that a safety factor of 0.1 be used for calculating the fixed alert setpoint,
however, other values—-not to exceed 1. 00-may be used as directed by the General Supervusor
Chemistry. .

. The particular value selected for the safety factor.is somewhat arbitrary, however a value less
than 1.00 does provide plant personnel with adequate time to respond to changing plant
- conditions and to initiate corrective ACTIONS so as to minimize the possibility of violating either
the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

The use of the safety factor is conSIstent with ALARA phllosophy that licensees should make
. every reasonable effort to maintain radiation exposures, and releases of radioactive materials in
effluents to UNRESTRICTED AREAS, as low as is reasonably achievable.

.-The use of a safety margin” is in accordance with the provisions of NUREG-0133 which states
that "... the alarm and trip setpoints ... should correspond to a value(s) which represents a safe
margln of assurance that the mstantaneous gaseous release limit of Control 3.11.2.1(a) will not
.be exceeded.” (per NUREG-0133, 5.1.1).

This safety margin wnll prevent minor ﬂuctuatrons in the nominal plant vent stack flow rates,
- errors in monitor efficiencies, and other statistical aberrations from adversely impacting the
calculated fixed alert setpoint. : o

(3)  Documienting the fixed alert setpoint
(a) Whene\'/'erthe fixed alert setnoint is calculated, the specific values
chosen for each of the variables shall be documented in accordance
with EN-1-100. 4
4) Changing the fixed alert setpoint for 1-RIC-5415

(a) A setpctnt change should be initiated whenever any of the parameters
identified in equatlon 3G have changed.

(b) The fixed alert setponnt should be changed whenever the fixed high
setpoint is changed.

(c) The fi xed alert setpomt should be changed if the value of the safety
. factoris changed .

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

(1) General information

(a)

(b)

(c)

(d)

(e)

(f)

(9)

(h)

O

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 containment building,
whichever is applicable. (The radionuclide concentrations are
determined by radiochemical analysis 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 main vent will be manually suspended.

Refer to the Alarm Manual for a full list of operator ACTIONS 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, or a containment purge via the main vent. For
containment purges during outages, system evolutions may cause
containment atmosphere activity to increase above what is normally
expected for short periods of time.

The value for the adjustable setpoint 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 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 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 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 -

. (@) The adjustable setpoint is based on the specific activity of the
. radionuclides in the undiluted gaseous waste (as determined by
radiochemical analysis per Control 4.11.2. 1.2), and the alarm setpoint
is calculated as shown below."

ADJUSTABLE SETPOINT FOR 1/2-R|C-5415

Sag = (Ku)(Fax) (€' ){[(Fu/Fasx)Z(Au)(e)]1+Bkg} Eq.29G'

‘analysis, (5) errors associated with monitor callbratlons
. variations in contalnment activity (appllcable to contalnment purges only).

the adjustable setpoint for 1/2-RIC-5415 (microcuries per second)

a constant actually a safety factor, whlch 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 spurlous ‘monitor responses, (2) statistical fluctuations in disintegration
rates, (3) statistical fluctuations in detector efficiencies, 44) errors associated with sample

and (6) antrcrpated short term

Cltis recommended that a safety factor of 10 for contalnment purge releases be used for

calculating the adjustable setpoint. However, other values for purge releases - not to exceed
10 -- may be used as directed by the General Supervisor Chemistry. A safety factor of 1.5 shall
be used for all other gaseous releases.

The particular value selected for the safety factor is somewhat arbrtrary, however avalue less
than or equal to 10 does provide plant personnel with adequate time to respond to changing -

- plant conditions and to initiate corrective ACTIONS so as to minimize the possnblllty of violating

either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

. The use of the safety factor is consistent with ALARA philosophy that licensees should make

every reasonable effort to maintain radiation exposures, and releases of radioactive materials in
effluents to UNRESTRICTED AREAS aslowasis reasonably achlevable

The use of a "safety margln |s’|n accordance wrth the provrsrons of NUREG-0133 which states
that ". . . the alarm and trip setpoints . . . should correspond to a value(s) which represents a
safe margln of assurance that the mstantaneous gaseous release limit of Control 3.11.2.1(a) will
not be exceeded.”

(per NUREG-0133, 5.1.1).

Equation 29G has been derived 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 limits.
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This safety margin will prevent minor fluctuations in the nominal plant vent stack flow rates,

errors in monitor efficiencies, and other statistical aberrations from adversely impacting the
calculated adjustable setpoint. Additionally for a special case of containment purges during
outages, the safety factor allows for short term variations in activity created as a result of system
evolutions in containment.

maximum undiluted radwaste flow rate (cubic meters per second)

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

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

Since the main vent stack flow rate will vary depending on the reactor unit, the configuration of
air dampers, and the input gas streams, nominal main vent stack flow rate is used to calculate
the adjustable setpoint.

Use the nominal main vent stack flow rate, for the appropnate unit, listed on Attachment 7.

The main vent stack ﬂow rate shall be determmed in accordance with approved procedures, at
least once per 6 months (+ 25%). The Test and Equipment Unit shall be responsible for
perfonmng this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maximum discharge flow rates listed on Attachment 7.

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

a conversion constant (1E6 cubic centimeters per cubic metar)
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(3) Documenting the adjustable setpoint for 1/2-RIC-5415 -

(@)  Wheénever the adjustable setpoint is calculated, the specific values
chosen for each’of the variables shall be documented in accordance
with approved CHEMISTRY SECTION procedures (e.g., CP-604).

’(4) Changing fhe adjustéble setpoint for 1/2-RIC-5415

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

(b) If the adjuétéble set'poirit 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.

(©)  CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculatlng and approving an
- adjustable setpomt

(d) Whenever this monitor is satisfying the minimum channels operable
requirement (per Control 3.3.3.9 ) the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
each release of a WGDT, a containment vent, or a containment purge
via the main vent.

k)  Alert setpoint for 1-RIC-5415
(1) General information
(a) The alert setpoint is applicable to containment purges only.

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

(c) The alert setpoint is based on the specific activities of the
" radionuclides present in the containment building. (The radionuclide
concentrations are determined by radiochemical analysis in
‘accordance with applicable CHEMISTRY SECTION procedures as
required by . Control 4, 11 2. 1 2). :

C(d) Whenever the alert setpomt is exceeded the PURGE via the main
" vent may continue,
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(e) The alert setpoint corresponds to a level of activity which indicates
additional source term(s) may be present, and as a result, additional
notifications and/or actions are required to identify the source and to
accurately account for the activity discharged.

f ‘The value for the alert setpoint is recorded on the gaseous release
permit in accordance with applicable CHEMISTRY SECTION
procedures.

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

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

() When this monitor is satisfying the minimum channels operable
requirement (per Control 3.3.3.9), 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) The alert setpoint is based on the specific activity of the radionuclides
in the undiluted gaseous waste (as determined by radiochemical

analysis per Control 4.11.2.1.2), and the setpoint is calculated as
shown below,

ALERT SETPOINT FOR 1/2-RIC-5415

St S (1.50) (Fax ) (') {[(Fu/Fax) Z(Au) (&) 1+Bkg} Eq.29G'

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

1.50

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

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

Equation 29G has been derived 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 limits.
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" The use of the safety factor is consistent with ALARA philosophy that licensees should make

every reasonable effort to maintain radiation exposures, and releases of radioactive materials in
effluents to UNRESTRICTED AREAS, as low as is reasonably achievable.

The use of a "safety margin" is in accordance with the provisions of NUREG-0133 which states
that "... the alarm and trip setpoints ... should correspond to a value(s) which represents a safe
margln of assurance that the rnstantaneous gaseous release limit of Control 3.11.2.1(a) will not
be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations in the nominal plant vent stack flow rates,
errors in monitor efficiencies, and other statistical aberratrons from adversely impacting the
calculated alert setpoint.

maximum undiluted radwaste flow rate (cubic meters per second)

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

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

'~ Since the ma'm vent stack ﬂoi/v. rate will vary dependmg’ on the reactor unit, the configuration of

air dampers, and the input gas streams nomlnal main vent stack ﬂow rate is used to calculate
the alert setpoint. L : :

Use the nominal main vent stack flow rate, for the appropriate unit, listed on Attachment 7.

The main vent stack flow rate shall be determmed in accordance with approved procedures, at
least once per 6 months (+ 25%). The Test and Equipment Unit shall be responsible for
performing this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maximum discharge flow rates listed on Attachment 7.

specific activity of radlonucllde I,in the contalnment buﬂdlng (mlcrocunes per cubic centimeter)

absolute detector efficiency for nuchde i (mrcrocurres Xe-1 33 equrvalent per microcuries nuclide

i)

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

an approxrmatron of the detector background (mlcrocunes per CUbIC centimeter)

a conversron constant (1E6 cublc centlmeters per cublc meter)

(3) . Documenting the alert setpoint for 1/2-RIC-5415

(a) Whenever the alert setpoint is calculated, the specific values chosen
for each of the variables shall be documented in accordance with
approved CHEMISTRY SECTION procedures (e.g., CP-604).
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(4) Changing the alert setpoint for 1/2-RIC-5415

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

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

(c) CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and approving an
alert setpoint.

(d) Whenever this monitor is satisfying the minimum channels operable
requirement (per Control 3.3.3.9) the calculated value for the alert
setpoint shall be entered into the plant computer prior to each
containment purge via the main 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) Monitors equivalent to 2-RE-5416
(1N 2-RE-5415 [the "Westinghouse Plant Vent Stack Monitor"] has the capability
of providing the measurement and alarm functions of 2-RE-5416 during times
when 2-RE-5416 is declared inoperable

(2) 2-RE-5415 provides redundant monitoring [for 2-RE-5416] at the low end of
- the concentration ranges (UFSAR 11.2.3.2.12)

Westinghouse Plant Vent Stack Monitor (1-RE-5415)
a) The Westinghouse Plant Vent Stack Monitor contains 2 radiation elements
(1) 1-RE-5414
(a) particulate detector
(b) off-line scintillation detector
(c) analog output
(d) supplies signals to radiation indicator 1/2-RI-5414
(e) values displayed by 1/2-RI-5414 are in units of counts per minute
(f) the detector manufacturer is Westinghouse
(2) 1-RE-5415

(a) noble gas detector
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. (c) -
(d)
()
)

o (b)- - off-line GM Tube -~

analog output
supplres S|gnals to radratlon mdrcator 1/2-RI-5415
values drsplayed by 1/2 RI- 5415 are in units ‘of counts per minute

the detector manufacturer is Westmghouse

.b)  Functions of 1-RE-5414

(1) The functions of 1-RE-5414 are'rrtentione'd here only as a basis for excluding
this radiation element from the setpoint controls of Control 3.3.3.9.

(2) This monltor (the partlculate momtor) was retired in place.

©) Functions of 1 RE-5415' *

(1) continuously meaeure the actn'/'lt‘yp(cpm)et noble gases emanating from the
- Unit 1 main vent stack (Control 4.11.2.1.2, Table 4.11-2)

) (2) fcontmuously lndrcate (vra 1-RI- 5415) the actrvrty (cpm) of noble gases
- emanating from the Unlt 1 main vent stack (Control 4.11.2.1.2, Table 4.11-2)

(3) alarm (via 1- Rl 541 5) pnor to exceedtng the site-boundary, noble-gas, total-
body-dose-rate limit of 500 mr/yr (per Control 3.11.2.1.a)

(4)  alarm (via 1-RIC-5415) prior to exceeding the site-boundary, noble-gas, skin-
- dose-rate limit of 3000 mr/yr (per Control 3.11.2.1.a)

- This (radlatlon element) momtors noble gases Other radlatlon elements monitor particulates in this waste -

stream.
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d)
e)
f)

OPERABILITY of 1-RE-5415

(1)

(2)

This monitor shall be operable (or have OPERABILITY) when it is capable of

_ performing its specified function(s).

The functions of 1-RE-5415 are listed in section (c) above.

Monitors equivalent to 1-RE-5415

(1)

(2)

®3)

(4)

The Wide Range Gas Monitor (i.e., 1-RE-5416) has the capability of providing
the measurement and alarm functions of 1-RE-5415 during times when 1-RE-
5415 is declared inoperable.

1-RE-5415 provides redundant monitoring [for 1-RE-5416] at the low end of
the concentration ranges (UFSAR 11.2.3.2.12).

In the event 1-RE-5415 is inoperable or otherwise unavailable,
1-RE-5416 may fulfill the measuring, indicating, and alarming functions
normally provided by 1-RE-5415.

The absence of a radiation element dedicated to measuring the particulate
activity in the Wide Range Gas Monitor does not preclude the use of 1-RE-
5416 as a backup for 1-RE-5415. This is mentioned only as a basis for
excluding 1/2-RE-5414 from the setpoint controls of Control 3.3.3.9 (see
"Functions of 1-RE-5414" earlier in this section).

Radiological effluent controls for 1-RE-5415

(1)

Control 3.3.3.9 states that releases via the plant vent stack may continue if
any one of the following three conditions are satisfied

(a) 1-RE-5415 is operable AND the alarm setpoint for 1-RI-5415 is set to
ensure the annual dose rates due to noble gases at the SITE
BOUNDARY are less than 500 mr/yr to the total body and are less
than 3000 mr/yr to the skin (per Control 3.11.2.1.a), or

(b) an "equivalent monitor” (see section (e) above) is operable AND the
alarm setpoint for the "equivalent monitor” is set to ensure annual
dose rates due to noble gases at the SITE BOUNDARY are less than
500 mr/yr to the total body and are less than 3000 mr/yr to the skin
(per Control 3.11.2.1.a), or

(c) grab samples are obtained and analyzed for gross activity at least
once per 24 hours in accordance with Controls 3.11.2.1.a, 4.11.2.1.1,
and 4.11.2.1.2 (per Control 4.3.3.9, Table 3.3-12, ACTION 37).
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g)

h)

2)

Control 3.11.2.1.b (i.e., dose rates due to iodines and particulates at the SITE
BOUNDARY) is not apphcable 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 a radiological effluent control in this
section of the ODCM.

Surveillances for 1-RE-5415

(1)

Control 4.3.3.9 requires damonStfating'ihe OPERABILITY of 1-RE-5415 by
satisfying the checks, calibrations, and tests listed below:

(a) CHANNEL CHECK within the past 24 hours

(b) SOURCE CHECK within the past 31 days

(c) CHANNEL CALIBRATION within the past 18 months

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

Setpoints for 1-RI-5415

(1)

()

()

Requirements and commitments

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

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

There are foﬁr a'iafhs associated with, or otherwise related to,
1-RE-5415.

(a) 1-RI- 5415 fi xed hlgh radiation alarm setpomt N
(b) 1-RI- 5415 adjustable plant computer high radlatlon alarm setpomt
(c) 1-RI-5415_ low radiation alarm setpoint

(d)  -1-RI-5415 adjustable plant computer alert setpoint.

In order to simplify thé éetpalht teﬁﬁlhalogy.’ eilmlnate'amb|§u1ty, and
minimize the possibility of misinterpretation, the ODCM will refer to these

‘_setpomts as follows o

(@) .. The 1-RI-5415 fixed hlgh radiation alarm setpomt will be referred to as
' the fixed setpomt

(b) The 1-RI-5415 adjustable plant computer hlgh radiation alarm setpoint
Cwill be referred to as the adjustable setpomt .

()  The 1-RI-5415 low radiation alarm setpomt will be referred to as the
low setpoint.
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~(d) The 1-RI-5415 adjustab'le plant computer alert setpoint will be referred
to as the alert setpoint.

4) Each of these alarm setpoints are described below.
i) The fixed setpoint for 1-RI-5415
(1) Ge.neral. information
(a) The fixed setpoint is not adjusted for each release.
(b) Whenever the fixed setpoint is exceeded, an alarm will be generated.

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

(d) The CCNPP Alarm Manual refers to this setpoint as the 1-R1-5415
High Alarm Setpoint.

(e) The fixed setpoint is integral to the Main Vent (Westinghouse) RMS
as purchased from the supplier.

(f) The fixed setpoint is administratively controlled by EN-1-100.
(9) The fixed setpoint shall be calculated as described below'.
(2) Calculating the fixed setpoint for 1-RI-5415

(a) The fixed setpoint for 1-R1-5415 (plant vent stack monitor) shall be
calculated in accordance with equation 4G.

THE FIXED SETPOINT FOR 1-RI-5415

Sme S {Ku/[(XQ)(Fa+Fa) 1} Z[ (&) (Awn)] Eq. 4G*
Sgx = thefixed setpoint for 1-RI1-5415 (counts per minute)
Kt = a constant, actually a safety factor, which is the ratio of the CCNPP activity limit to the MPC

limit, Lypc, used in equation 2G (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the fixed setpoint is
always less than or equal to the MPC limit, Lypc, used in equation 2G.

A safety factor of 1.00 will yield a fixed setpoint which corresponds to the MPC limit, Lype, in
equation 2G.

The alarm and trip setpoints ... shall be determined and adjusted in accordance with the methodology and
parameters of the ODCM. (Control 3.3.3.9).
Equation 4G has been derived from NUREG-0133, 5.2.1, (the 500 mr/yr equation).
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x/Q

A safety factor of 0.500 will yield a fixed setpornt which corresponds to one-half the MPC limit,

Lupe, in equation 2G.

- ltis recommended that a 'safety factor of 1.0 beAused'for‘calculatlng'the fixed setpomt however,

other values--not to exceed 1.00--may be used as directed by the General Supervrsor
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 posslblllty of violating either the 10 CFR
50.72 limit or the Control 3.3. 3 9 limits. ,

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

The use of a "safety margin” is in accordance with the provisions of NUREG-0133, section
5.1.1, which states that "... the alarm and trip setpoints ... should correspond to a value(s) which
represents a safe margin of assurance that the instantaneous gaseous release limit of Control
3.11.2.1(a) will not be exceeded."

This safety margln will 'prev:entmlnor lluctuatlons ln the nominal plant vent stack flow rates,

. errors in detector efficiencies, and other statistical aberrations from adversely impacting the

calculated fixed setpoint. . L

= the highest calculated annual average relative ooncentration for any area at or beyond the

UNRESTRICTED AREA boundary (2 ZE-S seconds per cubic meter)

Unit 1 and Un|t 2 main vent releases are con5|dered "long -term"” releases , and as such, the
highest historical annual average dlsperswn factor, (x/Q), is used in the setpomt calculations.

The highest annual average dlsperswn 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 concentratlons occur in the southeast sector ata-

. distance of 1300 meters for purposes of routine, long-term concentratlons (e.g., routine noble

gas releases) (UFSAR, 2.3.6.3)..

1

NUREG-0133, 3.3 R
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AiLn '

the estimated main vent stack flow rate for Unit 1 (cubic meters per second)

Since the main vent stack flow rate will vary depending on the configuration of air dampers and
the input gas streams, nominal main vent stack flow rate is used to calculate the fixed setpoint.

Use the nominal Unit 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 (+25%). The Test and Equipment Unit shall be responsible for
performing this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is'greater than the maximum discharge flow rates listed on Attachment 7.

the estimated main vent stack flow rate for unit 2 (cubic meters per second)

Since the main vent stack flow rate will vary depending on the configuration of air dampers and
the input gas streams, nominal main vent stack flow rate is used to calculate the fixed setpoint.

Use the nominal Unit 2 main vent stack flow rate listed on Attachment 7.

The main vent stack flow rate shall be determined, in accordance with approved procedures, at
least once per 6 months (+ 25%). The Test and Equipment Unit shall be responsible for
performing this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maximum discharge flow rates listed on Attachment 7.

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

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

the specific activities of radionuclide, i, found in TYPICAL GASEOUS RADWASTE RELEASES
(calculated in accordance with 10 CFR 20, Appendix B, Table |, Note 1 as described below;
microcuries per milliliter)

Calculate A, , in accordance with equation 5G.
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* SPECIFIC ACTIVITY LIMIT FOR NUCLIDE I IN A RADIONUCLIDE MIXTURE

Ain

() (Amn) Eq.5G

f; = 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 obtalned using the gundance provuded on Attachment 5.

Ar, = thesum of the total specific activities of all noble gas radionuclides found in TYPICAL
GASEOUS RADWASTE RELEASES (microcuries/cm3)

Calculate Ay, in accordance with equation 2G. -

SPECIFIC ACTIVITY CORRESPONDING TO THE SITE BOUNDARY LIMIT

SR (Awn) 1AL S Lwec . - | Eq. 2G'

Lypc = the MPC limit 4
The value chosen for Lypc in this equation is 2. The basis for this limit is 10 CFR 50.72.

It has been shown? that, for the radionuclides present in TYPICAL GASEOUS EFFLUENTS
from CCNPP, the 2 MPC limit is more restrlctlve than the limits of Control 3.3.3.9.

It should be noted that by using "2" as the MPC limit (10 CFR 50.72), instead of using the limits
of Control 3.11.2. 1(a) a safety factor has been incorporated into equation 2G.

The use of 2 MPCs as a safety margln is consnstent with the provisions of NUREG-0133,
section 5.1.1, which states that, "... in all cases, conservative assumptions may be necessary in
establishing these setpoints to account for system variables, ... the vanablhty in release flow, ...
and the time lag between alarm and final lsolatlon of radloactlve effluents.”

An alarm setpomt correspondmg to 2 MPCs serves to initiate a determination of whether the "4-
hour NRC notlf cation” (specnf ied i in 10 CFR 50.72) is requ:red

The use of a llmmng specnf c actlwty equuvalent to 2 MPCs is consistent with the provisions of 10
CFR 20. _ .

A the specific activity limit for radlonuchde, I, as obtalned from 10 CFR 20, Appendix B, Table I,
Column 1 (microcuries/cm?3)

For all the radionuclides found in TYPICAL RADWASTE EFFLUENTS, use the value from 10
CFR 20, Appendix B, Table I, Column 1. An acceptable alternative is to assume an isotopic
mix which results in a more conservative setpoint.

! Equation 2G has been derived from 10 CFR 20, Appendlx B, Table II Note 1.. .
2 Addendum To Setpoint Calculations For WRGM Monitors 1-RIC-5415 and 2-R|C-5415 R.L. Conatser,
December 10, 1991.
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@)

(4)

The low setpoint for 1-RI-5415

(a)

(b)
()

The ODCM does not address the calculations associated with the low
setpoint.

The low setpoint is specified in the CCNPP Alarm Manual.

The low setpoint may be used to determine OPERABILITY of this
monitor (in accordance with the provisions of Control 4.3.3.9, Table
4.3-11, Note 2).

Adjusting the fixed setpoint for 1-RI-5415

(a)

(b)

()

(d)

If the fixed setpoint calculated in accordance with equation 4G
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 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 4G have changed.

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

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

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

iii) the MPC limit at the SITE BOUNDARY, (presently 2 MPCs)
has changed,

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

v) the values listed in 10 CFR 20, Table !l, column 1 have
changed,

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

As determined in accordance with Attachment 5.
As determined by analysis of the TE-001, STP-M-461-1, STP-M-461-2, and ETP-87-16 test results.

£00Z120
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j)) Adjustable setpoint for 1/2-RI-5415

vii)-  the monitor is not conservative in its function (see section =
. "Functions of 1/2-RE-5415" earlier in this section).

EN-1-100 ‘con'tains the administrative controls associated with
changing and approving the fixed setpoint.

(1) General information

(a)
(b)
(c)

(d)

()

M

(9

h)

®

Whenever thls momtor is satlsfymg the minimum channels operable
requirement (per Control 3.3.3. 8), 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 containment building,

whichever is applicable. (The radionuclide concentrations are
determined by radiochemical analysis in accordance with applicable
CHEMISTRY SECTION procedures as required by

Control 4.11.2.1.2).

Whenever the adjustable setpornt is exceeded, the WGDT, PURGE,
or vent discharge via the main vent will be manually suspended.

Refer to the Alarm Manual for a full list of 'operator ACTIONS taken in
response to this alarm. - ‘

The adjustable setpornt corresponds to the maximum concentratlon of

radionuclides anticipated or expected when dlscharglng aWGDT, a
containment vent, or a containment purge via the main vent. For
containment purge’s during outages, system evolutions may cause
containment atmosphere activity to increase above what is normally
expected for short periods of time.

" The value for the adjustable setpomt is recorded on tne gaseous

release permit in accordance with apphcable CHEMISTRY SECTION
procedures. - ,

This alarm i lS not rntegral to the mam vent radiation monltor as
purchased from the supplier.

" This alarm is generated by the pian{ computer:whlch' monitors output

from 1/2-RI-5415, and provides an alarm to plant operators when the
1/2-RI-5415 adjustable setpoint has been exceeded. .

When this monitor is satlsfymg the minimum channels operable
requirement (per Control 3.3.3.9), a value for the adjustable setpoint

- shall be ¢alculated prior to each release of a WGDT, each

containment vent, and each containment purge as shown below.

- (2) - Calculatlng the adjustable setpomt for 1/2-RI-5415
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(@) The adjustable alarm setpoint is based on the specific activity of the
radionuclides in the undiluted gaseous waste (as determined by
radiochemical analysis per Control 4.11.2.1.2), and the alarm setpoint
is calculated as shown below.

ADJUSTABLE SETPOINT FOR 1/2-RI-5415

Swi S (Ku)(FulFax) [Z(Au) (&) + Bkg] Eq. 276

Sadj

Fy

the adjustable setpoint for 1/2-RI-5415 (cpm)

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

This safety factor helps ensure the release is not unnecessarily terminated due to (1) electronic
anomalies which cause spurious monitor responses, (2) statistical fluctuations in disintegration
rates, (3) statistical fluctuations in detector efficiencies, 54) errors associated with sample
analysis, (5) errors associated with monitor 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 adjustable setpoint. However, other values for purge releases - not to exceed
10 -- may be used as directed by the General Supervisor Chemistry. A safety factor of 1.5 shall
be used for all other gaseous releases.

The particular value selected for the safety factor is somewhat arbitrary, however a value less
than or equal to 10 does provide plant personnel with adequate time to respond to changing
plant conditions and to initiate corrective ACTIONS so as to minimize the possibility of violating
either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

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

The use of a "safety margin” is in accordance with the provisions of NUREG-0133 which states
that "... the alarm and trip setpoints ... should correspond to a value(s) which represents a safe
margin of assurance that the instantaneous gaseous release limit of Control 3.11.2.1(a) will not
be exceeded.” (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations in the nominal plant vent stack flow rates,
errors in monitor efficiencies, and other statistical aberrations from adversely impacting the
calculated adjustable setpoint. Additionally for a special case of containment purges during
outages, the safety factor allows for short term variations in activity created as a result of system
evolutions in containment.

maximum undiluted radwaste flow rate (cubic meters per second)

Equation 27G has been derived 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 limits.
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Aig

Bkg

Values of maximum undlluted 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 decendlng' on the reactcr 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 rnain vent stack tl;c\:(l'/irate, for_the ‘a'ppropriate‘unit. listed on Attachment 7.

‘ The main vent stack flow rate shall'bedete'rmined, in accordance with approved procedures, at

least once per 6 months (+ 25%). The Test and Equipment Unit shall be responsible for
performlng this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maxrmum discharge flow rates listed on Attachment 7.

specific activity of radionuclide, i, in the undiluted waste stream, either the WGDT or
containment building as applicable (microcuries per milliliter)

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

The detector effi C|ency for each radlonucllde may be calculated from data collected during
calibration of the radiation monitor. .

.an approximation of the detector background (cpm)

(3) Documentmg the adjustable setpornt for 1/2-R1-5415

' (a) Whenever the adjustable setpornt is calculated the specrf ic values
chosen for each of the variables shall be documented in accordance
with approved CHEMISTRY SECTION procedures (e.g., CP-604).

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

(@) . Inall cases, the adjustable alarm setpoint shall be set to a value
: which'is less than or equal to the fixed setpoint.

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

operatlng range of the monltor

b , (c) , ,CHEMISTRY SECTION procedures (e.g., CP-604) contain
- . administrative controls associated with calculatmg and approving an
adjustable setpoint..

(d) Whenever this monitor is satisfying the minimum channels operable
requirement (per Control 3.3.3.9 ) the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
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each release of a WGDT, a containment vent, or a containment purge
via the main vent.

k) Alert setpoint for 1/2-RI-5415

1) General information

(a)
(b)

(c)

(d

(e)

()

(9)

(h)

(i)

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 containment purge discharged via the main
vent, .

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

Whenever the alert setpoint is exceeded, the PURGE via the main
vent may continue.

The alert setpoint corresponds to a level of activity which indicates
additional source term(s) may be present, and as a result, additional
notifications and/or actions are required to identify the source and to
accurately account for the activity discharged.

The value for the alert setpoint 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 supplier.

This alarm is generated by the plant computer which monitors output
from 1/2-RI-5415, and provides an alarm to plant operators when the
1/2-R1-5415 alert setpoint has been exceeded.

When this monitor is satisfying the minimum channels operable
requirement (per Control 3.3.3.9), a value for the alert setpoint shall
be calculated prior to each containment purge as shown below.

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

(a)

The alert setpoint is based on the specific activity of the radionuclides
in the undiluted gaseous waste (as determined by radiochemical
analysis per Control 4.11.2.1.2), and the setpoint is calculated as
shown below.

ALERT SETPOINT FOR 1/2-RI-5415
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Sun < 150(FIFd,)[):(A.u)(el)-PBkg] 7 Eq.216"

EEE

S.uen = thealert setpoint for 1/2-RI-5415 (cpm)

1.50 = aconstant, actually a safety factor Wthh allows for ﬂuctuatuon in radlatlon monltor response
‘ .(umtless) '
This safety factor helps ensure the release is not unnecessanly termlnated due to (1) electronic
anomalies which cause spurlous monitor responses, (2) statistical fluctuations in disintegration
rates, (3) statistical fluctuations in detector efficiencies, (4) errors assocnated with sample
analysis, and (5) errors ‘associated with monitor calibrations.?
; Equation 27G has been derived from NUREG-0133, Addendum, page AA-1.

The "analysis errors” and cahbratlon errors refer to errors whlch are wrthm estabhshed quahty assurance
and quality control limits.
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A

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

The use of a "safety margin" is in accordance with the provisions of NUREG-0133 which states
that "... the alarm and trip setpoints ... should correspond to a value(s) which represents a safe
margin of assurance that the instantaneous gaseous release limit of Control 3.11.2.1(a) will not
be exceeded." (per NUREG-0133, 5.1.1).

This safety margin will prevent minor fluctuations in thé nominal plant vent stack flow rates,
errors in monitor efficiencies, and other statistical aberrations from adversely impacting the
calculated alert setpoint.

= maximum undiluted radwaste flow rate (cubic meters per second)

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

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

Since the main vent stack flow rate will vary depending on the reactor unit, the configuration of
air dampers, and the input gas streams, nominal main vent stack flow rate is used to calculate
the alert setpoint.

Use the nominal main vent stack flow rate, for the appropriate unit, listed on Attachment 7.

The main vent stack flow rate shall be determined, in accordance with approved procedures, at
least once per 6 months (+ 25%). The Test and Equipment Unit shall be responsible for
performing this test. The results of the main vent flow rate test shall be evaluated to ensure the
main vent flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates. The RETS Program Manager is responsible for modifying the (main vent flow rates used
in the) ODCM in the event the main vent flow rate for either Unit 1 or Unit 2 has increased to a
value which is greater than the maximum discharge flow rates listed on Attachment 7.

= specific activity of radionuclide, i, in the containment building (microcuries per milliliter)
= absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

= an approximation of the detector background (cpm)
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©(3) Documenting the alert setpoint for 1/2-RI-5415

(a) Whenever the alert setpoint is calculated, the specific values chosen
_for each of the variables shall be documented in accordance with
approved CHEMISTRY SECTION procedures (e.g., CP-604).

(4) Changing the alert _setpoint for 1/2-RI-5415

(@ Inall cases the alert setpomt shall be settoa value which is less
than or equal to the fi xed setpoint. .

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

(c) ‘CHEMISTRY SECTION procedures (e.g., CP-604) contain
administrative controls associated with calculating and approving an
alert setpornt

(d) Whenever thrs monrtor is satlsfylng the mrmmum channels operable
. requirement ( per Control 3.3.3.9 ) the calculated value for the alert
setpoint shall be entered into the plant computer prior to each
« containment purge via the main vent.
1) The low setpoint for 1/2-RI-5415 Vo

(1) This alarm is integral to the main vent monitor, as purchased from the
supplier.

(2) The current value for the low alarm setpornt is specrt’ edin the CCNPP Alarm
.- . Manual. : :

(3)  The low setpoint rnay 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 setpornt may be used to terminate a release
in the event 1/2-RI-5415 fails (i.e., downscale failure or circuit failure) in
accordance with Control 4 3.3.9.
(5) The low setpornt calculatlons are not descrlbed in the ODCM.
(6) ,Changes to the Iow setpornt are controlled by EN-1. 100
4, Westinghouse Plant Vent Stack Monitor (2-RE-5415) ;+ .- - *

a) - Allinformation related to 1-RE-5415 is appllcable 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 capability of providing the measurement
and alarm functions of 2-RE-5415 during times when 2-RE-5415 is declared
inoperable.

2-RE-5415 provides redundant monitoring [for 2-RE-5416] at the low end of
the concentration ranges (UFSAR 11.2.3.2.12).

5. Gaseous Radwaste Processing System Radiation Monitor (0-RE-2191)

a)

b)

d)

General description

(1

@)
@)
(4)
(5)
(6)
(7)

The GASEOUS RADWASTE PROCESSING SYSTEM Radiation Monitor
(Waste Gas Decay Tank Radiation Monitor) contains 1 radiation element.

Itis a noble gas detector.

The detector is an in-line GM tube (UFSAR, Table 11-10).
The radiation element is designated 0-RE-2191.

The radiation indicators designated 0-RI-2191.

The units for the radiation indicator are counts per minute.

The monitor was manufactured by Westinghouse.

Functions of 0-RE-2191

(1)

()

()

)

continuously measure the release rate of noble gases emanating from the
waste gas decay tank discharge header (Control 4.11.2.1.2, Table 4.11-2)

continuously indicate (via 0-R1-2191) the activity (cpm) of noble gases
emanating from the waste gas decay tank discharge header (Control 3.3.3.9
OPERABILITY requirement)

alarm (via 1-RI-2191) prior to exceeding the site-boundary, noble-gas, total-
body-dose-rate limit of 500 mr/yr (per Control 3.11.2.1.a)

alarm (via 1-RI-2191) prior to exceeding the site-boundary, noble-gas, skin-
dose-rate limit of 3000 mr/yr (per Control 3.11.2.1.a)

OPERABILITY of 0-RE-2191

(1)

(2)

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

For more information on the function(s) of this monitor, see "Functions of 0-
RE-2191" elsewhere in this section of the ODCM.

Monitors equivalent to 0-RE-2191
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(3)
- .(4)
()

(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, Control 3.3.3.9 defines the plant vent stack monitor as a
"BACKUP MONITOR."

| 0-RE-2191 is designated the PRIMARY MONITOR for measuring noble gas

activity released via the GASEOUS RADWASTE PROCESSING SYSTEM.

i-RE-5415 (or 1-RE-5416) is designated the BACKUP MONITOR if the
WGDT is discharged via the Unit 1 main vent.

2-RE-5415 (or 2- -RE-5416) is desugnated the BACKUP MONITOR if the
WGDT is dlscharged via the Unit 2 main vent.

WGDTs may be dlscharged through elther the Unit 1 or Unit 2 main vent
stack. ,

The BACKUP MONITOR has the capability of ensuring the noble gas activity
released from the GASEOUS RADWASTE PROCESSING SYSTEM--to the
plant vent stack—-does not exceed Control 3.11.2.1(a) at the SITE

‘BOUNDARY (Control 3. 3 3. 9)

In the event PRIMARY MONITOR (0 RE-2191) is inoperable or otherwise
unavailable, the designated BACKUP MONITOR (elther 1-RE-5415, 1-RE-
5416, 2- RE-5415 or 2-RE-5416) may fulfill the measuring, indicating, and
alarming functlons normally provided by the PRIMARY MONITOR as long as
plant operators record the BACKUP MONITOR readings every 15 minutes
(Contro! 3.3.3.9, Table 3.3-12, ACTION 35a).

. Radiological effluent controls for 0-RE-2191

(1)

Control 3.3.3.9 states that releases via the GASEOUS RADWASTE
PROCESSING SYSTEM may contmue if ANY ONE of the following three
conditions are satusf ed '

(a) 0-RE-2191 is operable AND the alarm setpoint for 0-RI-2191 is set to
ensure the annual dose rates due to noble gases at the SITE
BOUNDARY are less than 500 mr/yr to the total body and are less

" than 3000 mr/yr to the skin'(per Control 3.11.2.1.a), or

(b) 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 setpoint for the "BACKUP

MONITOR" is set to ensure the annual dose rates due to noble gases

at the SITE BOUNDARY are less than 500 mr/yr to the total body and
| “areless than 3000 mrlyr to the skin'(per Control 3.11.2.1.a), or

(c) . Alithree actlvmes described below are completed prior to the release:

) ‘at least two |ndependent samples of the waste gas decay
tank's contents are analyzed, and

ii) ~ atleast two technically qualified mémbers of the Facility Staff
independently verify the release rate calculations, and
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f)

g)

iii) 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 tests listed below

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

CHANNEL CHECK prior to eaéh release

SOURCE CHECK prior to each release

CHANNEL CALIBRATION within the past 18 months
CHANNEL FUNCTIONAL TEST within the past 6 six months

Setpoints for 0-RI-2191

(1) Requirements and commitments

(a)

(b)

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

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

(2) There are three radiation alarm setpoints associated with, or otherwise
related to, 0-RE-2191.

(a)

(b)

()

0-RE-2191 fixed high radiation alarm and automatic termination
setpoint

0-RE-2191 adjustable plant computer high radiation alarm and
manual termination setpoint

0-RE-2191 low radiation alarm setpoint

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

(a)

(b)

()

The 0-RE-2191 fixed high radiation alarm and automatic termination
setpoint will be referred to as the fixed setpoint.

The 0-RE-2191 adjustable plant computer high radiation alarm and
manual termination setpoint will be referred to as the adjustable
setpoint.

The 0-RE-2191 low radiation alarm setpoint will be referred to as the
low setpoint.

4) Each of these alarm setpoints are described below.
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h) - -Fixed setpoint for 0-RI-2191 -

(1) General information

(@)

(b)
()

(d)

(e) .

(f)

(@)

()

(i)

1

The alarm and trip setpoints ..

The fixed setpoint is not adjusted for each release.
The fixed setpoint is an alarm and termination setpoint. .

Whenever the fixed setpoint is exceeded, an alarm will be generated,
and the WGDT release will be automatically suspended.

The fixed setpoint corresponds to the maximum concentration of
radionuclides allowed (by equation 6G) in gaseous waste discharged
from the gaseous radwaste processing system.

The current value for the fixed setpomt is spec:f ed in the CCNPP
Alarm Manual.

“ The CCNPP Alarm Manual refers to this setpoint as the 0-RI-2191
High Radlatlon Alarm Setpomt

The fixed setpomt is mtegral to the waste gas dlscharge monitor, as
purchased from 1he suppher

The fixed setpomt is admlmstratnvely controlled by EN- 1 -100.

The fixed setpomt shall be calculated as descnbed below'.

.‘ shall be deterfnined and adjusted in accordance with the methodology and

parameters of the ODCM. (Control 3.3.3.9).
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(2) Calculating the fixed setpoint for 0-RI-2191

(a) The fixed setpoint for 0-RI-2191 (waste gas discharge monitor) shall
be calculated as described below:

FIXED SETPOINT FOR 0-RI-2191

Sme S K {{1/[(¥Q)(F.)]1}Z[(e)(Aw)]+Bkg} Eq.6G'

Where,
st

a constant, actually a safety factor, which is the ratio of the CCNPP activity limit 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 ensures the fixed setpoint is
always less than or equal to the MPC limit, Lyp¢, used in equation 2G.

A safety factor of 1.00 is used for calculating the fixed setpoint.
By setting the safety factor to 1, the safety factor is disabled.

Although it may appear that if this safety factor is set to 1.0, no safety margin exists, in actuality,
another margin of safety has been incorporated into equation 2G (see definition of Lypc).

A safety factor of 1.00 will yield a fixed setpoint which corresponds to the MPC limit, Lypc, 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 does provide plant personnel with adequate time to respond to changing
plant conditions and to initiate corrective ACTIONS so as to minimize the possibility of violating
either the 10 CFR 50.72 limit or the Control 3.3.3.9 limits.

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

The use of a "safety margin” is in accordance with the provisions of NUREG-0133 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 WGDT discharge flow rates,
errors in detector efficiencies, and other statistical aberrations from adversely impacting the
calculated fixed setpoint.

Equation 6G has been derived from NUREG-0133, 5.2.1, (the 500 mr/yr equation).
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" ‘the fixed setpoint for 0-R1-2191 (cpm) . - . - -~ - - I

the highest calculated historical annual average relative concentration for any area at or beyond
the UNRESTRICTED AREA boundary (2 2E-6 seconds per cubic meter)

A waste gas decay tank release via the Umt 1 or Un|t 2 main vent is consudered a "long term
release’, and as such, the highest historical annual average dispersion factor, (x/Q), is used in
the setpomt calculations.

The hlghest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6. 3) for purposes of

. routine, long-term concentrations (e.g., routine noble gas releases)

The maximum annual average on-shore concentrations occur in the southeast sector ata

_distance of 1300 meters for purposes of routine, long-term concentratlons (e. g routine noble

gas releases) (UFSAR, 2.3.6.3).

the estimated maximum flow rate of undiluted gases through the waste gas discharge header
(cubic meters per second) : ,

Since WGDT pressure is the motive force for dlscharge ofa WGDT the waste gas flow rate will
continually decrease as the release progresses (i.e., as tank pressure is decreased).

. Use the estimated maximum WGDT dlscharge ﬂow rate, listed on Attachment 7, to calculate the

fixed setpoint. '
absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

"the specific activities of radionuclide, i, found in TYPICAL GASEOUS RADWASTE RELEASES

(calculated in accordance with 10 CFR 20, Appendlx B, Table Il, Note 1 as described below;

_ microcuries per milliliter) .

Calculate Ay, in accordance with equation 5Gr.‘

. SPECIFIC ACTIVITY LIMIT FOR NUCLIDE | INA RADIONUCLIlDE'MIXTURE

‘.Aan = (fl)(A'an) A : Eq.5G

" a fractlon whrch represents the relatlve actlwty contnbutlon of noble gas radionuclide i to the

total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)
This value may be obtained using the guidance provided on Attachment 5.

the sum of the total specific activities of all noble gas radionuclides found in TYPICAL

‘GASEOUS RADWASTE RELEASES (microcuries/cm3).

Calculate A, in acéordanee with equation'2G.-

NUREG-0133, 3.3
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SPECIFIC ACTIVITY OF NOBLE GASES AT THE SITE BOUNDARY

ZL(f)(Ana) )/ A S Lwec Eq. 2G'

Where,
LMPC = the MPC limit

The value chosen for Lypc in this equation is 2. The basis for this limit is 10 CFR 50.72.

It has been shown? that, for the radionuclides present in TYPICAL GASEOUS EFFLUENTS
from CCNPP, the 2 MPC limit is more restrictive than the limits of Control 3.3.3.9.

It should be noted that by using "2" as the MPC limit (10 CFR 50.72), instead of using the limits
of Control 3.11.2.1(a), a safety factor has been incorporated into equation 2G.

The use of 2 MPCs as a safety margin is consistent with the provisions of NUREG-0133,
section 5.1.1, which states that, "... in all cases, conservative assumptions may be necessary in
establishing these setpoints to account for system variables, ... the variability in release flow, ...
and the time lag between alarm and final isolation of radioactive effluents.”" (NUREG-0133,
5.1.1)

An alarm setpoint corresponding to 2 MPCs serves to initiate a determination of whether the "4-
hour NRC notification” (specified in 10 CFR 50.72) is required.

Ay, = the specific activity limit for radionuclide, i, as obtained from 10 CFR 20, Appendix B, Table Il,
Column 1 (microcuries/cm?3)

For all the radionuclides found in TYPICAL RADWASTE EFFLUENTS, use the value from 10
CFR 20, Appendix B, Table II, Column 1. An acceptable alternative is to ensure an isotopic mix
which results in a more conservative setpoint. .

Bkg = an approximation of the detector background prior to initiating the gaseous release (cpm)

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

(3) Documenting the fixed setpoint for 0-RI-2191
(a) Whenever the fixed setpoint is calculated, the specific values chosen
for each of the variables shall be documented in accordance with EN-
1-100.
(4) - Changing the fixed setpoint for 0-RI-2191

(a) If the fixed setpoint calculated in accordance with equation 6G
exceeds the maximum range of the monitor, the fixed setpoint shall be

Equation 2G has been derived from 10 CFR 20, Appendix B, Table Il, 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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- - o - adjusted to a value which falls within the normal operatin‘g‘ range of
the monitor.

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

(©) A setpoint change shotild be initiated whenever any of the parameters
ident_iﬁgd'_in eqq‘atipns 2G, 5G, or 6‘G:have changed.

.(d)“ The ﬁxéd's‘étpoint éth_ﬂd not be changed unless one of the following
. occurs:.”. ' ‘

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

ii‘) " the historical maximum annual average atmospheric
dispersion factor has changed,

i)  the MPC llilmit atthe 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).

(e) . EN-1-100 éontai_ﬁs the ,admih'istrati‘v'é controls associated with
changing and approving fixed setpoint.

" As determined in accordance with Atta_chment 5. ‘
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i) Adjustable setpoint for 0-RI-2191

(1)

(@)

General information

(a)

(b)

(c)

(d)

(e)

®

(9)

(h)

(0

Whenéver this radiation monitor is operable, 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 radionuclide concentrations
are determined by radiochemical analysis in accordance with
applicable CHEMISTRY SECTION procedures as required by Control
4.11.2.1.2).

Whenever the adjustable setpoint is exceeded, the WGDT discharge
will be manually suspended.

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

The adjustable setpoint corresponds to the maximum concentration of
radionuclides anticipated or expected when discharging a WGDT.

The value for the adjustable setpoint is recorded on the gaseous
release permit in accordance with applicable 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 computer 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 value for the adjustable setpoint
shall be calculated prior to each release of a WGDT as shown below.

Calculating the adjustable setpoint for 0-RI-2191

(a)

The adjustable setpoint is based on the specific activity of the
radionuclides in the undiluted gaseous waste (as determined by
radiochemical analysis per Control 4.11.2.1.2), and is calculated as
shown below.
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""ADJUSTABLE SETPOINT FOR 0-RI-2191

'S, S 150[Z{Au)(e) ¥ Bkgl Eq. 286"

Bkg

the adjustable setpoint for 0-Rl-2191 (cpm)

a constant actually a safety factor, WhICh allows for fluctuation in radiation monitor response
(unltless)

This safety factor helps ensure the release is not unnecessarily termi'nated due to (1) electronic
anomalies which cause spurrous monitor responses, (2) statistical fluctuations in disintegration

© rates, (3) statistical fluctuations in detector efficiencies, (4) errors associated with sample

analysis, and (5) errors associated with monitor calrbratrons

maximum allowed undiluted radwaste ﬂow rate (cublc meters per second)

The maximum allowed undiluted radwaste ﬂow rate for a WGDT is tabulated in Attachment 7.
specific activity of radionuclide, i, in the undiluted waste stream (microcuries per milliliter)
absolute detector efficiency for nuclide, i (cpm/microcuries per milliliter)

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

an approximation of the detector background (cpmg)

(3) Documentlng the adjustable setpornt for 0 RI-2191

(a) Whenever the adjustable setpoint is calculated the specific values
© chosen for each of the variables shall be documented in accordance
with approved CHEMISTRY SECTION procedures (e.g., CP-604).

4) Changing the adjustable setpoint for 0-RI-2191

(a) Inall cases, the adjustable setpoint shall be set to a value which is
less than or equal to the fi xed setpornt

(b) If the adjustable setpoint exceeds the maximum range of the monitor,
. the setpoint shall be adjusted to a value which falls wrthrn the normal
e 'operatrng range of the monrtor ‘

(c) CHEMISTRY SECTION procedures (e g., CP-604) contain
administrative controls associated with calculating and approving an
adjustable setpoint.

Lo

Equation 28G has been derived from NUREG-0133, Addendum, page AAL1,
The "analysis errors” and callbratron errors refer to errors whrch are wrthln established quality assurance
and quality control limits. :




7

”'&“ OFFSITE DOSE CALCULATION MANUAL Rev.
0'&.’;’ Page 152 0f319
Hav- .

)

(d) Whenever this monitor is operable, the calculated value for the
adjustable setpoint shall be entered into the plant computer prior to
each release of a WGDT via the main vent.

The low setpoint for 0-RI-2191

(1) This alarm is integral to the main vent monitor, as purchased from the
supplier. .

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

(3) The low setpoint may be used to determine the OPERABILITY of this monitor
(per Control 4.3.3.9, CHANNEL FUNCTIONAL TEST).

(4) The alarm generated by the low setpoint may be used to terminate a release
in the event 0-RI-2191 fails (i.e., downscale failure or circuit failure) in
accordance with Control 4.3.3.9.

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

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

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1.

Introduction

a) 10 CFR 20.1301 specifies dose rate limits associated with the release of radioactive
materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been established to implement the requirements
of 10 CFR 20.1301. The 10 CFR 50 Appendix |, Design Objectives for ALARA
Radioactive Effluents, upon which these calculations are based, are more restrictive
than the public dose limits of 10 CFR 20.1301.

c) These radiological effluent controls are described below.

Radiological Effluent Controls

a)

b)

The annual total body dose rate, due to noble gases in gaseous waste discharged to
UNRESTRICTED AREAS, shall be less than 500 mr/yr (per Control 3.11.2.1).

The routine surveillances which are performed to verify compliance with this
radiological effluent control is described below.

Surveillance Requirement

a)

b)

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).

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
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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 performlng the reqwred survelllances are
identified below. . ,
4, , Responsrble Plant Orgamzatlon(s)
a) The CHEMISTRY SECTION is respon5|ble for calculatlng the annual total body dose
rate due to noble gases in gaseous effluents.
'_b) The CCNPP CHEMlSTRY SECTION calculates the'annual total body dose rate
whenever the appropriate initiating conditions are present
c) -  These initiating conditions are contained in the following section.
5. Initiating Conditions S
a) The annual total body dose rate due to noble gases in gaseous efﬂuents is
- calculated for each release of a WGDT.
b) . The annual total body dose rate due to noble gases in gaseous effluents is
calculated for each vent of a contalnment building. *
c) The annual total body dose rate due to noble gases in gaseous effluents is
calculated for each PURGE Of a containment building.
. d) The annual total body dose rate due to noble gases in gaseous effluents is
" " calculated at least weekly' for CONTINUOUS dlscharges from plant vent stacks.
e) . The annual total body dose rate due to noble gases in gaseous effluents is
calculated for each discharge of combustlon products resulting from the burning of
contaminated oil.
f) The annual total body dose rate due to noble gases in gaseous effluents is
calculated for each ABNORMAL AND/OR UNANTICIPATED RADIOACTIVE GAS
RELEASE.
a) Whenever the correct initiating conditions are present, the annual total body dose

rates shall be calculated as described below.

6. Calculation Methodology

a)

The annual total body dose rate, at the SITE BOUNDARY, due to noble gases in
gaseous effluents released to UNRESTRICTED AREAS shall be calculated in
accordance with equation 7G.2

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN ALL GAS RELEASES

1

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, Table 4.11-2).

2

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

parameters of the ODCM. (Control 3.3.3.9).
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Do = 2 Dy Eq.7G
Dy = the site-boundary annual total body dose rate due to noble gases in all gaseous effluents
discharged (simultaneously) from the site (mrem/year)
Dy = the site-boundary annual total body dose rate due to noble gases in release, r (mrem/year)

Sum for all releases, r, which are discharged simultaneously.
An example of a SIMULTANEOUS RELEASE would include the release of noble gas

radionuclides from the Unit 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 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 Dy, (i.e., annual total body dose rate at
the SITE BOUNDARY due to noble gases contained in a gaseous radwaste release,
r, discharged from the site).

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

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

3) These methods, as well as additional supporting information, are presented
in the following sections.
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--¢)- - Rigorous method --

(1) Solution of the following equation may prove too rigorohs fof routine use
unless a computer system and appropriate software are available.

(2) If a computer system and the appropriate software are available, the annual
total body dose rate due to noble gases in gaseous effluents discharged from
the site to UNRESTRICTED AREAS shall be calculated in accordance with
equation 8G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r (RIGOROUS

METHOD)

Where, -

x/Q

D. = (¥Q)[E(K)(Qr)] ' ' Eq. 8"

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 rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routme, Iong-term concentratuons (e.g., routine noble

' gas releases) (UFSAR 2.3.6.3)

the total body dose factor due to gamma emissions for each |dent|f ed noble gas radionuclide, i
(mreml/yr per microcurie/cubic meter)

The total-body dose factors for gamma rays from noblegas radionuclides wére_ obtained from
Regulatory Guide 1.109, Appendix B, Table B-1.

The tot'al-body dose factors for varlousnoble Qas radionuclides are tabulated in Attachment 10.

the release rate of noble gas radionuclide, i, in (simultaneous) gaseous release, r
(mlcrocurles/second)

Calculate the values of Q,, for. each SlMULTANEOUS RELEASE as shown below

! Equations 8G has been derived from NL_lREG-0133, 5.2.'1, and Regulalory Guide 1.109 (Appendix B,
Equation B-8 and Section C 2. e)
2 NUREG- 0133 33 S
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INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE i IN GASEOUS RELEASE r

Q (As) (F)(c') Eq. 9G

Wheré, .
r = the specific activity of noble gas radionuclide, i, in (simultaneous) 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 (e.g., the release has not been conducted), the "Maximum
Discharge Flow Rate" listed on Attachments 7 or 8 may be used to calculate the annual total
body dose rate.

Whenever possible, the actual discharge flow rate determined from actual release conditions
(e.g., initial pressure, volume, and temperature of a WGDT along with final pressure and
temperature) shall be used in equation 9G.

Additional guidance for calculating discharge flow rates may be cohtained in approved
CHEMISTRY SECTION procedures.

¢ = a conversion constant (1E6 cubic centimeters per cubic meter)

d) Simplified method

(1) If a computer system and the appropriate software are NOT available, the
annual total body dose rate due to noble gases in gaseous effluents
discharged from the site to UNRESTRICTED AREAS may be calculated in
accordance with equation 10G.

ANNUAL TOTAL BODY DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r
(SIMPLIFIED METHOD)

De = [(XQ)(Kug)/(Ku)]ZQy 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 releases are considered "long-term” releases?, and as such, the highest historical annual
average dispersion factor, (x/Q), is used in the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

Equations 10G has been derived from NUREG-0133, 5.2.1, and historical, site-specific data.
z NUREG-0133, 3.3
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The maximum annual average on-shore concentrations occur in the southeast sectorata - -
distance of 1300 meters for purposes of routlne long-term concentrauons (e.g., routine noble
gas releases) (UFSAR, 2.3.6.3) , .

Kavg = the empirically derived, site speciﬁe,‘average', total body, dose factor due to gamma emissions
from TYPICAL GASEOUS EFFLUENTS (mrem/yr per microcurie/cubic meter)

A site-specific, average, gamma total body dose factor for TYPICAL GASEOUS EFFLUENTS
has been calculated from historical data.

The calculation of this snte-specnf ic, average gamma air dose factor is presented on Attachment
11 (use section 3.4.5 of the old ODCM.)

Refer to the table on Attachment 11 for the current value for the empirically derived, site
specific, average gamma total body dose factor.

- Kyt = aconstant, actually a safety factor, which is the ratlo of the CCNPP annual total body dose rate
limit to the annual total 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 Control
3.11.2.1. N

A safety factor of 1.00 will yield an an‘nua'l total bedy dese‘rate'whieh correspends to the annual
. total body dose rate limit of Control 3.11.2.4.

A safety factor of 0.500 will yield an annual total body dose rate which corresponds to one-half
the annual total body dose rate limit of Control 3.11.2.1.

It is recommended that a safety factor of 1.0 be used for calculatmg the annual total body dose
rate, however, other values--not to exceed 1 .00--may be used as directed by the General
Superwsor Chemistry.

The particular value sélected for the safety factor is somewhat arbltrary, however a safety factor
does provide plant personne! with a degree of administrative control over the use of sumphf‘ ied
equations for generatlng radioactive gaseous release permits. This administrative control is
designed to minimize the possibility of vnolatmg Control 3. 11 2, 1 when simplifying assumptions
areused.

The use of a safety factor is consietent with the ALARA philoéOphy that licensees should make
every reasonable effort to maintain radiation exposures, and releases of radioactive materials in
effluents to UNRESTRICTED AREAS, as low as is reasonably achievable.
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This safety factor has been included in equation 1OG to account for any potential
nonconservatism associated with applylng the empirically derived total body gamma dose
factor, K., to all radionuclides identified in the gaseous release. Such nonconservatism could
concelvab?e be present whenever radionuclides having a total body gamma dose factor greater
than K,,4 are present in a gaseous release.

Q; = the release rate of noble gas radionuclide, i, in (simultaneous) gaseous 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 i IN GASEOUS RELEASE r

er

(Ar) (Fe)(c') Eq.9G

Where
Ay

the specific activity of noble gas radionuclide, i, in (simultaneous) 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 (e.g., the release has not been conducted), the "Maximum
Discharge Flow Rate" listed on Attachments 7 or 8 may be used to calculate the annual total
body dose rate.
Whenever possible, the actual discharge flow rate determined from actual release conditions
(e.g., initial pressure, volume, and temperature of a WGDT along with final pressure and
temperature) shall be used in equation 9G.

Additional guidance for calculating discharge flow rates may be contained in approved
CHEMISTRY SECTION procedures.

c = aconversion constant (1E6 cubic centimeters per cubic meter)

e) Radiation monitoring system algorithms

(1) The plant vent stack radiation monitoring systems display values which are
proportional to the annual total body dose rates due to noble gases
emanating from the plant vent stacks.

(2) The values displayed by the plant vent stack radiation monitoring systems are
not used for the purpose of effluent accountability per se, but the values
displayed can provide a gross approximation of annual total body dose rate
(see Control 3.3.3.9).

(3) The Westinghouse Main Vent Noble Gas Monitor, 1/2-RE-5415, is an analog
system and does not employ instrument algorithm to determine noble gas
release rates.
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‘(a).

(b)

It is possible to approximate the noble gas release rates for the Unit 1

and Unit 2 main vents based on output from 1/2-RI-5415.

These calculations are described elsewhere in the ODCM. (See
equatlon 4G in the section 'Calculatlng the Fixed Setpoint for 1/2-RI-
5415.") . .

(4) The Sorrento WRNGM, 1/2-RE-5416, is a dlgltal radiation monitoring system
. which employs an instrument algorlthm to determine noble release rates
(microcuries per second)

(a)

. (b)

()

Itis poss:ble to apprdkimate the noble ’Qas 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 Alarm

Setpoint for 1/2-RIC-5415.")

The instrument algorithms and the (data base) values accessed by

the instrument algorithms are controlled by EN-1-100.

Once the calculations above have been completed “the calculation results are
compared to the appllcable limits and corrective ACTIONS are initiated as described

below.

Corrective actions

a)

b)

CHEMISTRY SECTION survelllance procedures shall contain/and or reference
administrative and/or Control limits for annual total body dose rates 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 o be faken in the event the calculated annual
total body dose rate due to noble gases in gaseous effluents exceeds 500 mr/yr.
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1.

Introduction

a) 10 CFR 20.1301 specifies dose rate limits associated with the release of radioactive
materials to UNRESTRICTED AREAS.

b) Radiological effluent controls have been established to implement the requirements
of 10 CFR 20.1301.

c) These radiological effluent controls are described below.
Radiological Effluent Controls

a) The annual skin dose rate, due to noble gases in gaseous waste discharged to
UNRESTRICTED AREAS, shall be less than 3000 mr/yr (per Control 3.11.2.1).

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

Surveillance Requirement

a) The annual skin dose rate at the SITE BOUNDARY, due to noble gases in all
gaseous effluents discharged from the site, shall be determined in accordance with
equation 11G (per Control 4.11.2.1.1).

b) The resuits 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 skin dose rate due to noble
gases in gaseous effluents.

c) The plant group(s) responsible for performing the required surveillances are
identified below.

Responsible Plant Organization(s)

a) The CHEMISTRY SECTION is responsible for calculating the annual skin dose rate
due to noble gases in gaseous effluents.

b) The CCNPP CHEMISTRY SECTION calculates the annual skin dose rate whenever
the appropriate initiating conditions are present.

c) These initiating conditions are contained in the following section.
Initiating Conditions

a) The annual skin dose rate due to noble gases in all gaseous effluents discharged
from the site is calculated for each release of a WGDT.

b) The annual skin dose rate due to noble gases in all gaseous effluents discharged
from the site is calculated for each vent of a containment building.
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-+ The annual skin dose rate due to noble gases in all gaseous effluents discharged

from the site is calcUlated for each PURGE of a containment building.

The annual skin dose rate due to noble gases in all gaseous effluents discharged
from the site i is calculated at least weekly for CONTINUOUS discharges from plant
vent stacks, © S

The annual skin dose rate due to noble gases in all gaseous effluents discharged
from the site is calculated for each dlscharge of combustlon products resulting from
the burning of contaminated oil.

The annual skin dose rate due to noble gasesin all ‘"gaseous effluents discharged
from the site is calculated for each ABNORMAL AND/OR UNANTICIPATED
RADIOACTIVE GAS RELEASE.

Whenever the correct initiating conditions are present, the annual skin dose rates

-shall be calculated as descrlbed below

6. Calculation Methodology

a)

The annual skin dose rate at the SITE BOUNDARY due to noble gases in all
gaseous effluents dlscharged simultaneously from the site to UNRESTRlCTED
AREAS shall be calculated in accordance with equation 11G.2

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN ALL SIMULTANEOUS GAS RELEASES, r

Dso

'-ZD.,.;., -  Eq.11G

= the annual skin dose rate at the SITE BOUNDARY due to noble gases in all simultaneous
... discharges of gaseous radwaste from the snte ("Umt 0") 3

= the annual skin dose rate at the SlTE BOUNDARY due to noble gases in release r

Sum for all releases r, which are drscharged srmultaneously

- 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 SlMULTANEOUS RELEASE would mclude the release of noble gas
radionuclides from the Unit 1 plant vent stack while also dlscharglng a waste gas decay tank.

Calculate the values of D, for each SIMULTANEOUS RELEASE as shown below.

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 or4.11.2.1.2, Table 4.11-2).
The alarm and trip setpoints ... shall be determined and adjusted in accordance wrth the methodology and
parameters of the ODCM. (Control 3.33.9). o
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b) At CCNPP, two methods exist for calculating Dy, (i.e., annual total skin dose rate at
the SITE BOUNDARY due to noble gases contained in a gaseous radwaste release,
r, discharged from the site).

&) The rigorous method shall be used IF a computer system and the appropriate
software are available.

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

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

c) Rigorous Method

N Solution of the following equation may prove too rigorous for routine use
unless a computer system and appropriate software are available,

(2) If a computer system and the appropriate software are available, the annual
skin dose rate due to noble gases in gaseous release, r, discharged from the
site to UNRESTRICTED AREAS shall be calculated in accordance with
equation 12G.

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r

(RIGOROUS METHOD)

Dy = (WQ)Z{IL+(1.1)(M)I(Qr)} Eq. 12G'
Where,
x/Q = the highest calculated annual average relative concentration for any area at or beyond the

UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term” releases?, and as such, the highest historical annual
average dispersion factor, (x/Q), is used in the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routine, long-term concentrations (e.g., routine noble
gas releases) (UFSAR, 2.3.6.3)

the 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 obtained from Regulatory Guide 1.109, Appendix B,
Table B-1.

Equation 12G has been derived from NUREG-0133, 5.2.1, and Regulatory Guide 1.109 (Appendix B,
Equation B-9 and Section C.2.f).
NUREG-0133, 3.3
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1 The beta skin dose factors for various noble gas radionuclides are tabulated in Attachment 10.

M; = the‘arr dose factor due to gamma emissions for each identified noble gas radionuclide, i
(mrad/yr per mlcrocunelcublc meter)

The gamma air dose factors have been obtalned from Regulatory Guide 1. 109 Appendix B
Table B-1.

The gamma air dose factors for various noble gas radlonucludes are tabulated in Attachment 10.

"1.1 = The conversion constant, 1.1 mrem/mrad, represents the skin dose (1. 1 mrem) equivalent to air
dose (1.0 mrad), and is used to convert air dose to skin dose. :

Q; = the release rate of noble gas radlonucllde | |n (srmultaneous) release, r (microcuries/second).

This value shall be calculated in accordance wrth equation 9G

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE i IN GASEOUS RELEASE r

Q =, .- (A)(F)(c") , A ~ Eq.9G

Ar

the specific activity of noble gas radlonucllde i, in (srmultaneous) release, r (microcuries/cubic
centimeter) : -

F = the discharge flow rate for (simultaneous) release, r (cubic meters per second)
If the dlscharge 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. C
Whenever possible, the actual dlscharge ﬂow rate determlned from actual release conditions
(e.g., initial pressure, volume, and temperature of a WGDT along wrth f nal pressure and
temperature) shall be used in equatlon 9G : .

Addmonal guidance for calculatlng dlscharge ﬂow rates may be contalned in‘approved
CHEMISTRY SECTION procedures.

c = a conversion constant (1E6 cubic centimeters per cubic meter)

d) Slmpliﬁed method

(1)  Ifacomputer system and the appropriate software are NOT available, the
' " annual skin dose rate due to noble gases in gaseous effluents discharged
from the site to UNRESTRICTED AREAS may be calculated in accordance
with equation 13G. : , ,

ANNUAL SKIN DOSE RATE DUE TO NOBLE GASES IN GAS RELEASE, r (SlMPLIFlED METHOD)
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Where, ‘

x/Q = the highest calculated annual average relative concentration for any area at or beyond the

UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term” releases?, and as such, the highest historical annual
average dispersion factor, (x/Q), is used in the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3)

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routine, long-term concentrations (e.g., routine noble
gas releases) (UFSAR, 2.3.6.3)

a constant, actually a safety factor, which is the ratio of the CCNPP annual skin dose rate limit
to the annual skin dose rate limit of Control 3.11.2.1, (unitless)

The safety factor chosen shall be less than or equal to 1.00. 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 dose rate which corresponds to the annual skin
dose rate limit of C_ontrol 3.11.2.1.

A safety factor of 0.500 will yield an annual skin dose rate which corresponds to one-half the
annual skin dose rate limit of Control 3.11.2.1.

It is recommended that a safety factor of 1.0 be used for calculating the annual skin dose rate,
however, other values-—-not to exceed 1.00—-may be used as directed by the General Supervisor
Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a safety factor
does provide plant personnel with a degree of administrative control over the use of simplified
equations for generating radioactive gaseous release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.2.1 when simplifying assumptions
are used.

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

This safety factor has been included in equation 13G to account for any potential
nonconservatism associated with applying the empirically derived skin beta dose factor, L,,, to

all radionuclides identified in the gaseous release. Such nonconservatism could conceivable be
present whenever radionuclides having a skin beta dose factor greater than L,,4 are presentin

a gaseous release.

Equation 13G has been derived from NUREG-0133, 5.2.1, and Regulatory Guide 1.109 (Appendix B,
Equation B-9 and Section C.2.).
NUREG-0133, 3.3
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‘La‘,g = the empmcally derived, site specific, average, skin dose factor due to beta emissions from- --

TYPICAL GASEOUS EFFLUENTS (mremlyr per microcurie/cubic meter)
A site-specific, average, beta skin dose factor for TYPICAL GASEOUS EFFLUENTS has been

o calculated from hlstoncal data.

" The calculation of this srte-specnf‘ c, average beta skln dose factor is presented on Attachment

11.
Refer to the table on Attachment 11 for the current value for the emprrrcally derived, site

“specific, average beta skin dose factor

the empirically derived, site specific, average, air dose factor due to gamma emissions from
TYPICAL GASEOUS EFFLUENTS (mrad/yr per microcurie/cubic meter)

" A site-specific, average, gamma air dose factor for TYPICAL GASEOUS EFFLUENTS has been

calculated from historical data.

~ The calculatron of this site-specific, average gamma air dose factor is presented on Attachment

11.

* Refer to the table on Attachment 11 for the current value for the empirically derived, site

specific, average gamma air dose factor.

The conversion constant, 1.1 mrem/mrad, represents the skin dose (1.1 mrem) equivalent to air

- dose (1.0 mrad) andis used to convert alr dose to sk|n dose

the release rate of noble gas radionuclide, i, in (srmuItaneous) release, r (microcuries/second)

" This value shall be calculated in accordance with equation 9G.

INSTANTANEOUS RELEASE RATE OF NOBLE GAS NUCLIDE i IN GASEOUS RELEASE r

Qi

(A (F)(¢') Eq. 96

the specific actrvity of noble gas radionuclide, 1, in (simultaneous) release, r (microcuries/cubic
centlmeter) - .

the drscharge flow rate for (srmultaneous) release, r (CUbIC meters per second)

If the discharge flow rate is unknown (e.g., the release has not been conducted), the "Maximum
Discharge Flow Rate" listed on Attachments 7or8 may be used to calculate the annual skin

.dose rate

1

| Whenever possrble the actual dlscharge ﬂow rate determrned from actual release conditions

(e.g., initial pressure, volume, and temperature of a WGDT along with final pressure and

J temperature) shall be used in equatlon QG

Additional guidance for calculating dlscharge flow rates may be contalned in approved

.- CHEMISTRY SECTION procedures

a conversion constant (1E6 cubic centrmeters per CUbIC meter)
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e) Radiation monitoring system algorithms

(1) The plant vent stack radiation monitoring systems display values which are
proportional to the annual skin dose rate due to noble gases emanating from
the plant vent stacks.

(2) The values displayed by the plant vent stack radiation monitoring systems are
not used for the purpose of effluent accountability per se, but the values
displayed can provide a gross approximation of annual skin dose rate (see
Control 3.3.3.9).

3) The Westinghouse Main Vent Stack Noble Gas Monitor, 1/2-RE-5415, is an
analog system and does not employ instrument algorithm to determine noble
release rates.

(a) It is possible to approximate the noble gas release rates for the Unit 1
and Unit 2 main vents based on output from 1/2-RI-5415.

(b) These calculations are described elsewhere in the ODCM. (See
equation 4G in the section "Calculating the Fixed Setpoint for 1/2-RI-
5415.")

(4) The Sorrento WRNGM, 1/2-RE-5416, is a digital radiation monitoring system
which employs an instrument algorithm to determine noble release rates
(microcuries per second).

(a) It is 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-R1C-5415.")

(5) The instrument algorithms and the (data base) values accessed by the
instrument algorithms are controlled by EN-1-100.

f) Once the calculations above have been completed, the calculation results are
compared to the applicable limits and corrective ACTIONS are initiated as described
below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or reference
administrative and/or Control limits for annual skin dose rate for gaseous effluents
and shall specify corrective actions to be initiated when these limits are exceeded.

b) Refer to Control 3.11.2.1 for actions to be taken in the event the calculated annual
skin dose rate exceeds 3000 mr/yr.

ANNUAL ORGAN DOSE RATES DUE TO IODINES AND PARTICULATES IN GASEOQUS EFFLUENTS

1. Introduction
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Lb) -

c)

- 10 CFR 20.1301 specifies dose rate Ilmlte associated with the release of radloactlve

materials to UNRESTRICTED AREAS.

Radiological effluent controls were ongmally establlshed to implement the

" requirements of 10 CFR 20.1301. The 10 CFR 50 Appendix |, Design Objectives for

ALARA Radioactive Effluents, upon which these calculations are based, are more

. restrictive than the public dose limits of 10 CFR 20.1301.

“These radiological effluent controls are described below.

Radiological Effiuent Controls

a)

b)

The annual organ dose rates, due to iodines and p'artlcvu‘lates in gaseous waste
discharged to UNRESTRICTED AREAS, shall be less than 1500 mr/yr (per Control
3.11.2.1).

' The routine survelllances whlch are performed to verlfy compllance with this

radlologlcal effluent controls are descrlbed below



a)

b)

d)
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3. Surveillance Requirements

a) The CHEMISTRY Sections sampling and analysis procedure(s) shall describe the
CCNPP radioactive gaseous waste sampling and analysis program (required by
Control 4.11.2.1.2).

b) The results of the radioactive gaseous waste sampling and analysis program are
used to calculate the annual organ dose rates due to iodines and particulates in
gaseous effluents.

c) The plant group(s) responsible for performing the required surveillances are
identified below.

4, Responsible Plant Organization(s)

a) The CHEMISTRY SECTION is responsible for calculating the annual organ dose
rates due to iodines and particulates in gaseous effluents.

b) The CHEMISTRY SECTION calculates the annual organ dose rates whenever the
appropriate initiating conditions are present.

c) These initiating conditions are contained in the following section.

5. Initiating Conditions

The annual organ dose rate--for each organ and at the SITE BOUNDARY--due to
iodines and particulates in gaseous effluents 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--due to
iodines and particulates in gaseous effluents is calculated for each discharge of
combustion products resulting from the burning of contaminated oil.

The annual organ dose rate—for each organ and at the SITE BOUNDARY-due 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 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, Table 4.11-2).
See the definition of ABNORMAL/UNANTICIPATED GAS RELEASE in the DEFINITIONS section of the

ODCM.
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- Calculation Methodology

a) The annual organ dose rate, at the SITE BOUNDARY, due to iodine and particulate
. radionuclides in gaseous effluents released to UNRESTRICTED AREAS shall be
calculated in'accordance with equatlon 14G.!

ANNUAL ORGAN, o, DOSE RATE DUE TO IODINES AND PARTICULATES IN ALL SIMULTANEOUS
GASEOUS RELEASES r FROM THE SITE, 0 -

- Doo

XDy - R . Eq.14G

n

the site-boundary annual organ dose rate due to iodine and particulate radlonuchdes in all
gaseous effluents discharged snmultaneously from the site ( Unit 0")

the site-boundary annual organ dose rate due to iodine and particulate radionuclides in release,
r .

Sum for all releases, r, which are discharged simultaneously.

- An example of a SIMULTANEOUS RELEASE would include the release of iodines and

particulate radionuclides from the Unit 1-plant vent stack while also discharging iodines and
particulate radionuclides from the Unlt 2 plant vent stack.

" An example of a SIMULTANEOUS RELEASE would mclude the release of iodine 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 below.

b) At CCNPP, two methods exist f'oi"c’:a'\lcuklla'tln’g'l')or (ie., the annual organ dose rates
due to iodine and particulate radionuclides in gaseous effluents released to
UNRESTRICTED AREAS).

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

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available. .

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

. .The alarm and fixed setpoints ... shall be determined and adjusted in accordance with the methodology and
parameters of the ODCM. (Control 3.3.3. 9) o .
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c) Rigorous Method

(1) Solution of the following equation may prove too rigorous for routine use
unless a computer system and appropriate software are available.

(2) If a computer system and the appropriate software are available, the annual
organ dose rates due to iodines and particulates in gaseous effluents
released to an UNRESTRICTED AREA shall be calculated in accordance
with equation 15G.

ANNUAL ORGAN, o, DOSE RATE DUE TO IODINES AND PARTICULATES IN GASEOUS RELEASE, r

(RIGOROUS METHOD)

Do = (xQ)Z(P;)(Q) Eq. 15G'
Where,
x/Q = the highest calculated annual average relative concentration for any area at or beyond the

UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter)

All releases are considered "long-term” releases?, and as such, the highest historical annual
average dispersion factor, (x/Q), is used in the dose rate calculations.

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (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 (UFSAR, 2.3.6.3).

the maximum organ inhalation pathway dose parameter for iodine and particulate radionuclides,
i, for the most restrictive (i.e., child) age group (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, 5.2.1.b, specifies calculating the exposure
to the "INFANT" age group, where the exposure is due to a combination of three separate
pathways.

1) inhalation,

2) ground plane, and

3) food.

The latest NRC guidance has deleted the requirement to include the ground plane and food

dose contributions when calculating maximum organ doses, therefore no pathway dose factors
are calculated for the ground plane or food pathways.

! Equation 15G has been derived from NUREG-0133, 5.2.1.

N

NUREG-0133, 3.3
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The latest NRC gundance 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 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;.

Q; = the release rate of iodine or partlculate radlonucllde, i,in (snmultaneous) gaseous release, r
(microcuries/second).

Calculate the values of Qi,'for each SIMULTANEOUS RELEASE in accordance with equation
9G.

INSTANTANEOUS RELEASE RATE OF IObthE OR PARTICULATE NUCLIDE i IN GASEOUS RELEASE
r .

Q = (A,,)‘(F,)(c') SR o Eq. 9G
A, =" the' specuf ¢ activity of |od|ne or partlculate radlonuchde i, in (snmultaneous) release r
(microcuries/cubic centimeter)
F, = the discharge flow rate for (simu]taneous)'rélease, r (cubic meters per second)

If the discharge flow rate is unknown (e.g., the release has not been conducted), the "Maximum
Discharge Flow Rate listed on Attachments 7 or 8 may be used to calculate the annual organ
dose rate.

* Additional gurdance for calculatlng dlscharge ﬂow rates may be contalned in approved
 CHEMISTRY SECTION procedures.

c' = a conversion constant (1E6 cubic centimeters per cubic meter) =~

d) simplified method

(1)  Ifa computer system and the appropriate software are NOT available, the
annual organ dose rate due to iodines and particulates in gaseous effluents
discharged from the site to UNRESTRICTED AREAS may be calculated in
- accordance with equation 16G." -

ANNUAL ORGAN o, DOSE RATE DUE TO IODINES AND PARTICULATES IN GASEOUS RELEASE, r
(SIMPLIFIED METHOD)
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Do = (1 Kyg) (XIQ) ( Prax ) Z Qi Eq. 16G'

Where,
st

a constant, actually a safety factor, which is the ratio of the CCNPP organ dose rate limit to the

‘organ dose rate limit of Control 3.11.2.1, (unitless)

xXQ =

The 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 3.11.2.1.

A safety factor of 1.00 will yield an organ dose rate which corresponds to the organ dose rate
limit of Control 3.11.2.1.

A safety factor of 0.500 will yield an organ dose which corresponds to one-half the organ dose
rate limit of Control 3.11.2.1.

It is recommended that a safety factor of 1.0 be used for calculating the organ dose rate,
however, other values—-not to exceed 1.00—may be used as directed by the General Supervisor
Chemistry.

The particular value selected for the safety factor is somewhat arbitrary, however a safety factor
does provide plant personnel with a degree of administrative control over the use of simplified
equations for generating radioactive gaseous release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.2.1 when simplifying assumptions
are used.

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

This safety factor has been included in equation 16G to account for any potential
nonconservatism associated with applying the dose parameter, P,,,, to all radionuclides
identified in the gaseous release. Such nonconservatism could conceivable be present
whenever radionuclides 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-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 rate calculations.

The highesf annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR, 2.3.6.3) for purposes of
routine, long-term concentrations (e.qg., routine noble gas releases) (UFSAR, 2.3.6.3).

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routine, long-term concentrations (e.g., routine noble
gas releases) (UFSAR, 2.3.6.3).

Equ

ation 16G has been derived from NUREG-0133, 5.2.1.

2 NUREG-0133, 3.3
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the most restrictive dose parameter which would be reasonably anticipated for the mhalatron

- pathway, child age group, thyroid organ, and I-131 radionuclide (mrem/year per

microcurie/cubic meter)

The mhalatron pathway dose parameters have been obtamed in accordance w:th NUREG 0133

: 5211

The pathway dose factor specn" ed m' NUREG 0133, 5I 2.1. b specifies calculatmg 'the exposure
to the "INFANT" age group, where the exposure |s due to a combmatlon of three separate
pathways. - . : o .

1) inhalation,

2) ground dplavne, and

- 3)food. -

The latest NRC guidance has deleted the requireme'nt to'include the ground'plan'e 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 variousradionuclides, sorted by critical
organ, are tabulated in Attachment 12.

It should be noted that the dose parameters, P, (listed in Attachment 12) calculated in
accordance with NUREG-0133, section 5.2.1.1 and the latest NRC guidance are numerically
equal to the "Inhalation Pathway Factors,” 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
Ki.

the release rate of iodine or partlculate radronucllde, i,in (srmultaneous) gaseous release, r
(mlcrocurres/second)

Calculate the values of Q,, for each SIMULTANEOUS RELEASE in accordance with equatron
9G.
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|NSTANTANEOUS RELEASE RATE OF IODINE OR PARTICULATE NUCLIDE i IN GASEOUS RELEASE
r

Qi = (Ar)(Fe)(c") - Eq. 9G

A, = the specific activity of iodine or particulate radionuclide, i, in (simultaneous) 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 (e.g., the release has not been conducted), the "Maximum
Discharge Flow Rate" listed on Attachments 7 or 8 may be used to calculate the annual organ
dose rate.

Additional guidance for calculating discharge flow rates may be contained in approved
CHEMISTRY SECTION procedures.

c = aconversion constant (1E6 cubic centimeters per cubic meter)

e) Once the calculations above have been completed, the calculation results are
compared to the applicable limits and corrective actions are initiated as described
below.

7. Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and/or reference
administrative and/or Control limits for annual organ dose rates for gaseous effluents
and shall specify corrective actions to be initiated when these limits are exceeded.

b) Refer to Control 3.11.2.1 for actions to be taken in the event the calculated annual
organ dose rate to any organ exceeds 1500 mr/yr.

CUMULATIVE GAMMA AIR DOSES DUE TO NOBLE GASES IN GASEOUS EFFLUENTS
1. Introduction

a) Appendix | to 10 CFR 50 specifies cumulative gamma air dose limits associated with
the release of radioactive materials to UNRESTRICTED AREAS.

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

c) These radiological effluent controls are described below.
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2. - Radiological Effluent Controls

The cumulative gamma air dose, due to noble gases in gaseous effluents released

-‘ a)
to UNRESTRICTED AREAS, shall be less than 10 mrads in any calendar quarter,
and shall be less than 20 m_rads in any calendar year (per Contro] 3.11.2.2)

b) The routine surveillances which are performed to verify corﬁpliance with these
radiological effluent controls are described belc_Jw.
3. Surveillance Requirement(s) .

' a) The 6umulative gamma air doses,'fdlr the current calendar month, the calendar
quarter, and the current calendar year, due to noble gases in gaseous effluents, shall
be determined at least once every 31 days (Control 4.11.2.2).

b) The plant group(s) responsible for performing the required surveillance(s) are
identified below. , '

4, Responsible Plant Orgahizationé L _

a) The CHEMISTRY SECTION is responéible for calculating the cumulative gamma air
doses for the current calendar quarter and the current calendar year,

b) The CHEMISTRY SECTION calculates the cumulative gamma air doses whenever
the appropriate initiating conditions are present

c) These initiating conditions are contained in the following section.

5. Initiating Conditions

a) The cumulative gamma air doses due to noble gases in gaseous effluents shall be
determined at least once per 31 days (Control 4.11.2.2).

b) The cumulative gamma air doses due to noble gases in gaseous effluents shall be
calculated for each release of a WGDT.

c) The cumulative gamma air doses due to noble gases in gaseous effluents shall be
calculated for each vent of a containment building.

d) The cumulative gamma air doses due to noble gases in gaseous effluents shall be
calculated for each PURGE of a containment 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 cumulative gamma air doses due to noble gases in gaseous effluents shall be

calculated for each discharge of combustion products resulting from the burning of
contaminated oil.

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, Table 4.11-2).



&,
;‘:. OFFSITE DOSE CALCULATION MANUAL ESZ;'& 176 of 319

A D
A s

Q) The cumulative gamma air doses due to noble gases in gaseous effluents shall be
calculated 1for each ABNORMAL AND/OR UNANTICIPATED RADIOACTIVE GAS
RELEASE'.

h) Whenever the correct initiating conditions are present, the cumulative gamma air
doses shall be calculated as described below.

6. Calculation Methodology

a) The cumulative gamma air dose at the SITE BOUNDARY (e.g., for the current
calendar month, current calendar quarter, current calendar year, or previous 92
days) du? to noble gases in gaseous effluents shall be calculated using the following
equation®:

The criteria used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found in the
implementing procedures.

The alarm and fixed setpoints ... shall be determined and adjusted in accordance with the methodology and
parameters of the ODCM. (Control 3.3.3.9).
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CUMULATIVE GAMMA, g, AIR DOSE FOR ALL GASEOUS RELEASES r, DISCHARGED DURING TIME
INTERVAL, t

2 Dg . R .. . . Eq.17G

D:gt =
Where, : U UL - -
Dy = the cumulative gamma air dose (mrad) at the SITE BOUNDARY due to noble gas radionuclides
contained in all gaseous radwaste discharged from the site dunng the time interval, t
Dgr = the cumulatlve gamma air dose (mrad) at the SITE BOUNDARY due to noble gas radlonuclrdes
contained in gaseous radwaste release, r, dlscharged from the site durmg the tume interval of
interest . , o . :

Calculate the values of Dgr for each gaseous release as described below.

b) | At CCNPP, two methods exrst for calculatrng D, (i. e the gamma air dose at the
... SITE BOUNDARY due to noble gas radronuchges contamed in a gaseous radwaste
release, r, discharged from the site dunng a specut' ied tlme interval).

1) The rigorous method shaII be used IF a computer system and the appropriate
software are available. - , . ,

(2)  The simplified method may be used IFa comouter syStem and the
appropriate software are NOT available. - .

(3) These methods, as well as addrtlonal supportrng mformatron are presented
in the following sections. -

c) rigorous method

1) Solution of the following equation may prove too rigorods for routine use
unless a computer system and appropriate software are available.

- (2) If a computer system and the appropriate software are available, the gamma
air dose due to noble gases in gaseous effluents released to
UNRESTRICTED AREAS shall be calculated in accordance wrth equatlon
18G. e DT : _
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GAMMA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (RIGOROUS EQUATION)

Dgr (3A7E-8)(Q)Z [ (M) (Q')] Eq. 18G'

Where,
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 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 emissions for each identified noble gas radionuclide, i
(mrad/yr per microcurie/cubic meter)

The gamma air dose factors have been obtained from Regulatory Guide 1.109, Appendix B,
Table B-1.

The gamma air dose factors for various noble gas radionuclides are tabulated in Attachment 10.

Q, = the total (time 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 each 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 RELEASEr .

o (A (Rt () | 'Eq.19G

A .

the specific activity of noble gas radlonuclrde i,in release r, dlscharged dunng the time interval
of interest (microcuries/cubic centimeter)

the discharge flow rate for release, r, dlscharged during the time interval of mterest (cubic
meters per second) o ‘ S ‘

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 possnble the actual dlscharge ﬂow rate determined from actual release conditions

(e.g., initial pressure, volume, and temperature of a WGDT along with final pressure and
temperature) shall be used in equation 19G.. . .

Additional gundance for calculatlng dlscharge flow rates may be contamed in approved
CHEMISTRY SECTION procedures.

the duration of the gaseous radwaste release (seconds)

a conversion constant, 1E6 cubic centimeters per cubic meter, which represents the number of
cubic centimeters per cubic meter.

(3) In the event a computer system is unavallable avsir'npllf‘ ed equation may be
_used to calculate the gamma air dose due to noble gases in gaseous
effluents released to UNRESTRICTED AREAS .

(4) The simplified method is presented below. .
d) S|mpl|fed method o
‘ ('1) Ifa computer system and appropnate software are NOT avallable to perform
the rigorous gamma air dose calculation described in the previous section,
the gamma air dose, due to noble gas radionuclides, in any single release of
waste gases drscharged to UNRESTRICTED AREAS may be calculated in
accordance with equatlon 20G."

[A o S
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GAMMA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (SIMPLIFIED EQUATION)

De = [(3.17E-8) (X/Q) (Mug ) Ku1Z Q' Eq. 20G'
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 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 empirically derived, site specific, average gamma air dose factor for each identified noble
gas radionuclide, i (mrad/yr per microcurie/cubic meter)

A site-specific, average, gamma air dose factor has been calculated from historical data.

The calculation of this site-specific, average, gamma air dose factor is presented on Attachment
11 (use section 3.4.5 of the old ODCM.)

Ky = aconstant, 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 gamma air dose
is always less than or equal to the gamma air dose limit of Control 3.11.2.2,

A safety factor of 1.00 will yield an gamma air dose which corresponds to the gamma air dose
limit of Control 3.11.2.2,

A safety factor of 0.500 will yield an gamma air dose which corresponds to one-half the gamma
air dose limit of Control 3.11.2.2.

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.
2 NUREG-0133, 3.3
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-~ The particular value selected for the safety factor is somewhat arbitrary, however a safety factor
does provide plant personnel with a degree of administrative control over the use of srmpllr ied
equations for generatlng radioactive gaseous release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.2.2 when simplifying assumptions
are used.

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

This safety factor has been included in equation 20G to account for any potential
nonconservatism associated with applying the empirically derived gamma air dose factor, Mavg:

- {o all radionuclides identified in the gaseous release. - Such nonconservatism could conceivable
be present whenever radionuclides having a gamma air dose factor greater than M, are

present in a gaseous release
Qi = the total (tlme averaged) activity of noble gas radlonucllde i, in gaseous release, r (mrcrocunes)
At CCNPP, all releases are consrdered long term releases

Calculate the values of Q; for each release in accordance wrth equatron 19G

“TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE i IN GASEOUS RELEASE

‘ er

(A F;)(t.r)(c') Eq. 19G

A, = the specific activity of noble gas radronucllde, i,in release r, dlscharged during the time interval
- of interest (mlcrocunes/cubrc centlmeter) . . ,

F, = the dlscharge flow rate for release, r, drscharged dunng the time interval of interest (cubic
‘ meters per second).

If the discharge flow rate is unknown (e.g., the gaseous radwaste has not been released), the
"Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be used to calculate the
average activity for nuclide i.

* Additional gmdance for calculating dlscharge ﬂow rates may be contalned in approved
CHEMISTRY SECTION procedures e

t = the duration of the gaseous radwaste release (seconds)

c = a conversion constant, 1E6 cubic centimeters per cubic meter, whrch represents the number of
cubic centimeters per cubic meter. .
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e) Once the calculations above have been completed, the calculation results are
compared to the applicable limits and corrective actions are initiated as described
below.

Corrective actions

a) CHEMISTRY SECTION surveillance procedures shall contain/and or reference
administrative and/or Control limits for quarterly and yearly gamma air doses for
gaseous effluents and shall specify corrective actions to be initiated when these
limits are exceeded.

b) Refer to Control 3.11.2.2 for actions to be taken in the event the calculated
cumulative gamma air doses exceed 10 mrads per calendar quarter or 20 mrads per
calendar year.

CUMULATIVE BETA AIR DOSES DUE TO NOBLE GASES IN GASEOUS EFFLUENTS

1.

Introduction

a) Appendix | to 10 CFR 50 specifies cumulative beta air dose limits associated with the
release of radioactive materials to UNRESTRICTED AREAS.

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

c) These radiological effluent controls are described below.

Radiological Effluent Controls

a) The cumulative beta air dose, due to noble gases in gaseous effluents released to
UNRESTRICTED AREAS, shall be less than 20 mrads in any calendar quarter, and
shall be less than 40 mrads in any calendar year (per Control 3.11.2.2)

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

Surveillance Requirement(s)

a) The cumulative beta air doses, for the current calendar quarter and the current
calendar year, due to noble gases in gaseous effluents, shall be determined at least
once every 31 days (Control 4.11.2.2).

b) The plant group(s) responsible for performing the required surveillance(s) are
identified below.

Responsible Plant Organizations

a) The CHEMISTRY SECTION is responsible for calculating the cumulative beta air
doses for the current calendar quarter and the current calendar year.

b) The CHEMISTRY SECTION calculates the cumulative beta air doses whenever the
appropriate initiating conditions are present
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- g) - These |n|t|at|ng condmons are contalned ln the following sectlon
5. Imtlatlng Condltlons o A . ‘

a) The cumulative beta air doses due to noble gases in gaseous effluents shall be
determined at least once per 31 days (Control 4 11.2.2).

b) The cumulative beta air doses due to noble gases in gaseous effluents are
calculated for each release of a WGDT.

c) The cumulative beta air doses due to noble gases in gaseous‘efﬂuents’ are
calculated for each vent of a containment building.

d)  The cumulative beta air doses due 16 noble gases in gaseous effluents are
calculated for each PURGE of a containment building. ,

e) The cumulative beta air doses due to noble gases in gaseous effluents are
calculated at least weekly for CONTINUOUS discharges from plant vent stacks.

) The cumulative beta air doses due to noble gases in gaseous effluents are
calculated for each discharge of combustion products resulting from the burning of
contaminated oil.

Q) The cumulative beta air doses due to noble gases in gaseous effluents are
calculated for each ABNORMAL AND/OR UNANTICIPATED RADIOACTIVE GAS
RELEASEZ

h) Whenever the correct initiating conditions are present the cumulative beta air doses
shall be calculated as described below.

6. Calculation Methodology
a) . The cumulative beta air doses (e.g., for the current calendar month, current calendar

quarter, current calendar year or previous 92 days) due to noble gases in gaseous
effluents shall be calculated in accordance with equation 21G.

The frequency is controlled by the implementing procedure, and is based on plant conditions. Under no
conditions shall the frequency be less than once per month (Controls 4.11.2.1.1 or 4.11.2.1.2, Table 4.11-2).
The criteria used to define ABNORMAL AND UNANTICIPATED GAS RELEASES may be found in CP-612 or
CP-604.
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CUMULATIVE BETA AIR DOSE FOR ALL GASEQUS RELEASES, r, DISCHARGED DURING TIME
INTERVAL, t

Du = %, Dy, Eq.21G
Where,
Dy = the cumulative beta air dose (mrad) at the SITE BOUNDARY due to noble gas radionuclides
contained in all gaseous radwaste discharged from the site during the time interval, t
Dy, = the beta air dose (mrad) due to noble gas radionuclides contained in gaseous radwaste release,

r, discharged from the site during the time interval of interest

Calculate the values of Dy, for each gaseous release as described below.

b) At CCNPP, two methods exist for calculating Dy, (the beta air dose at the SITE
BOUNDARY due to noble gas radionuclides contained in a gaseous radwaste
release, r, discharged from the site).

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

(2) The simplified method may be used IF a computer system and the
appropriate software are NOT available.

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

c) Rigorous method

(1) Solution of the following equation may prove too rigorous for routine use
unless a computer system and appropriate software are available.

(2) If a computer system and the appropriate software are available, the
cumulative beta air dose due to noble gases in gaseous effluents released to
UNRESTRICTED AREAS shall be calculated in accordance with equation
22G.
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" BETAAIR DOSE DUE TO NOBLE GASES IN GAS RELEASE T (RIGOROUS EQUATION)

Dar

| (3‘-1751-_8)‘( @) Z[(N)(Q')] | Eq.226'

Dg, "= the beta air dose due to noble gas radionuclides contained in gaseous radwaste release, r,
discharged from the site during the tlme mterval of mterest

3.17E-8 = The conversion constant, 3. 17E-8 ‘represents the inverse of the number of seconds in a
year

xQ = the hlghest calculated annual average Telative concentration for any area at or beyond the
" UNRESTRICTED AREA boundary (2.2E-6 seconds per cublc meter) ‘

All releases are considered "Iong -term" releases?, and as such, the highest historical annual
average dispersion factor, (x/Q), is used in the dose calculatlons oo

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 noblé gas releases) (UFSAR, 2.3.6.3).

The maximum annual 'average on-shore concentrations occur in the southeast sectorata
distance of 1300 meters for purposes of routine, long-term concentrations (e.g., routine noble
(gas releases) (UFSAR 2.3.6.3).

N, =" the air dose factor due'to beta emissions for each tdentlf ed noble gas radionuclide, i (mrad/yr
per microcurie/cubic meter) -

The beta air dose factors have been obtained from’ Regulatory Guide 1.109, Appendlx B, Table
B-1.

. The beta air dose factors for various noble gas radlonuclldes are tabulated in Attachment 10
) (Attachment1 of old ODCM) ' ‘

Q) - -=,‘. the total (tume averaged) actuwty of noble gas radlonuchde i in gaseous release, r
" (microcuries). _ .

At CCNPP, all 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.
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)(tr)(c') Eq. 19G

A, = the specific activity of noble gas radionuclide, i, in release, r, dischérged during the time interval
of interest (microcuries/cubic centimeter).

Fe = the discharge flow rate for release, r, discharged during the time interval of interest (cubic
meters per second).

If the discharge flow rate is unknown (e.g., the gaseous radwaste has not been released), the
"Maximum Discharge Flow Rate" listed on Attachments 7 or 8 may be used to calculate the
average activity for nuclide i.

Additional guidance for.calculating discharge flow rates may be contained in approved
CHEMISTRY SECTION procedures.

b, = the duration of the gaseous radwaste release (seconds).

¢ = 3 conversion constant, 1E6 cubic centimeters per cubic meter.

(3) In the event a computer system is unavailable, a simplified equation may be
used to calculate the gamma air dose due to noble gases in gaseous
effluents released to UNRESTRICTED AREAS.

(4) The simplified method is presented below.
d) Simplified method

(1) If a computer system and the appropriate software are NOT available to
perform the rigorous beta air dose calculation described in the previous
section, the beta air dose resulting from a single release of waste gases
discharged to UNRESTRICTED AREAS may be calculated in accordance
with equation 23G.
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BETA AIR DOSE DUE TO NOBLE GASES IN GAS RELEASE, r (SIMPLIFIED EQUATION)

A}

D ' [(3-175;8)(5(10)(N.yg)IK.r]ZQ'rr' L Eq.236"

3.17E-8 = The conversron constant, 3.17E-8, represents the inverse of the number of seconds in a

x/Q

Navg

year. . . S

= the hlghest calculated annual average relatlve concentratlon for any area at or beyond the
UNRESTRICTED AREA boundary (2.2E-6 seconds per cubic meter) :

N All releases are considered "long-term releases and as such the hlghest hlstoncal annual
average dispersion factor, (x/Q), is used in the dose calculations. o

The highest annual average dispersion factor (x/Q) is 2.2E-6 (UFSAR 2 3.6. 3) for purposes of
routine, long-term concentrations (e.g., routine noble gas releases) (UFSAR, 2.3.6.3). "

The maximum annual average on-shore concentrations occur in the southeast sector at a
distance of 1300 meters for purposes of routlne long-term concentrations (e.g., routine noble
gas releases) (UFSAR, 2.3.6.3). U :

= the empirically derived, site specific, average beta air dose factor for each |dent|f ed noble gas
" radionuclide, i (mrad/yr per microcurie/cubic meter) - :

‘A site-specific, average, beta air dose factor has been calculated from historical data.

The calculation of this srte-spec:f ic, average, beta air dose factor is presented on Attachment
1. : A o

a constant, actually a safety factor, which is the: ratio of the CCNPP beta air dose limit to the
beta air dose limit of Control 3.11.2.2, (unitless). . o

The safety factor chosen shall be less than or equal to 1.00. This ensures the beta air dose is
always less than or equal to the beta air dose limit of Control 3.11.2.2. -

A safety factor of 1.00 will yreld an organ dose whlch corresponds to the beta air dose limit of
Control 3.11.2.2.

A safety factor of 0.500 wrll yleld an beta air dose whrch corresponds to one-half the beta air
dose limit of Control 3.11.2.2.

It is recommended that a safety factor of 1.0 be used for calculating the beta air dose, however,
other values--not to exceed 1.00--may be used as directed by the General Supervisor
Chemlstry

Equation 23G has been denved 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 administrative control over the use of simplified
equations for generating radioactive gaseous release permits. This administrative control is
designed to minimize the possibility of violating Control 3.11.2.2 when simplifying assumptions
are used.

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

This safety factor has been included in equation 23G to account for any potential
nonconservatism associated with applying the empirically derived beta air dose factor, N,,g, to
all radionuclides identified in the gaseous release. Such nonconservatism could conceivable be
present whenever radionuclides having a beta air dose factor greater than N, are presentin a
gaseous release.

the total (time averagéd) 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 each release in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF NOBLE GAS NUCLIDE i IN GASEOUS RELEASE r

er = (Alr)(Fr)(tu)(c') Eq.196

Ay

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.

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 cubic centimeters per cubic meter.

e) Once the calculations above have been completed, the calculation results are
compared to the applicable limits and corrective actions are initiated as described
below.
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Corrective actions -

a)

b)

. CHEMISTRY SECTION surveillance procedures shall contarn/and or reference

administrative and/or Control limits for quarterly and yearly beta air doses for
gaseous effluents and shall specrfy corrective actions to be initiated when these
limits are exceeded - A

Refer to Control 3.11.2.2 forAactrcns to be taken in the evernit 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.

a)

b)

c)

" Introduction ' .
a) . Appendix!to 10 CFR 50 specifies cumulative organ dose limits associated with the
_ release of radioactive materials to UNRESTRICTED AREAS.
b) Radiological effluent controls have been established to rmplement the requirements
of 10 CFR 50, Appendix . '
c¢)  These radiological effluent controls are;descriped belcvrr, '

Radrologrcal Effluent Controls ..

The cumulatlve organ dose due to iodines and partrculates 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 crgan dcse due toriodines and pariiculates in gaseous, contaminated
oil combustion products released to UNRESTRICTED AREAS shall be less than
0.015 mrems per quarter, and shall be less than 0.030 mrems per year (per Control
3.11.2.3). : R N

0

~ The routine surveillances which are berformed to lverify’ compliance with this

radiological effluent controls are described below.

Surveillance Requrrements

a) .

b)

. The cumulative organ doses (due to |od|nes and partlculates 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 Ieast once
every 31 days in accordance with the ODCM (per Control 4.11.2.3).

The plant group(s) responsible for performing the required surveillances are
identified below.
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4. Responsible Plant Organizations

a) The CHEMISTRY SECTION is responsible for implementing the surveillances
required by Control 4.11.2.3.

b) The CCNPP CHEMISTRY SECTION calculates the cumulative organ doses
whenever the appropriate initiating conditions are present

c) These initiating conditions are contained in the following section.

5. Initiating Conditions

a) The cumulative organ dose--for each organ--shall be determined at least once per
31 days (Control 4.11.2.2).

b) The cumulative organ dose--for each organ--due to iodines and particulates in
gaseous effluents shall be calculated at least weekly' for CONTINUOUS discharges
from plant vent stacks.

c) The cumulative organ dose--for each organ--due to iodines and particulates in
gaseous effluents shall be calculated for each discharge of combustion products
resulting from the burning of contaminated oil.

d) The cumulative organ dose—for each organ-—-due to iodines and particulates in
gaseous effluents shall be calculated for each ABNORMAL AND/OR
UNANTICIPATED RADIOACTIVE GAS RELEASE.

e) Whenever the correct initiating conditions are present, the annual cumulative organ
doses shall be calculated as described below.

6. Calculation Methodology
a) The cumulative organ doses (for the calendar month, calendar quarter, previous 92

days, and calendar year) due to iodines and particulates in gaseous waste
discharged to UNRESTRICTED AREAS shall be calculated in accordance with
equation 24G.

The frequency is controlled by the implementing procedure, and is based on plant conditions. Under no
conditions shall the frequency be less than once per month (Controls 4.11.2.1.1 or 4.11.2.1.2, Table 4.11-2).
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" CUMULATIVE DOSE TO ORGAN o, FROM ALL GASEOUS RELEASES r, DISCHARGED DURING o
TIME INTERVAL, t

" Da = .. ZDu . N S ' Eq.24G
Where, ‘ . .
Dot = the cumulative dose (mrad) to organ, o, at the SITE BOUNDARY, due to iodine and particulate
- radionuclides contained in gaseous waste discharged from the site during the time interval, t
D, = .thedose (mrad) to organ, o, at the SITE BOUNDARY due to iodine and particulate . -

radionuclides in gaseous release, r, discharged from the site during the time interval of interest

Calculate the values of D, for each gaseous release as described below.

b) At CCNPP, two methods exist for calculating D, (the organ doses due to iodines and
particulates resulting from any single release of radioactive gases toan
UNRESTRICTED AREA). S

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

(2) The SImpllf ed 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) Application of the followmg equatlon may prove too ngorous for routine use
unless a computer system and the appropriate software are available.

(2) If a computer system and the appropriate software are available. the organ
doses due to iodines and particulates contained in any single release of
radioactive gases to UNRESTRICTED AREAS shall be calculated in
accordance with equatlon 25G
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DOSE TO ORGAN, o, DUE TO IODINES AND PARTICULATES IN GAS RELEASE, r (RIGOROUS
EQUATION)

Doy = (3.47E8) (W, ) Z (Ripso ) ( Q') Eq. 25G'

D, = thedose (mrem) to organ, o, atthe SITE BOUNDARY due to iodine and particulate
radionuclides in gaseous 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. :

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 (meters-2)

D/Q = the dispersion parameter at the controlling location for long term releases (meters-2)
The value for D/Q has been determined to be 8.63E-10 m-2.2
The grass-cow-milk pathway is the controlling pathway.?

The controlling sector is the south-southwest sector.
The controlling location is at a distance of 4800 meters.?

Ripac = the dose factor for each identified iodins or particulate radipnucliqe, i, exposure pathway, p,
receptor age group, a, and organ, o (m4 mrem/year per microcuries/second or mrem/year per
microcuries/cubic meter)
dose factors have been derived for the following pathways
1) inhalation - see Attachment 12
2) ground plane - see Attachment 12
3) grass-cow-milk - see Attachment 12
4) grass-cow-meat - see Attachment 12

5) vegetation - see Attachment 12

The inhalation pathway dose factors were obtained using the formula from NUREG-0133,
5.3.1.1.

! Equation 25G has been derived from NUREG-0133, 5.3.1.
See CP-607, Revision 2 section 3.4.3.
See the "Land Use Survey", 1990.

w N
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- The ground plane dose factors were obtai.nec.t using the formula from NUREG-0133, 5.3.1.2

' The grass-cow-milk pathway dose factors were obtained using the formula from NUREG-0133,

5.3.1.3.

" The grass-cow-meat pathway dose factors were obtained using the formula from NUREG 0133,

5.3.1.4.

The vegetation pathway dose factors were obtalned using the formula from NUREG-0133,
5.3.1.5. , : ‘

the total (time averaged) actlwty of |od|ne or partlculate radionuclide, i, in gaseous release r,
discharged during the specified tlme lnterval (mlcrocurles)

At CCNPP, all releases are considered long term releases.

Calculate the values of Q; for each release in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF IODINE OR PARTICULATE NUCLIDE i IN GASEOUS
RELEASEr :

Qy

(Alr)('Fr)(tk)(c.') _ ‘ Eq. 19G

the specific activity of iodine and particulate radionuclide, i, in release, r, discharged during the
time interval of interest (microcuries/cubic centimeter)

" the dxscharge flow rate for release r, dlscharged dunng the time interval of interest (cubic

meters per second)

If the discharge flow rate is unknown (e. g the gaseous 'radwaste has not béen released), the

"Maximum Discharge Flow Rate listed on Attachments 7 or 8 may be used to calculate the

average activity for nuclide i.

Additional guidance for calculating discharge flow rates may be contained in approved
CHEMISTRY SECTION procedures. -

the duration of the gaseous radwaste release (seconds)

a conversion constant, 1E6 cubic centimeters per cubic meter

1

(3)  Inthe event a computer system and the appropriate software are unavailable,
. a simplified equation may be used to calculate the organ doses due to
individual gaseous releases. .
(4) The simplified method is presented below.
d) simplified method

(1) If a computer system and approp'riat‘é Ts'eftware\are NOT available to perform
the rigorous organ dose calculations described in the previous section, the
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organ doses due to iodines and particulates in a single release of radioactive
gases discharged to an UNRESTRICTED AREA may be calculated in
accordance with equation 26G.

DOSE TO ORGAN, o, FROM IODINES AND PARTICULATES IN GAS RELEASE, r (SIMPLIFIED
EQUATION)

Drmaxor = [(3.17E-8) (W, ) (R )/ Ky ]1Z (Q') Eq. 26G'

Dmaxor = the maximum dose to any organ, o, due to iodines and particulates contained in any single
release, r, of radioactive gases to an UNRESTRICTED AREA

3.17E-8 = The conversion constant, 3.17E-8, represents the inverse of the number of seconds in a
year.
D/Q = the dispersion parameter at the controlling location for long term releases (meters-2)

The value for D/Q has been determined to be 8.63E-10 m-2.2
The grass-cow-milk pathway is the controlling pathway.?
The controlling sector is the south-southwest sector.

The controlling location is at a distance of 4800 meters.®

Ri.131 = theinfant, thyroid, dose factor for I-131 via the grass-cow-milk pathway (m2 mrem/year per
microcuries/second)

This value is 1.05E12 and it is listed on Attachment 12.

Ks = aconstant, actually a safety factor, which is the ratio of the CCNPP organ dose limit to the
organ dose limit of Control 3.11.2.3, (unitless)

The safety factor chosen shall be less than or equal to 1.00. This ensures the organ dose is
always less than or equal to the organ dose limit of Control 3.11.2.3.

A safety factor of 1.00 will yield an organ dose which corresponds to the organ dose limit of
Control 3.11.2.3.

A safety factor of 0.500 will yield an organ dose which corresponds to one-half the organ dose
limit of Control 3.11.2.3.

It is recommended that a safety factor of 1.0 be used for calculating the organ dose, however,
other values--not to exceed 1.00--may be used as directed by the General Supervisor

Chemistry.
! Equation 26G has been derived from NUREG-0133, 5.3.1.
2 See CP-607, Revision 2 section 3.4.3.

See the "Land Use Survey”, 1990.
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The particular value selected for the safety factor is somewhat arbitrary, however a safety factor

.. does provide plant personnel with a degree of administrative control over the use of srmpllt” ed
_equations for generatlng radioactive gaseous release permits. This administrative control is

designed to minimize the possibility 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 maintain radiation exposures, and releases of radioactive materials in
effluents to UNRESTRICTED AREAS, as low as is reasonably achievable. -

This safety factor has been included in equation 26G to account for any potential
nonconservatism associated with applying the infant, thyroid, grass-cow-milk dose factor, R} 431,
to all radionuclides identified in the gaseous release. Such nonconservatism could conceivable
be present whenever radionuclides having a pathway dose factor greater than R34 are present
in a gaseous release. . .

the total (time averaged) activity of iodine or partlculate radlonucllde i, in gaseous release, r
(microcuries)

At CCNPP, all releases are considered long term releases.

This value shall be calculated in accordance with equation 19G.

TOTAL (TIME AVERAGED) ACTIVITY OF IODINE OR PARTICULATE NUCLlDE i IN GASEOUS

RELEASE r ,
Qe = (A)(F)(t)(c) - Eq.19G
A, = the specific activity of iodine andpartlcula‘te radionuclide, i, in release, r, discharged during the
time interval of interest (mlCI'OCUI'leS/CUblC centlmeter) :
?, = the dlscharge flow rate for release r, dlscharged dunng the time mterval of interest (cubic
meters per second)

' If the dlscharge flow rate is unknown (e.g., the gaseous radwaste has not been released), the
"Maximum Discharge Flow Rate Ilsted on Attachments 7or8 may be used to calculate the
average activity for nuclide i. LT :

Additional guidance for calculating dlscharge flow rates may be contalned in approved
CHEMISTRY SECTION procedures :

tr = the duration of the gaseous radwaste release (seconds)

c' = a conversron constant 1E6 CUbIC centlmeters per cublc meter

e) Once the calculatlons above have been completed the calculatlon results are
compared to the applicable limits and corrective actions are initiated as described
below.

D A N , % - [ o . '

" Corrective actions
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a)

b)

CHEMISTRY SECTION surveillance procedures shall contain/and or reference
administrative and/or Control limits for cumulative organ dose for gaseous effluents
and shall specify corrective actions to be initiated when these limits are exceeded.

Refer to Control 3.11.2.3 for actions to be taken in the event the calculated
cumulative gamma air doses exceed any of the radiological effluent controls listed
above.

LIMITS FOR THE GASEOUS RADWASTE PROCESSING SYSTEM

1. Introduqtion

a)

b)

c)

10 CFR 50.36a requires licensees to maintain and use the equipment installed in the
gaseous waste processing system for the purpose of controlling effluents to the
environment.

Radiological effluent controls have been established to implement the requirements
of 10 CFR 50.36a.

These radiological effluent controls are described below.

2. Radiological effluent controls

a)

b)

d)

The GASEOUS RADWASTE PROCESSING SYSTEM and the VENTILATION
EXHAUST PROCESSING SYSTEM shall be used to reduce radioactive materials in
gaseous waste prior to their discharge when the gaseous effluent air dose, to areas
at and beyond the SITE BOUNDARY, exceeds 1.20 mrads gamma radiation in a 92
day period (per Control 3.11.2.4).

The GASEOUS RADWASTE PROCESSING SYSTEM and the VENTILATION
EXHAUST PROCESSING SYSTEM shall be used to reduce radioactive materials in
gaseous waste prior to their discharge when the gaseous effluent air dose, to areas
at and beyond the SITE BOUNDARY, exceeds 2.4 mrads beta radiation in a 92 day
period (per Control 3.11.2.4).

The VENTILATION EXHAUST PROCESSING SYSTEM shall be used to reduce the
quantity of radioactive materials in gaseous waste prior to their discharge when the
calculated doses due to gaseous effluent releases, to areas at and beyond the SITE
BOUNDARY exceeds 1.80 mrem to any organ in a 92 day period (per Control
3.11.2.4).

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

3. Surveillance Requirement(s)

a)

b)

The cumulative'gamma air dose, for the previous 92 days, due to noble gases in
gaseous effluents, shall be determined at least once every 31 days (Control
4.11.2.2),

The plant group(s) responsible for performing the required surveillance(s) are
identified below.
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4. “Responsible Plant Organizations o S o
a) The CHEMISTRY SECTION is responsible for calculating the cumulative gamma air
* doses for the current calendar month, the prevnous 92 days the current calendar
quarter, and the current calendar year. N
b) The cumulative gamma air dose for the prevnous 92 days is calculated whenever the
approprlate inltlatmg condltlons are present :
c) These initiating condmons are contalned in the’ followmg sectlon
“5. - _Initiating conditions
a) For a listing of |n|t|atmg conditions associated with calculating gamma air doses, see
"Initiating Conditions" in the section of the ODCM titled, "Cumulative Gamma Air
Doses Due To Noble Gases In Gaseous Effluents.”
b) . Foralisting of mntnatmg conditions associated with calculating beta air doses, see
"Initiating Conditions" in the section of the ODCM titled, "Cumulative Beta Air Doses
Due To Noble Gases In Gaseous Effluents.”
c) For a hstung of |mt|atmg oortd'ltlons assomated WItﬁtéaIAculatlng cumulatlve organ
doses, see "Initiating Conditions” in the section of the ODCM titled, "Cumulative
‘ Organ Doses Due To lodlnes And Partlculates In Gaseous Efﬂuents
“6. 'Calculatlon methodology '~

Calculate the previous 92 -day cumulatlve gamma air dose as described in the
sectlon "Cumulatlve Gamma A|r Doses Due To Noble Gases In Gaseous Effluents."

' Caloulate the prewous 92 day cumulatlve 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 Effluents.”
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Corrective actions

a)

b)

CHEMISTRY SECTION surveillance procedures 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 initiated 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 air, beta air, or organ doses exceed any of the radiological
effluent controls listed above.

LIMITS ON TOTAL ANNUAL DOSE -- GASES, LIQUIDS, AND URANIUM FUEL CYCLE SOURCES

1.

Introduction

a) 40 CFR 190 specifies annual dose limits for radionuclides released to the
environment.

b) Radiological effluent controls have been established to implement the requirements
of 40 CFR 190.

c) These radiological effluent controls are described below.

Radiological effluent controls

a) The total body dose from exposure to the combination of liquid releases, gas
releases, and uranium fuel cycle sources shall be less than 25 mrem for the current
calendar year (per Control 3.11.4).

b) The organ dose (for the maximum exposed organ, not including the thyroid) from
exposure to the combination of liquid releases, gas releases, and uranium fuel cycle
sources shall be less than 25 mrem for the current calendar year (per Control
3.11.4). .

c) The thyroid dose from exposure to the combination of liquid releases, gas releases,
and uranium fuel cycle sources shall be less than 75 mrem for the current calendar
year (per Control 3.11.4).

d) The routine surveillances which are performed to verify compliance with these

radiological effluent controls are described below.

Surveillance Requirements

a)

b)

The cumulative gamma air doses, for current calendar month, the current calendar
quarter, and the current calendar year, due to noble gases in gaseous effluents, shall
be determined at least once every 31 days (Control 4.11.2.2).

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).

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).
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Cumulative 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 calculated at least once per 31 days (per Control
4.11.1.2). :

The direct radiation dose to MEMBERS OF THE PUBLIC exposed to uranium fuel
cycle sources (i.e., reactor units and outside storage tanks) shall be determined IF

: THE APPROPRIATE INITIATING CONDITIONS ARE PRESENT

Responsnble Plant Organlzatlon(s)

a)
b)

c)

d)

~ The CHEMISTRY SECTION is responsible for |mplementlng the efﬂuent
"~ surveillances required by Control 4.11.4.1.

The CHEMISTRY SECTION is responsible for ensunng lmplementatlon of the dlrect
radiation surveillances reqmred by Contro! 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.

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 to the total body

(2) Twelve (12) mrem per calendar year to the total body

(3) Twenty (20) mrem per quarter to any organ o

(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 following (per Control 4.1 1.4.2).

(1) Twenty (20) mrad gamma per quarter
(2) Forty (40) mrad gamma per calendar year

(3)  Forty (40) mrad beta per quarter

L @) Elghty (80) mrad beta per calendar year

" The total dose from liquid releases gas releases, and uranium fuel cycle sources

shall be determined whenever the calculated organ doses from iodines and

o partlculates in gaseous efﬂuents exceed any of the followmg (per Control 4, 11 4 2):

o (1) Thirty (30) mrem per quarter to any organ

"(2) ' Sixty (60) mrem per calendar year to any organ
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d) Whenever 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

Dwar = DroL + Dgt + Drark Eq. 1T

TOTAL ORGAN DOSES FROM LIQUID RELEASES, GAS RELEASES, AND URANIUM FUEL CYCLE
SOURCES

Doan = DroL + Dot + Diank Eq. 2T

Dpat = the dose (mrem) to total body resulting from the combination of all gas releases, all liquid
releases, and all uranium fuel cycle sources.

Doay = the dose (mrem) to organ, o, resulting from the combination of all gas releases, all liquid
releases, and all uranium fuel cycle sources.

Separate values shall be calculated for each of the organs listed below:
1. bone

liver

thyroid

kidney

lung

o a koD

Gl tract
Dyou = 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.

Dg = the site-boundary cumulative gamma air dose (mrad) due to noble gas radionuclides contained
in all gaseous radwaste discharged from the site during the time interval, t

Calculate this value as specified by equation 17G, except substitute K; for M; (see Attachment
10).
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the site-boundary cumulative organ dose (mrem) resulting from the release of iodine and
" particulate radionuclides in gaseous releases from the site

Calculate this value as specified by equation 24G.

the calendar-year cumulative dose (mrem) to the maximum exposed MEMBER OF THE
PUBLIC due to direct radiation from the reactor units and outside storage tanks

This value shall be based on the results of direct radiation measurements from TLDs or
continuous dose rate instruments placed near the SITE BOUNDARY (e.g., from radiological
environmental monitoring sites DR1-DR9 described on Attachment 13 and shown on
Attachment 18).

The CHEMISTRY SECTION, and the Radiation Safety Section are responsnble for determining
this value.:

b) Compare the calculated values to the rad|olog|cal efﬂuent controls (listed in this
section), and if any of the radiological effluent controls have been exceeded, perform
the appropriate corrective actions listed below.

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 specnfy corrective actions to be
initiated when these limits are exceeded

b) Refer to Control 3 11 4 for actrons to be taken in the event the total dose exceeds
any of the radiological effluent controls listed above.

c) If any of the radrologrcalefﬂdent corrtrols have been exceeded, refer to 40 CFR 302,
Appendix B, and verify the quantities of radioactive materlals released are less than
the values specn‘ ed. [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 feet from the plant.
b) Occupancy
(1) Camp Conoy is frequently visited by MEMBERS OF THE PUBLIC.

(2)  Maximum occupancy for MEMBERS OF THE PUBLIC at Camp Conoy is
restrlcted to approximately 3380 hours per year.

c) Meteorology

(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 special considerations are required for addressing potential exposure at
Camp Conoy.

2. Visitor's Center
a) Location
(1) The Visitor's Center is located within the SITE BOUNDARY.
2) The 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.

(2) Maximum occupancy for MEMBERS OF THE PUBLIC at The Visitor's Center
is restricted to daylight hours.

c) Meteorology

! See CP-607, Revision 2 page 24.
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d)

()

- The highest historical annual average x/Q for the Visitor's Center is 8. 68E-6

seconds per cubic meter.!.

The wind frequency for the WNW sector, based on 1983 meteorological data,
is four percent (4%).!

Dose calculatlon assumptlons

(1)

@

©)

)

"Using a conservative ba5|s of 10% wnnd frequency, and individual visiting the

* center for 330 hours/year during the penods of worst case meteorological

conditions would be most highly exposed.™

The dose calculated for the controlllng SITE BOUNDARY is more
conservative by a factorof 7.'

- 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.

* No special considerations are requ1red for addressmg potential exposure at

The Visitor's Center.

! 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 between quantities of radioactive material released in effluents and
resultant radiation doses to individuals.

b) Radiological environmental controls have been established to implement the
requirements of 10 CFR 50, Appendix I, Section IV.B.2,
c) These radiological environmental controls are described below.
2. Controls on the Radidlogical Environmental Monitorihg Program (REMP)

a) The REMP shali consist of envfronmental sample locations, analysis parameters,
analysis frequencies, detection limits, and ACTION levels all of which conform to the
requirements of Control 3.12.1. (See Attachment 13, 14, 15, 16, and 17).

b) The REMP shall maintain a map showing sample locations near the SITE
BOUNDARY in accordance with Control 3.12.1. (See Attachment 18).

c) The REMP shall maintain a map showing sample locations within a 8 km. radius of o
the plant in accordance with Technical Specification 5.6.2. (See Attachment 19). S
(=]
3. Surveillance Requirements
a) Surveillances for direct radiation

)] 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 become unavailable, establish new monitoring stations (with
new dosimetry) as described below:

(a) In lieu of any location DR1-DR9 described on Attachment 13,
establish a new monitoring station in the same meteorological sector
in the general area of the SITE BOUNDARY.

(b) In lieu of any location DR10-DR18 described on Attachment 13,
establish a new monitoring station in the same meteorological sector
in the 6-8 km range from the site.

(c) In lieu of any location DR19-DR23 described on Attachment 13,
establish a new monitoring station in either a special interest area

This portion of the environmental monitoring program is designed to monitor the environment surrounding the
CCNPP. A separate environmental monitoring program designed to monitor the environment surrounding the
Independent Spent Fuel Storage Installation is described elsewhere in the ODCM.
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b)

©)

(4)

©)

(e.g., population center, nearby resndence school) or a control station
whlchever Is apphcable

In the event any dosimetry at an ex1stmg monitoring location DR1-DR23

becomes unavailable, place new dosimetry at the monitoring station.

Analyze the dosnmeters at the frequencnes and for the parameters identified
on Attachment 14.

The sampling locatlons(s) excludlng 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 airborne activity

()

)

Radioiodine and particulate samples shall be collected from locations A1-AS
listed on Attachment 13.

In the event any of the monitoring stations, A1-AS, described on Attachment

13 become unavailable, establish new monitoring station(s) (fitted with new
radioiodine and particulate samplers) as described below:

(a) In lieu of any location A1-A3 described on Attachment 13, establish a
: new monitoring station in the general area of the SITE BOUNDARY
. such that the three monitoring stations are located in the
meteorological sectors with the three highest calculated annual
average ground level D/Q.

" (b)  Inlieulocation A4 described on Attachment 13, establish a new

monitoring station near a community having the highest calculated
annual average ground level D/Q.

(c) In lieu of location A5 described on Attachment 13 establish a new
.. "control” location 15 to 30 kllometers from the plant in the least
_ prevalent wind direction. * -

e
’ 2
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d)

(3)

(4)

)

In the event any radlmodlne cartndge or partlculate filter becomes
unavailable from an existing monitoring location A1-A5 described on
Attachment 13, place new radioiodine cartridge or particulate filter in the air
sampler at the monitoring station.

Analyze the samples at the frequencies and for the parameters identified on
Attachment 15.

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 of waterborne activity

(1)

()

()

(4)

Water and sediment samples shall be collected from the locations Wa1, Wa2,
and Wb1 listed on Attachment 13.

In the event any of the samples at Wa1, Wa2, or Wb1 are unavailable, collect
substitute samples as described below:

(a) In lieu of a liquid sample at Wa1, collect a substitute sample of
. surface water from the intake area.

(b) In lieu of a liquid sample at Wa2, collect a substitute sample of
surface water from the discharge area.

(c) In lieu of sample at Wb1, collect a substitute sample of sediment from
a downstream shoreline with existing or potential recreational value.

Analyze the samples at the frequencies and for the parameters identified on
Attachment 16.

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 ingestible activity

(1)

)

Fish/invertebrate, milk, and food product samples shall be collected from the
locations la1 thru la6 and Ib1 thru 1b9 listed on Attachment 13.

In the event any of the samples at la1 thru 1a6 or Ib1 thru Ib9 are unavailable,
collect substitute samples as described below:

(a) In lieu of samples at la1 thru 1a3, collect substitute three commercially
and/or recreationally important species (two fish species and one
invertebrate species) from the vicinity of the plant discharge area.
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(b)- Inlieu of samples at la4 thru a6, collect three commercrally and/or
* recreationally important species (two fish species and one
invertebrate species) from an area not influenced by plant discharges.

(c) In lieu of samples at Ib1 thru 1b6, collect three kinds of broad leaf
vegetation grown near the SITE BOUNDARY at two different
locations of highest average ground level D/Q".

(d) In lieu of samples at b7 thru Ib9, collect one sample each of the
similar broad leaf vegetation grown 15-30 km distant in the least
prevalent wind direction.

(3) Analyzethe samples at the frequencres and for the parameters identified on
Aftachment 17.

(4) The sampling locations(s), excluding the control station location, having the
lowest calculated dose or dose commitment(s), via the same exposure
pathway, may be deleted from the Radiological Environmental Monitoring
Program after October 31 of the year in which the land use census was
conducted in accordance with Control 3.12.2.b.

-4, Responsible Company Orgamzatlons -

a) The CHEMISTRY SECTION CCNPPI is responsrble for ensunng performance of the
surveillances listed above. -

5. Initiating conditions
a) Collect samples in accordance wnh the frequencues specified on Attachments 14, 15,
- 16, and 17. ‘
b) Analyze samples in ‘accordance with the frequencues specified on Attachments 15,
16, and 17. .
c) . ‘Calculate the potential annual doses in accordance_ with the methodology outlined

below if any of the followmg conditions are true:

(1) anyof the above'surveillance resdlts reveal‘levels of environmental activity
greater than the ACTION Levels specified on Attachments 15, 16, 17 (per
Control Table 3.12-2)

(2) any radionuclides other than those in Attachments 15, 16, and 17 are
detected, and the radionuclides are the resuit of plant effluents.

d) The REMP Manager is responsible for notifying the General Supervisor--Chemistry,
CCNPP, if any of the following conditions are true:

(1) any of the above surveillance results reveal levels of environmental activity
greater than the ACTION Levels specified on Attachments 15, 16 17 (per
Control Table 3.12-2)

! With fresh leafy vegetable samples unavailable from one or more of the sample locations listed on

Attachment 13, perform corrective actions specified by Control 3.12.1.c.
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(2) any.radionuclides other than those in Attachments 15, 16, and 17 are
detected, and the radionuclides are the result of plant effluents, and the
potential annual doses due to the radionuclides are greater than the calendar
year limits of Controls 3.11.1.2, 3.11.2.2, and 3.11.2.3.

Calculation methodology

a)

b)

If the correct initiating conditions, as described above, are present, calculate
potential annual doses for the pathway of interest in accordance with the
methodologies contained in ODCM, or

if methodologies other than those listed in the ODCM are used to calculate potential
annual doses, such methodologies shall be documented in the AREOR in
accordance with Control 3.12.1.b. '

Corrective ACTIONS

a)

b)

If a sample is unobtainable due to sampling equipment malfunction, then attempt to
restore equipment to operable status before the end of the next sampling period, and
document in the AREOR (per Control 4.12.1, Table 3.12-1, notation "a").

If the RADIOLOGICAL ENVIRONMENTAI;'MONITORING PROGRAM is not being
conducted in accordance with Attachments 13, 14, 15, 16, or 17 document
deviations in the AREOR (per Control 3.12.1 ).’

With fresh leafy vegetable samples unavailable from one or more of the sample
locations listed on Attachment 13, establish a new monitoring location and document
applicable information in the AREOR (per Control 3.12.1.c).

When the analysis result for any parameter exceeds the ACTION Level 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 radionuclides are the result of plant effluents; and if the
potential annual doses due to the radionuclides are greater than the calendar year
limits of Controls 3.11.1.2, 3.11.2.2, and 3.11.2.3; submit a Special Report in
accordance with Control 3.12.1.b.
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LAND USE CENSUS -

1. Introduction o , - _
a) 10 CFR 50, Appendlx I, Section IV.B.3 requnres licensees to ldentlfy changes in the

:b)

o

use of UNRESTRICTED AREAS in order to permit modifications in monitoring
programs. ' ‘ B

Radlologlcal envnronmental controls have been estabhshed to implement the
requirements of 10 CFR 50, Appendix I, Section IV.B.3.

These radiological environmental controls are described below.

Controls on the Land Use Cehsus

a)

b)

c)

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).

Ideritify the location 6fAthe' heares‘t: :'r'esidence, within a distehce of 8 km of the plant
site, in each of the 9 meteorological sectors (per Control 3.12.2).

Identify the location of the nearest garden within a distance of 8 km of the plant site,
in each of the 9 meteorological sectors; or 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) .

a)

‘-b)

c)

Perform a land use census that will provide the best results. Example methods may
include, but are not limited to, the followmg

(1) | door—to-doorsurveys '\

(2) aerial views

. (3) . consult local agricultural authorities .

" Document the results of the land use census in the Annual Radiological
-Environmental Operating Report in accordance with Technical Specification 5.6.2.

Perform an Independent Technical Review of the land use census data.

Responsible Company Organizations

a)

The Chemistry Section, CCNPPI, is responsible for ensuring the performance of the
surveillances listed above.

£002/10
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Initiating conditions

a)

Conduct the land use census during the growing season, and conduct the land use

, census at least once per 12 months.

Calculation methodology

a)

b)

Calculate doses for the pathways of interest in accordance with the methodologies
contained i |n Regulatory Guide 1.109, or

_if methodologies other than those listed in Regulatory Guide 1.109 are used to

calculate doses, stich methodologies should be documented in the Annual
Radiological Environmental Operating Report.

Corrective acuons

a)

b)

" The results of the land use census shall be used to determine the RADIOLOGICAL

ENVIRONMENTAL MONITORING Programs sample locations identified on
Attachment 13.

If the land use census has identified a Iocatlon(s) that yields a calculated dose or
dose commitment greater than the values currently being calculated in Control
4.11.2.3, perform the followmg actlvmes

(1) Document the new location(s) i in the next Annual Radiological Environmental
Operating Report in accordance with 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 Iocation(s)‘ that yields a calculated dose or
dose commitment (via the same exposure pathway) which is 20% greater than the
equivalent location identified on At_tachment 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(é) in the next Annual Radiological Environmental
Operating Report in accordance with Technical Specification 5.6.2, and

(3) revise the figures and tables in the ODCM to reflect the new location(s).

£00z/20

£002/L0
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INTERLABORATORY COMPARISON PROGRAM .

1. Introduction
a) 10 CFR 50, Appendix |, Section IV.B.2 requires licensees to establish an
- environmental surveillance and monitoring program for the purpose of evaluating the
-relationship between quantities of radioactive material released in effluents and
resultant radiation doses to individuals.
b) Radlologlcal envuronmental controls have been establlshed to ensure that
independent checks on the precision and accuracy of the measurements of
radioactive material in environmental sample matrices are performed as part of the
quality assurance program for environmental monitoring.”
c)  These radiological environmental controls are described below.
2. Controls on the Interlaboratory Companson Program
a) Analyze INTERLABORATORY COMPARISON PROGRAM samples supplied by
either the Commission or a Commission approved laboratory for all parameters listed
on Attachments 15, 16, andlor 17, as appllcable (per Control 3.12.3).
3. Surveillance Requnrement(s) o .
‘a) .. - A summary of the results obtalned as part of the lnterlaboratory Companson
Program shall be included in the Annual Radiological Environmental Operating
Report pursuant to Techmcal Specnf‘ catlon 5.6. 2 |§
b) This section of the ODCM shall descrlbe the lntenaboratory Comparnson Program. g
4, Responsible Company Organizations
a) The CHEMISTRY SECTION, CCNPPI, is responsnble for ensuring performance of
.. the surveillances listed above.
5. Initiating conditions
a)  Analyze INTERLABORATORY COMPARISON PROGRAM samples whenever they
are supplied by either the Commission or a Commission approved laboratory.
6. Calculatlon methodology
a)  Analysis methods and calculatlonal methodologles sed to satlsfy the above
_ surveillances shall be documented in approved procedures.
7. Correctlve actions , N . S ..
a) If analyses are not performeclas reqmred document actlons taken to prevent
reoccurrence in the Annual Radiological Envnronmental Operatlng Report (AREOR) §
- pursuant to Technical Specification 5.6.2. © . . l§

o~

Since no Commission approved laboratory supplies TLDs as part of a companson program, no TL.Ds are
. analyzed as part of the INTERLABORATORY COMPARISON PROGRAM
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ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

1.

Introductlon

a) 10 CFR 50 Appendlx I, Section IV.B.2 requires llcensees to provide data on
measurable levels of radiation and radioactive materials in the environment.

b) Radiological environmental controls have béen established to implement the
requirements of 10 CFR 50, Appendix ". Section IV.B.2.

c) These radiological environmental controls aré described below.

Controls on the Annual Radiological Environmental Operating Report (AREOR)

a)

b)

c)

d)

a)

h)

)

k)

The AREOR shall Include a summary descnptlon of the radiological environmental
monitoring program (REMP).

The AREOR shall include a summary descriptioh'of the Independent Spent Fuel

" 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 the two containment buildings to each of
the REMP sample pomts

The AREOR shall mclude a table similar to Attachment 20 which states the distance
and direction from the central point of the ISFSI to éach of the ISFSIMP sample
points. .

The AREOR shall include summaries, interpretations, and an analysis of trends of
the results of the radiological environmental surveillance activities for the report
period.

The AREOR shall include 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 results and

Radiological Environmental Operating Report pre-fuel-load studies.

The AREOR shall include a comparison with operational controls as appropriate.

The AREOR shall include a comparison with the previous environmental surveillance
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.

The AREOR shall include the results of the land use censuses required by Control
3.12.2.
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m)

n)

0)

p)

q)

9

L u)

y)

~“The AREOR shall include the results of analysis of all radiological envnronmental

samples taken during the period pursuant to the locations specifi ied on Attachments
13 and 20. _

.. The AREOR shall include the results of all environmental radiation measurements
- taken during the period pursuant to the locations spec1f' ied 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 analysis of all radiological environmental samples taken during
the period pursuant to 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 1979--of all environmental radiation measurements taken during the
period 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 at least two legible maps*covering all REMP sampling
locations keyed to a table giving distances and directions from the central point
between the two containment buildings

The AREOR shall lnclude at Ieast one leglble map coverlng all ISFSIMP sampling
locations keyed to a table giving distances and directions from the central point of
the ISFSI.

... The AREOR shall mclude results of the Iicensee partncnpation in the

INTERLABORATORY COMPARISON PROGRAM required by Control 3.12.3.

The AREOR shall include a discussion of all deviations from the sampling schedules
listed on Attachments 14, 15, 16, and 17, and specify the reason(s) for the
deviations, and the plan for preventing recurrence.

The AREOR shall include a discussion of all analyses in which the LLD listed on
Attachments 15, 16, and 17 (and required by Control Table 4.12-1) was not
achievable.

The AREOR shall include the identification of the cause of unavailability of samples
(if any), and describe the locations used for replacement samples.

The AREOR shall include any permanent changes in the sample locations in the
monitoring program.

One map shall cover stations near the SITE BOUNDARY; a second shall include the more distant stations.
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z) The AREOR shall include revised figure(s) (e.g., like Attachments 18 and 19) and
tables (e.g., like Attachment 13) for the ODCM which reflect any new REMP sample
location(s).

aa) The AREOR shall include revised fi igure(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 locatlon(s)

bb)  The AREOR shall receive an independent review for technical content prior to
submlttal to the NRC.

cc)  Material provided in the AREOR shall be consistent with the objectives outlined in
the ODCM and 10 CFR 50, Appendix I, Section 1V.3.2, IV.3.3 and IV.C.

3. Surveillance Requirement(s)

a) Write the Annual Radiological Environmental Operating Report covering the previous
calendar year's operation of the reactor units.

4, Responsible Company Organizations

a) The Chemistry Section, CCNPPI is responsible for ensuring the performance of the
surveillances listed above'.

5. Initiating conditions
a) Submit the Routine AREOR (coverihg operation of the reactor units for the previous
calendar year) of each year in accordance with Technical Specification 5.6.2.
6. Calculation methodology
a) Calculational methodologies used to satisfy the above surveillances should be

documented in approved procedures, or should be included in the AREOR.

A separate company may be contracted to complete the Routine AREOR.

€0U2IL0
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7. Corrective actions -

a) If analyses are not performed as required. deeement actions taken to prevent
reoccurrence in the AREOR pursuant to Technical Specification 5.6.2.

INDEPENDENT SPENT FUEL STORAGE INSTALLATION MONITCRING PROGRAM

1. Introduction
a) . The Technical Specifications for the Independent Spent Fuel Storage Installation®
. (ISFSI), licensed under 10 CFR 72, require that monitoring for the ISFS| be added to
the existing environmental monitoring program for CCNPP.
b)  CCNPP has committed to additional monitoring for the ISFSI.2

c) Radiological environmental controls have been established to implement the
requirements and commitments described above.

dy These radiological environmental cont.rols are described below.

.2 Controls on the ISFS! Monitoring Program
a) Environmental mem'torlln'g eltee as described in Attachment 20, shall be established
o to monitor the air, vegetation, and soil as well as direct radiation in the ISFSI

environs.?

. b) . Analysis parameters, analysis frequencies, detection limits, and ACTION levels shall
conform to the applicable requirements of Controls 3.12.1. (See attachment 14, 15,

16, and 17)
c) | Map(s) shall be malntamed and shall show the locations of the environmental
monltorlng sites with respect to plant facilities. (See attachment 21 and 22).
3. Survelllance Reqmrements .
a) Surveillances for direct radlatlon

1) Direct radiation dOSImetry shall be collected from locations SFDR1-SFDR16,
. DR7, and DR30 listed in Attachment 20

(2) In the event any dosnmetry at an exnstmg monltonng location SFDR1-
SFDR16, DR7, or DR30 becomes unavailable, place new dosimetry at the
monitoring station.

The Technical Specifications For Calvert Cliffs Independent Spent Fuel Storage Installation is Appendix "A" to
Materials License SNM-2505.

See the letter titled "Response to NRC's Comments to Environmental Issues Regarding BGE's License
Application for Calvert Cliffs Independent Spent Fuel Storage Installation (ISFSI)" from Mr. R. E. Denton
(BGE) to Director, Office of Nuclear Material Safety and Safeguards (NRC), dated November 1, 1990.
Environmental monitoring sites and monitoring parameters specifically excluded from the ISFSIMP include
airborne radioiodines, radioiodines in food products, surface water, and fish and invertebrates. Additionally,
soil samples shall be collected in lieu of shoreline sediment. The sampling frequency for vegetation and soil
shall be quarterly.
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(3) Analyze the dosimeters at the frequencies and for the parameters identified
on Attachment 14,
b) Surveillances for airborne particulate activity

(1) Air particulate éémples shall be collected from locations A1 and SFA1-SFA4
listed on Attachment 20.

(2) In the 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 frequencies 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) In the event any of the sampling sites SFb1-SFb5 described on Attachment
20 become unavailable, establish new sampling sites as described below:

(a) In lieu of sample 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 ISFSL.

(d) In lieu of sample SFb4, collect vegetation grown in the South-
Southeast sector of the ISFSI. '

(e) In lieu of sample SFb5, collect vegetation grown in the East-Southeast
sector of the ISFSI.

(3)  Analyze the samples quarterly for the non-iodine parameters identified under
"Food Products” on Attachment 17.
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‘Surveillances for soil activity

' (1) The soil samples SFS1-SFSS shall e collected from the locations listed on
Attachment 20.

‘ (2) . Inthe event any of the sampliné sifeé SFS1-SFS5 described on Attachment
20 become unavailable, establish new sampling sites as described below:

(@)  Inlieu of sample SFS1, collect soil in the NW sector of the ISFSI.

(b) In lieu of sample SFS2, collect soil in the general vicinity of the
CCNPP Visitor's Center. :

(c) .In lieu of sample SFS3 collect soil in the North North West sector of
the ISFSI.

(d) In lieu of sample SFS4, collect soﬂ in the South-Southeast sector of
" the ISFSI.. : .

(e) In lieu of safnple SFS’S, collect soil in the East-Southeast sector of the
ISFSI.

-(3).  Analyze the samples quarterly for the parameters identified under "Shoreline
Sediment Sample” on Attachment 16.

Responsible Company Organizations

a)

The CHEMlSTRY SECTION CCNPPI is responsnble for ensuring the performance
of the surveillances listed above )

Initiating conditions

a)

b)

c)

d)

Collect samples in accordance with the frequencies Sb‘éciﬁed on Attachments 14, 15,
- 16, and 17. Soil and vegetation samples shall be collected quarterly.

Anélyze sarhples in accordarice with,the frequenciés spécﬁﬁed on Attachments 14,
15, 16, and 17. Soil and vegetation samples shall be analyzed quarterly.

Calculate the potential annual doses in accordance with the methodology outlined
elsewhere in this section if any of the following conditions are true:

(1) any of the above surveillance results reveal levels of environmental activity
greater than the ACTION Levels specified on Attachments 14, 15, 16, and
17, as appropriate. (per Control Table 3.12-2), or

(2) any radionuclides other than those listed on Attachments 14, 15, 16, and 17
are detected, and the radionuclides are the result of plant effluents or
radionuclide deposition from the ISFSI, and the potential annual doses due to
the radionuclides are greater than the limits listed in Control 3.12.1.b.

The Chemistry Section, CCNPPI, is responsible for notifying the General Supervisor-
-Chemistry, CCNPP, if any of the following conditions are true:

€00Zlz0 €002/20
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(1) any of the above surveillance results reveal levels of environmental activity
greater than the ACTION Levels specified on Attachments 14, 15, 16, and
17, as appropriate (per Control Table 3.12-2), or

(2)  any radionuclides other than those in Attachments 14, 15, 16, and 17 are
detected, and the radionuclides are the result of plant effluents or
radionuclide deposition from the ISFSI, and the potential annual doses due to
the radionuclides are greater than the limits listed in Control 3.12.1.b.

Calculation methodology

a)

b)

If any (of the above) surveillance results reveal levels of environmental activity
greater than the ACTION Levels specified on Attachments 14, 15, 16, or 17 (per
Control Table 3.12-2), calculate potential annual doses for the pathway of interest, in
accordance with the methodologies contained in Regulatory Guide 1.109.

If methoddlééiés other than those listed in Régulafory Guide 1.109 are used to
calculate potential annual doses, such methodologies shall be documented in
accordance with Control 3.12.1.b.

Corrective actions

a)

b)

c)

d)

If a sample is unobtainable due to sampling equipment malfunction, then attempt to
restore equipment to operable status before the end of the next sampling period, and
document in the AREOR.

If the ISFSIMP is not being conducted in accordance with the "Surveillance
Requirements" listed elsewhere 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 appropriate, 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 when those radionuclides are the result of plant effluents or
radionuclide deposition from the ISFSI, submit a Special Report if required by and in
accordance with Control 3.12.1.b.
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' RADIOACTIVE EFFLUENT RELEASE REPORT -+~ - =

INTRODUCTION

1.

2.

Technical Specnf ication 5.6.3 requnres submlttal ofa wntten report to the NRC every 12
months. Sl

The report is described below.

RESPONSIBILITIES

1.

The General Supervisor Chemistry i is responsxble for the tlmely and accurate completion of
the report. :

REPORT CONTENTS

1.

The Radloactlve Efﬂuent Release Report (RERR) coverlng the operatlon of the unit shall be
submitted every 12 months in accordance w1th 10 CFR 50. 36a

The RERR shall include a summary of the quantities of radloactlve liquid and gaseous
effluents and solid waste released from the units. The material provided shall be consistent
with the objectives outlined in the ODCM and in conformance to 10CFR50.36a and

" 10CFR50, Appendix I, section IV.B.1: Principle Gamma Emitters from Batch Waste

Releases and Turbme Building Sump shall be analyzed and included in this report pursuant
to Table Notation c of Control Table 4.11-1, "Radioactive Liquid Waste Sampling and

" Analysis Program.” 'In addition, Principal Gamma Emitters from the Waste Gas Storage

Tank, Containment Purge and Vent, and the Main Vent shall be analyzed and included in
this report pursuant to Table Notation b of Controls Table 4.11-2, "Radioactive Gaseous

Waste Sampling and Analysis Program.” Additional information which may be required in
the report is contained in Controls 3.3.3.9.b, 3.3.3.10.b and Technical Specification 5.6.3.

The RERR shall include an annual summary of hourly meteorological data collected over
the previous year. This annual summary may be either in the form of an hour-by-hour listing
on magnetic tape of wind speed, wind direction, atmospheric stability, and precipitation (if
measured), or in the form of joint frequency dlstnbutlons of wind speed, wind direction, and
atmospheric stability.! This same report shall include an assessment of the radiation doses
due to the radioactive liquid and gaseous effluents released from the unit or station during

- the previous calendar year. The assessment of radiation doses shall be performed in

accordance with the methodology and parameters in the OFFSITE DOSE CALCULATION
MANUAL (ODCM).

The RERR shall also include an assessment of radiation doses to the likely most exposed
MEMBER OF THE PUBLIC from reactor releases and other nearby uranium fuel cycle
sources, including doses from primary effluent pathways and direct radiation, for the
previous calendar year to show conformance with 40 CFR Part 190, Environmental
Radiation Protection Standards for Nuclear Power Operation. Acceptable methods for
calculating the dose contribution from liquid and gaseous effluents are given in Regulatory
Guide 1.109, Rev. 1, October 1977, and NUREG-0133, "Preparation of Radiological Effluent
Technical Specifications for Nuclear Power Plants.”

In lieu of submission with the Radioactive Effluent Release Repont, this summary of required meteorological

data may be retained on site in a file that shall be provided to the NRC upon request.

£00Z770
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5. The RERR shall include the following information for each class of solid waste (as defined
by 10 CFR Part 61) shipped offsite during the report period:
a. Container yolume,
b. Total curie quantity (specify whether determined by measurement or estimate),
c. Principal radionuclides (specify whether determined by measurement or estimate),
d. Source of waste and processing employed (e.g., dewatered spent resin, compacted
dry waste, evaporator bottoms),
e. Solidification agent or absorbent (e.g., cement).
6. The RERR shall include a list and description of unplanned releases from the site to
UNRESTRICTED AREAS of radioactive materials in gaseous and liquid effluents made
during the reporting penod

7. The RERR shall include any changes made dunng the reportlng period to the OFFSITE
DOSE CALCULATION MANUAL (ODCM) and a listing of new locations for dose
calculations identif‘ ed by the annual land use census pursuant to Control 3.12.2.

8. The RERR shall tnclude any changes made dunng the reporting period to the PROCESS
CONTROL PROGRAM (PCP)" The report shall contain:

a. A description of the equipment components and processes involved.
b. Documentatlon of the fact that the change, including the safety analysis, was
reviewed and found acceptable by the POSRC.
REPORT SUBMITTAL
1. Prior to submittal a lndenendent Technical Review will be performed.

2, The RERR will be submitted every 12 months in accordance with 10 CFR 50.36a and 50.4.

Licensee initiated changes to the PCP shall become effective upon review by the POSRC and approval of the
Plant General Manager.
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ADMlNISTRATION OF THE ODCM

INTRODUCTION

1.

Procedures covering the ODCM and the implementation of the ODCM shall be
lmplemented

2. ' Administrative controls have been estabhshed to |mplement controls on the ODCM.
3. These admlnlstratlve controls are descnbed below
CONTROLS ON THE ¢ ODCM o o

1. The format, organization, content and admlnlstratlon of the ODCM are controlled by CH-1-
103.

2. Methodologies 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 approvmg and maintaining procedures
which implement the requirements of the ODCM.) _

3. The main vent stack flow rates shall be verified in accordance with the survelllances
described in the following section, “Surveillance Requirements”.

4, Licensee initiated changes to the ODCM:

a)  Shall be documented and records of revnews perfom1ed shall be retamed Thls
documentation shall contain -

(1) Sufficient information to support the change(s) together with the appropriate
analyses or evaluatlons justlfylng the change(s)

(2) A determlnatlon that the change(s) mamtaln 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 |, and not adversely impact the
accuracy or reliability of effluent dose, or setpoint calculations;

b) Shall become effective upon rewew by the onsute review functlon and approval of the
plant manager and

c) Shall be submltted to the NRC in the form of a complete leglble copy of the entire
ODCM as part of or concurrent with the Radioactive Effluent 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.
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_ SURVEILLANCE REQUIREMENTS

1. Complete audits and PERIODIC REVIEWS of the ODCM in accordance with CH-1-103.
2. Determine main vent stack flow rates for both units as described below.

a) The main vent stack flow rate shall be determined, in accordance with approved
procedures, at least once per 6 months (+ 25%).

b) The Electrical and Control Section shall be responS|ble for performing thls test.

c) The results of the main vent flow rate test shall be evaluated to ensure the main vent
flow rates used in the ODCM are an accurate reflection of the true main vent flow
rates.

d) IFthe 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 techmcal evaluation shall be initiated to
determine if the ODCM should be revised."

RESPONSIBLE COMPANY ORGANIZATIONS

1. CH-1-103 identifies the responsibilities of various personnel and company organizations
- which administer and implement the ODCM. This section of the ODCM identifies company
organizations which are assigned responsibility for implementing the surveillances described
above.

2. The Electrical and Control Section is responsible for enshring the main vent stack flow rate
test procedure (e.g., STP-M-461-1, STP-M-461-2 or equnvalent) is completed in accordance
with the survelllances listed above.

3. The Electrical and Control Sectlon is responsnble for forwarding main vent stack flow rate
test results to the General Supervisor - Chemistry.

4. The RETS Program Manager, CCNPPI CHEMISTRY SECTION, is responsible for
evaluating main vent flow rate test results (e.g., STP-M-461-1, STP-M-461-2 or equivalent
results) and for performlng the technical evaluatlon described in the above surveillances.

INITIATING CONDITIONS

1. Main vent stack flow rates shall be determined at least once per 6 months (+ 25%), or more
often if required by Controls.

2. Complete PERIODIC REVIEWS of the ODCM as spéciﬁed in CH-1-103.

€002/L0
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- ‘CALCULATION METHODOLOGIES - - - ===

1. Calculational méthodologies used to satisfy the above surveillances should be documented
in approved procedures.

2. Documents which serve as a basis for calculation methodologies used in the ODCM should
be maintained in an accessible location.

(1) Supporting documents may be incorpdrated into the ODCM (e'.g.",‘és Attachments).
(2) Supporting documents may be maintained in a "procedure history file".
3) Supporting docufnents"nﬁay be idéhtiﬁed in the "references" section of the ODCM.

CORRECTIVE ACTIONS

1. IF main vent stack flow rates, as détérrhiried ih acébrdance with appropriate Test Equipment
procedure(s), change + 10% from the values referenced in Attachment 7 of the ODCM, a
technical evaluation shall be initiated to determine if the ODCM should be revised.

BASES

1. [B527], NRC Inspection Report INSR 91-30/30
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Attachment 1
Final Grading And Drainage Plan

A reference diagram which depicts the grading for and the drainage from the Calvert
Cliffs Nuclear Power Plant can be found in the following reference:

Final Grading And Drainage Plan
Calvert Cliffs Nuclear Power Plant Units 1 and 2, -

BGE Document ID Number: 61517SH0001
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 1975.
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Attachment 2
Sources of Liquid Radioactive Waste
Waste Stream Radlation Type of Max. Discharge Maximum Volume
Monitor Release Flow Rate
gal/min liters/min gal liters
Rx. Coolant Wst. Mon. Tk. 0-RE-2201 Batch 120 454 90000%3  3.407E513
Rx. Coolant Wst. Rec. Tk. " 0-RE-2201 Batch 120 454 9000013  3.407E5'
Misc. Wt. Mon, Tk, ' 0-RE-2201 Batch 120 454 400013 1514013
Misc. Wst. Rec. Tk. 0-RE-2201 ‘Batch 120 454 400013 1514013
At;x; Boiler Steah Drum Ali 're.leasel,s ére via Auxiliary Blowdown Tank |
Aux. Blowdown Tk, Unmonitored  Continuous 20012 757 NIA N/A
Waste Néutl Tk 1'1: : Ur;monifored | Batch 10V(')0'I 37901 45988 1:74E5
Waste Neut, T. 12 Unmonitored Batch 1000" 37901 47749 1.80E5
St;'h. Gen. ‘B:lovs‘/down" Tk. 1l2-l.?!5-401414 Cohtfnudu-s,l 2252 8522 23503 88953
T At S -Batch'? . -
Component Cooling Water4 Unmonitored Continuous variableS variable> 440908 1.669E5
Condenser Hotwells Unmonitored Batch10 45007 170007 1.05E5 3.97E5
Salt Wafér éy:e,tém Unmonitored Continuous - 15500 586?0 N/A NIA
Cor{aéns;été étéraée Tank Urimonitored Bétcﬁ Variable® Variable8 3.5E5° | 13E69 ~
Demin. Water Storage Tank Unmonitored ,Batch Variable8 Variable8 3.5E59 1.3E69
Unmonitored 94.6 103053
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- Attachment 2 .
Sources of Liquid Radioactive Waste
Waste Stream Radiation Type of Max. Discharge Maximum Volume Notes
Monitor Release Flow Rate
Gal/min liters/min gal liters
Aux. Building Roof Drains19 Unmonitored Continuous Variable Variable N/A N/A
Sewage Treatment Plant Unmonitored Continuous 185 700 N/A N/A
Turbine Bldg. Sump No. 11 Unmonitored Continuous 470 889 1950 7381
Tﬁrbine Bldg. Sump No. 12 Unmonitored Continuous 470 889 2415 9141
Turbine Bldg. Sump No. 21 Unmonitored Continuous 470 889 2490 9425
Turbine Bldg. Sump No, 22 Unmonitored Continuous 470 889 2182 8259
Diesel Qil Interceptor Sump Unmonitored Continuous 100 378.5 5790 21920
Yard Qil Interceptor Unmonitored Continuous variable1s variable5 N/A N/A
Refueling Water Tank Unmonitored  Batch/Cont.1? variable15 variable1S 4.2E5 1.6E6
Condensate Storage Tank Unmonitored  Batch/Cont. "7 variable1S variable1s 3.5E516 1.3E616
Service Water System 1/2-RE-1595 Continuous variable15 variable!S 31418 1.189E5
Planf Heating System18 Unmonitored Continuous variable1® variable1® N/A N/A
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Attachment 2
Sources of Liquid Radioactive Waste

This flow rate is only an approximation. The motive force is gravity

This is the maximum flow rate. The actual flow rate will be considerably less.

This is the maximum volume of the tank for a BATCH RELEASE. [f the release is a CONTINUOUS RELEASE, the volume discharged
would be calculated from the discharge flow rate and duration of the release.

There is no direct path by which radioactive liquid from the CCW System could enter outfall 001. Liquid from the CCW System may leak
into either the Salt Water System (which drains to outfall 001) or the Liquid Waste Processing System (via Aux. Bldg. Drains).
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 size of leak). See Safety Analysis No. 2, FCR 82-1053, Supplement 1.

System volume is 5894 cubic feet. Conversion constant is 0.13368 cubic feet per gallon.

The flow rate shown here is the flow rate for one condensate pump. Verify the number on condensate pumps in service, and modify this
flow rate accordingly.

Flow rate should be calculated on a case-by-case basis.

Volume obtained from "Plant Data Book", BGE CCNPP Units 1 and 2, Bechtel Power Corporation, Volume 1, Job 6750.

May be a CONTINUOUS RELEASE if contaminated sealing steam is operated during the release.

Although steam generator releases may be either CONTINUOUS RELEASES or BATCH RELEASES. Verify type of release to be
conducted prior to discharge.

This is the maximum rated discharge for two pumps in operation.

The volume specified is the design basis volume from Table 11-1 of the UFSAR.

The steam generator blowdown effluent radiation monitor, 1/2-RE-4095, may be equivalent to the 1/2-RE-4014 (see part 5, Liquid Efﬂuent
Radiation Monitor Alarm and Fixed Setpoints, para. 2)

Maximum discharge flow rate shall be determined on a case-by-case basis.

Volume obtained from "Plant Data Book", BGE CCNPP Units 1 and 2, Bechtel Power Corporation, Volume 1, Job 6750.

Releases via this pathway would be considered a BATCH RELEASE if a catastrophic tank failure occurred. In the event of a small leak,
the release may be considered a CONTINUOUS RELEASE. The release mode should be determined on a case-by-case basis.

The plant heating system is a closed system and is not normally released to the environment. In the event of a leak, the effluent may be
released to the environment via the turbine building sumps. In some cases, depending on the location of the leak, the effluent would be
collected in the auxiliary building sump and subsequently released through the liquid radioactive waste processing system. The effluent
pathway should be determined on a case-by-case basis.

Plant drawings indicate that these drains discharge to outfalls 003 and 004.
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Attachment 4
Block Diagram of Liquid Radioactive Waste Systems
Reactor Coolant Waste ‘ Miscellaneous Waste
Unit 1 Unit 1 RC Unit 2 RC Unit2 Unit 1 SIG Unit 2 SIG Aux. Bldg. Laundry &
CVCS Drain Tank Drain Tank CvCSs Blowdown Blowdown Drains U-1& 2 Lab. Drains
RC Wast Filters -
|
2 PM Misc. Waste
(2) 1206 1-RE-4014 2-RE-4014 . Receiver Tk
‘ : 4,000 GAL
' : " | Automanc:
RC Waste . : y Isolation y
To Gaseous | Degassifiers (2) \ Vaives A A 4 —X
Prxvogzts?ng ¢ ‘ 1-RE-4095 ' 2-RE4095 Misc. Waste Misc. Waste
System '. @—1 @ — Fites@ | | Mioen
RC Wasts lon i A i i -
Exchangers (2) ] : : R t .
A }L o \ A 4
l . . o| Vatves ) Misc. Waste
RC Wasto lon
[ Receiver Tks (2)
90,000 GAL .
¢ . : Y
T\?stigd ‘ __ To Solid
Processin RC Waste Evap. ) . Waste
System 9 Pre-Filter (2) . . ) Processing
¥s ¢ System
Boric Acid
Evaporator (2) »| Storage
20GPM Tanks (4)
RC Waste lon < ‘
Exchangers (2) or
Radwaste Skid |« RCWaste |« A A
Monitoring Tk _/
v {#11) 90,000 GAL : ) g Turbine Bldg.
RC Waste Ch ) Sump
esapeake 5 G - :
Monitoring Tk (#12) Bay ——»|_ CrouatingWater i< , Chesapeake
90,000 GAL h v Bay
Ly pltomatic '
esssses sotation
0-RE-2201 @+ k o0 : |
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Attachment 5
Radionuclides in Typical Radwaste Discharges

The term f; — a fraction which represents the relative activity contribution of nuclide i to the average total effluent

activity — is used in several equations in the ODCM (e.g., equations 2G, 5G, 3L, and 4L). This attachment provides
guidance for calculating the values of f;-

1. Select the calendar quarters which contain at least one "typical® liquid (or gas) release (see definition of
TYPICAL RADWASTE RELEASE).
2. For each of the calendar quérters selected above, obtain a listing of the nuclides, nuclide activities, and
release (end) dates.
a. This data may be obtained from the Radioactive Effluent Release Report(s) for the time periods of
interest, or A
b. This data may be obtained from a computer-based effluent 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 (curies) for each individual radionuclide.
Ar = Z Anq Eq. 1R
4. ~Sum the quarterly activities for all radionuclides, .
Ar = X Ax . Eq.2R
5. Calculate the fraction of the total activity attributable to each radionuclide (i.e., the relative activity of nuclide i).
fi = AxlAr Eq. 3R
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Attachment 6 -
-Liquid Effluent Dose Factors (mrem/hr per uCi/ml)

Nuclide Bone Liver Thody * Thyroid . Kidney . Lung Gltract
H-3~ 0.000E+00  2820E-01  '2820E-01  2820E-01 " 2820E-01 | 2820E-01 . 2.820E-01
BE-7 . 2700E+01 . 1.100E+01  6.500E+01 - 1.300E+00.. 1.600E+01  3.100E+00  2.700E+02
c14 1450E+04 . .2900E+03  2900E+03  2900E+03 ~ 2900E+03  2.800E+03  2.900E+03
NA-24 . 4570E01  4570E01  4570E-01  4570E01  4570E-01  ,4570E-01  4.570E-01
P-32 4690E+06  2910E+05  1810E+05.  ODO00E+00  O0.000E+00  .0.000E+00  5.270E+05
CR-51 . 0.D0OE+00  O0O000E+00  5580E+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  200E+03 -  0.000E+00  2.160E+04
MN-56 0.000E+00 . 1.780E+02  3.150E+01 . O.000E+00 .  2.260E+402  0.000E+00  5.670E+03
FE-55 5110E+04  3530E+04  B230E+03  0.000E+00  0.000E+00 - 1.970E+D4 . 2.030E+04
FE-59 | 8BO60E+04  1.900E+05 7.270E+04  O0.000E+00  .0.000E+00 . 5.300E+04  6.320E+05
CcO-57 0.000E+00  -1.420E+#02  2360E+02 - O0O000E+00  OC.000E+00  O.000E+00 .  3.590E+03
CO-58 0.000E+00  6.030E+02  1.350E+03  0.000E+00  OO00E+00  0.000E+00  1.220E+04
CO-60 0.000E+00 - 1.730E+03  3820E+03 . O0O000E+00  0.000E+00  0.000E+00  3.250E+04
NI-63 4.960E+04  3.440E+03  1.670E+03- . . 0.000E+00  O0.O000E+00  O0.000E+00  -7.180E+02
NI-65 2.020E+402  2.620E+401  1.200E+01 . OO00E+00  .0.000E+00  O0.000E+00.  6.650E+02
cu-64 0.000E+00  2.140E+02,  1.010E+02. - 0.000E+00  -5.400E+02  0.000E+00 -  1.830E+04
ZN-65 1.610E+05  5.130E+05 ~ 2320E+05 - OQ00E+00  3430E+05  0.000E+00  3.230E+05
ZN69 '3430E402  6.560E+02  4.560E+01  0.000E+00  4260E+02.  0.000E+00  9.850E+01
BR-82 0.000E+00  0.000E+00  4.070E+00  0000E+00  0.O00E+00  0.000E+00 . 4.670E+00
BR-83 0.000E+00  O0.00E+00  7.250E-02 -  O0O00E+00  O0.O00E+00 =~ 0.000E400  1.040E-01
BR-84 © 0.000E+00  0.000E+00  9390E-02 . O0Q00E+00-  O0.000E+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-86 0.000E+00  6.240E+02  2910E+02 . O.000E+00  0.000E+00  0.000E+00 - 1.230E+02
RB-88 0.000E+00  1.790E+00  9.490E-01  0.000E+00  O0O00E+00  0.000E+00  0.000E+00
RB-89 0.000E+00 1.190E+00 . 8.340E-01 ,0.000E+00  0.000E+00 0.000E+00 0.000E+00
SR-89 4.990E+03  0.000E+00  1.430E+02 . - 0.000E+00 = .0.000E+00  0.000E+00  -8.000E+02
SR-90 1230E405  O0000E+00  3.010E+04 - 0000E+00  OO0O0E+00  DOOOE+00  3.550E403
SR-91 9.180E+01  0.000E+00  3.710E400 - O.000E+00 - O0.000E+00  O0.000E+00  4.370E+02
SR-92 3480E+01 - 0.000E+00  1.510E+00  .0.000E+00- - 0.000E+00  O0.000E+00 :  6.900E+02
Y-90 6.060E+00 - 0.000E+00  1.630E-01  0.000E+00: . O.000E+00  0.000E+00 - 6.420E+04
Y-91M 5730E02  O0.000E+00 - 2220E-03 -  0.000E+00  0.000E+00  0.000E+00  1.680E-01
Y-91 B.BBOE+01  O0.000E+00 . - - 2370E+00 - .0.000E+00-  O.000E+00  0.000E+00  4.890E+04
Y-92 5320E-01 - O0000E+00 - 1.560E-02 - 0.000E+00  0.000E+00, -,0.000E+00 - - 9.320E+03
Y-93 1.690E400  0O00E+00  4.660E-02 - 0.000E+00  0.000E+00 . - 0.000E+00  5350E+04
ZR-95 1.590E+01  S5.110E+00  3.460E+00: . 0.000E+00  B.020E+00 -  O0.000E+00  -1.620E+04
ZR-97 8.810E-01 1780E01  B8130E-02  O0O000E+00  20680E-01  O0OC0E+00  5.510E+04
NB-95 4470E402  2490E+02  1.340E402  OOOOE+00  2460E+02  0.000E+00  1.510E+06
NB-97 3750E+400  9490E-01  3460E-01  O0O000E+00  1.110E400  0.000E+00  3.500E+03
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Attachment 6

Liquid Efﬂu’ent Dose Factors (mrem/hr per uCi/ml)

_Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
MO-99 0000E+00  1.280E+02  2430E+01  O0Q00E+00  2890E+02  0.000E+00  2.960E+02
TC-99M 1.300E-02  3660E02  4.660E-01 0.000E+00  5.560E-01 1.790E02  2.170E+01
TC-101 1.330E-02 1.920E-02 1.880E-01 0.000E+00  3.460E-01 9.810E-03 *  0.000E+00
RU-103 1.070E+02  '0.000E+00  4.600E+01  O0.000E+00  4.070E+02  0.000E+00  1.250E+04
RU-105 8.890E+00  0.000E+00 - 3510E+00  0O000E+00  1.150E+02  0.000E+00  5.440E+03
RU-106 1.500E+03  0.000E+00  2010E+02  0000E+00  3060E+03  0.000E+00  1.030E+05
RH-103M 0.000E+00  0.000E+00  0.000E+00  0.000E+00  O0OQ00E+00  0.000E+00  0.000E+00
RH-106 0.000E+00  O0.000E+00 0000E+00  0.000E+00  O0OQ00E+00  0.000E+00  0.000E+00
CD-109 2100E+05  4.000E+06  1.600E+06  1.500E+05  2200E+07  1.800E+05  2.500E+06
AG-110M 1.560E+03 ~ 1.450E+03  B.600E+02  0.000E+00  2.850E+03  0000E+00  5.910E+05
SN-113 6.700E+03  1.200E+03  2.100E+04  6.200E+02  1.600E+03  7.300E+02  2200E+05
$B-122 5300E+01  5.520E401  6.690E+02  B8780E+00  2610E+01  1.140E+01  6.580E+03
$B-124 2770E+02  5.230E400  1.100E+02  6.710E-01 0.000E+00  2.150E+02  7.860E+03
S$B-125 1.770E402  1.980E+00  4.210E+01  1.800E-01 0.000E+00  1.360E+02  1.950E+03
TE-125M 2170E+402  7.860E+01  2910E+01  6520E+01  B8.820E+02  0.000E+00  8.660E+02
TE-12TM 5480E+02  1.960E+02  6.680E+01  1.400E+02  2230E+03  O0.000E+00  1.840E+03
TE-127 8.900E+00 3.200E+00 1.930E+00 6.600E+00 3.630E+01 0.000E+00 7.030E+02
TE-120M 9.310E+02  3470E402  1470E+02  3200E+02  3890E+03  0.000E+00  4.690E+03
TE-129 2.540E+00° 9.550E-01 6.190E-01 1.950E+00 1.070E+01 0.000E+00 1.920E+00
TE-131M 1.400E+02  6.850E+01  5710E+01  1.080E+02  6.940E+02  0.000E+00  6.800E+03
TE-131 1.590E+00  6.660E-01 5.030E-01 1.310E+00  6.990E+00  0.000E+00  2.260E-01
TE-132 2040E402  1.320E402  1.240E+02  1460E+02  1.270E+03  0.000E+00  6.240E+03
1130 3.960E401  1.470E+02  4.610E+01  9910E+03  1.820E402  O0.000E+00  1.010E+02
1131 2180E+02  3.420E+02  1.790E+02  1.020E+05  5350E+02  0.000E+00  8.230E+01
1132 1.060E+01  2850E+01  9.960E+00  9.960E+02  4.540E+01  0.000E+00  5.350E+00
1-133 7.450E+01  1.300E+02  3.950E+01  1.900E+04  2260E+02  0.000E+00  1.160E+02
11134 5560E+00  1.510E+01  5400E+00  2620E+02  2400E+01  0.000E+00 1.320E-02
I-135 2.320E+01 6.080E+01 2.240E+01 4.010E+03 9.750E+01 0.000E+00 6.870E+01
Cs-134 6.840E+03  1.630E+04  1.330E+04  0.000E+00  5270E+03  1.750E+03  2.850E+02
Cs-136 7.460E+02  2.830E+03  2040E+03  O0Q00E+00  1570E+03  2.160E+02  3.210E+02
€S-137 8.770E+03  1.200E+04  7.850E+03  0.000E+00  4.070E+03  1.350E+03  2.320E+02 °
Cs-138 6.070E+00  1.200E+01  5.940E+00  0.000E+00  8.810E+00  8.7OOE-01 5.120E-05
BA-139 7.850E+00  5.500E-03  2.300E-01 0000E+00  5230E03  3.170E-03 1.390E+01
BA-140 1640E+03  2060E+00  1.080E+02  0.000E+00  7.020E-01 1.180E+00  3.380E+03
BA-141 3810E400  2.880E-03 1.290E-01 0.000E+00  2.680E-03 1.630E-03 1.800E-09
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Attachment 6
Liquid Effluent Dose Factors (mrem/hr per uCi/mi)

Nuclide Bone Liver Tbody Thyroid Kidney Lung - Gltract .
BA-142 17206400  1.770E03  1.080E01  0000E+00 150003  1.000E-03 0.000E+00 °
LA-140 1570E400  7.840E-01  2400E-01  O0OO0E+00  O0.000E+00  0.000E+00  5.830E+04 °
CE-139 1.000E402  4.800E+01  3700E402  .6.200E-01  3400E+01  4.800E+00 3.200E+03
LA-142 BO60E-02  3670E02 - O0.130E03  -0.000E+00  OQ00E+00  0Q00E+00  2.680E+02
CE-141 3430E400  2320E+00 ~ 2630E01  0000E+00  1080E+00  0.000E+00  8.860E+03
CE-143 6040E01  4460E402 - 4.940E-02  0000E+00  1970E01  OO00E+00  1670E+04
CE-144 1700E+02  7470E401  O.500E+00  O0000E+00  4430E+01  O.000E+00 - 6.040E+04 .
PR-143 S790E400  2320E+00  2870E:01  0Q00E+00  1.340E+00°  OO00E#00  2.540E+04
PR-144 1900E02  7.870E03  O.640E-04  0.000E+00  4440E-03°  0O00E+00  2.730E-09
ND-147 3.960E+00  ASBOE+00  2740E-01  OOO0E+00  2680E+00  O0.000E+00  ~ 2.200E+04
EU-154 3B70E+402  AT60E+D1  3390E+01  0OC0E+00  2280E+02  OO000E+00  3450E+04
EU-155 54206401  7.68E400  AQ60E400  OO000E+00  3550E+01  D.O00E+00 . 6.050E403
W-187 9160E+00  7.660E400  2680E+00  -DOOOE+00  0000E+00  0.000E+00  2.510E+03
NP-239 353002  3470E03  1910E03  -000CE+00  1.080E-02  0.000E+00  7.410E+02
HG-203 1400405  0O00E+00  1.600E+05  '0.000E+00  1600E+06  1.000E+05  3.200E405
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Attachment 7 ,
General Information Related to Gaseous Releases via the Main Vents

Waste Stream Radiation Type of Nominal Discharge Maximum Discharge Note
Monitor release Flow Rate Flow Rate
m’/ sec SCFM m°/sec SCFM
Waste Gas System (WGDT) 0-RE-2191' Batch N/A N/A 2.36E-2 50
Cntmt. Vent (via H2 Purge) 1/2-RE-5415*  Batch® 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 Cntmt. Purge (100%) 2.RE-5415  Continuous. N/A N/A 20.9° 44,320°
Unit 1 Main Vent Release 1-RE-5415'  Continuous 56.3° 119339° 62.0" 131273"°
Unit 2 Main Vent Release 2-RE-541 57 Continuous 45.79 957459 50_210 10542010

Since the WGDT is released to the plant vent stack, 1/2-RE-5415 and 1/2-RE-5416 may also be used o monitor releases from a WGDT.

2 The WRGM, 1/2-RE-5416, may also monitor these releases.

A containment vent is considered a “batch” release (even though inleakage of radioactive gases into the containment atmosphere may occur during the time the ventis in
progress).

Trt?gWRéM 1-RE-5416, may also monitor these releases.

A purge is considered to ba a CONTINUOUS RELEASE due to potential introduction of radioactive gases to the containment atmosphere during containment maintenance
activities,

This is the purge flow rate as detlermined by approved test procedurs (i.e., TE-006) in April 1998.

The WRGM, 2-RE-5416, may also monitor these releases.

This is the purge flow rate as determined by approved test procedurs (i.e., TE-006) in March 2001,

This is the mean main vent stack flow rate as determined by approved test procedure (i.e., TE-001 from 8/1990-3/1996 for Unit 1 and

TE-001 from 8/1990-3/2000 for Unit 2 or STP-M-462-1 for Unit 1 and STP-M-462-2 for Unit 2 beginning in May 2002).

This is the maximum vent stack flow rate which is equal to 110% of the Nominal Discharge Flow rate,

L Y

w e N

£002/20
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Attachment 8
General lnformation Related to Gaseous Releases via Pathways other than the Main Vents
Waste Streams Radiation Monitor Type of Release Nominal Discharge Notes
Flow Rate

Aux. Boiler Deaerator

Stm. Gen. Atm. Stm. Dumps
Plant Nitrogen System
Turbine Bldg. Vent. Exh®
Emergency Air Lock

Plant Compressed Alr

Main Steam Lihe Penetrations

' Steam Driven Auxiliary Feed Pumps

Containment Equipment Hatch

Unmonitored
Unmonitored
Unmonitored
Unmonitored
Unmonitored
Unmonitored
Unmonitored
Unmonitored

Unmonitored

See Footnote'
See Footnote?
See Footnote!
See Footnote!
See Footnote!
See Footnote!
See Footnote!
See Footnote!

See Footnote! .

See Footnote®
See Footnote?
See Footnote?
See Footnote?
See Footnote?
See Footnote?
See Footnote?
See Footnote?
See Footnote?

e

Since radioactive gaseous waste Is not normally vented via this pathway, the determination of release type (i.e., contmuous or batch) will

be evaluated on a case-by-case basis.

Since radioactive gaseous waste is not normally vented via this pathway, the determination of discharge flow rate will be evaluatedon a
-,- case-by-case basis.

Includes sources such as Gland Seal Exhaust.
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Attachment 9
Block Diagram of Gaseous Radioactive Waste Systems
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NUCLIDE

Ar-41
Kr-85

Kr-85m

Kr-87
" Kr-88
Xe-131m
Xe-133
Xe-133m
Xe-135
Xe-135m

Xe-138

GAMMA BODY
DOSE -

: (mremlys;(pCi[m3) '
8.84E+03
1.61E+01
1.17E+03
5.92E+03
1.47E+04
9.15E+01
2.94E+02
2.51E+02
1.81E+03
3.12E+03

8.83E+03

~ " Attachment 10

Noble Gas Dose Factors

BETA SKIN DOSE

-(mremlyrl)-;‘(pCilrri3)
269E+03
1.34E+03
1.46E+03
9.73E+03
2.37E+03
4.76E+02
3.06E+02
9.94E+02
1.86E+03
7A1E+02

4.13E+03

GAMMA AIR DOSE
M

(mrad{yr)l(pCi{m?»)

9.30E+03
1.72E+01
1.23E+03
6.17E+03
1.52E+04
1.56E+02
3.53E+402
3.27E+02
1.92E+03
3.36E+03
' 9.21E+03

BETA AIR DOSE

s (Fnradlyrl;llj(pCilm3)

3.28E+03 |

" 1.95E403

1.97E+03
1.03E+04
2.93E+03
1.11E+03
1.056E+03
1.48E+03
2.46E+03
| 7.39E+02

| 4.75E+03
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Attachment 11
Empirlcal Denvation of Slte-Speclfic Dose Factors

The total body dose, the skin dose, and the air doses—resultlng from gamma and beta emitting radionuclides in
discharges of gaseous radwaste-are normally calculated using nuclide specific dose factors. However, these
same doses may be estimated using empirically derived, site specific, dose factors as shown below.

TOTAL-BODY, GAMMA-DOSE FACTOR
A site-specific, total-body, gamma-dose factor has been derived from historical data in accordance with the
following equation.

Kg = Z(Ki) () Eq. 1F

the empirically denved snte-specﬁ' ¢, total-body, gamma-dose factor due to all noble gases
released during a specnf‘ ed time penod

Values of K,,4 have been calculated using gaseous radwaste discharge data collected over
several years.

The results of the calculations appear in the Table on page 5 of this attachment.

the total body dose factor due to gamma emissions for each identified noble gas
radionuclide, i (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.

a fraction which represents the relative activity contribution of noble gas radionuclide i to the
total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years 1986,
1987, and 1988 in accordance with equation 3R on Attachment 5.
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Attachment 11
Empirical Derivatiori of Site-Specific Dose Factors

SKIN, BETA-DOSE FACTOR ,
A sxte-specnf ¢, skin, beta-dose factor has been derived from historical data in accordance wrth the followmg

equation.
L = T(L)(f) ' . Eq.2F
Ly = the empmcally denved snte-specrﬁc, skin, beta-dose factor due to all noble gases released
during a specified time period
Values of L,,, have been calculated usmg gaseous radwaste dlscharge data collected over
several years
The results of the calculations appear in tﬁe Table on page 5 of this attachment.
L = 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 obtained from Regulatory Guide 1. 109 Appendlx B,
Table B-1.
The beta skin dose factors for various noble gas radionuclides are tabulated in Attachment
10.
f = a fraction which represents the relative activity contribution of noble gas radionuclide i to the

total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years 1986,
1987, and 1988 in accordance with equation 3R on Attachment 5. .
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- Attachment 11 ,
Empirical Derivation of Site-Specific Dose Factors

GAMMA-AIR-DOSE FACTOR
A site-specific, gamma-air-dose factor has been derived from historical data in accordance with the following

equation.

Mawg = Z(M)() Eq. 3F

the empirically derived, site-specific, gamma-air-dose factor due to all noble gases released
during a specified time period

Values of M,,,, have been calculated using gaseous radwaste discharge data collected over
several years.

The results of the calculations appear in the Table on page 5 of this attachment.

the air dose factor due to gamma emissions for each identifi ed noble gas radionuclide, i
(mrad/yr per microcurie/cubic meter)

The gamma air dose factors have been obtained from Regulatory Guide 1.109, Appendix B,
Table B-1.

The gamma air dose factors for various noble gas radionuclides are tabulated in Attachment
10.

a fraction which represents the relative activity contribution of noble gas radionuclide i to the
total noble gas activity for TYPICAL GASEOUS EFFLUENTS (unitless)

This value has been calculated for all gaseous radwaste discharges for the years 1986,
1987, and 1988 in accordance with equation 3R on Attachment 5.
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Attachment 11 o
Empirical Derivation of Site-Specific Dose Factors

BETA-AIR-DOSE FACTOR
A site-specific, beta- arrdose factor has been denved from hrstoncal data in accordance wrth the followmg

equation.

Nei_= T(N)(R) ' Eq. 4F

the empirically derrved srte-specnf c, beta-arr—dose factor due to all noble gases released
during a specrf ied time period

Values of N, have been calculated usrng gaseous radwaste discharge data collected over
several years

The results of the calculations appear in the Table on page 5 of this attachment.

the air dose factor due to beta emissions for each identified noble gas radlonuclrde i
(mrad/yr per mlcrocunelcublc meter) :

The beta air dose factors have been obtalned from Regulatory Gwde 1 109, Appendlx B,
Table B-1.

The beta air dose factors for various noble gas radronuclrdes are tabulated in Attachment 10
(Attachment 1 of old ODCM).

a fraction which represents the relative activity contribution of noble gas radionuclide i to the
total noble gas activity for TYPICAL GASEOUS EFFLUENTS (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 Site-Specific Dose Factors
SITE-SPECIFIC, AVERAGE DOSE FACTORS
Ye ar . Kavg Lavg M avg N avg
1986 330 790 390 1100
1987 340 810 A 400 1100
1988 390 960 450 1200
Average ‘ 350 850 410 1100
Maximum % difference 1% 13% 10% 9%

As can be seen from the above table, the percent difference between the yearly dose factors and the 3-year
average dose factors range from 9% to 13%. This variability is minor considering other areas of uncertainty
inherent in the environmental dose calculation models.

It should be noted that the empirically-derived, site-specific, average dose factors listed in the above table shall
only rarely be used. In those rare instances where empirically-derived, site-specific, average dose factors are
used, the results shall be carefully evaluated by qualified members of the facility staff to ensure the estimated
doses are only a small fraction of the Control limits. Additionally, the doses shall be recalculated using the
RIGOROUS METHODS prior to submitting the Radioactive Effluent Release Report.
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TAftachmentd2 o -
Gaseous Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE_ FACTORS

" ADULT "
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E+00  3.250E+02 " 3.250E+02 3.250E+02 ~ '3.250E+02 ' 3.250E+02 3.250E+02
C-14 3.330E+05 6.660E+04 6.660E+04 §.6§0Efq4 6.660E+04 6.660E+04 6.660E+04

- NA-24 1.840E-03 1.840E-03 1.840E-03 1;840E703 .1.840E-03 1.840E-03 1.840E-03
P-32 4.650E+09 2.890E+08 .1.8040E#08 0.060E;00 0.000E+QO 0.000E+00 5.230E+08

CR-51 0.000E+00 0.000E+00 7.070E+03 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 Q.OOOE+00 * 0.000E+00 0.000E+00 0.000E+00
FE-§5 . 2.930E+08 2.020E+08 4.720E+07 OZOQOE#OO 0.000E+00 1.130E+08 1.160E+08

FE-59 2.670E+08 6.270E+08 2.400E+08 0.000E+00 0.000E+00 1.750E+08 2.090E+09

. CO-57 0.000E+00 5.640E+06 9.370E+06 0.000E+00 0.000E+00 0.000E+00 1.430E+08

CO-58 0.000E+00 1.830E+407 4.100E+07 0.000E+00 0.000E+00 0.000E+00 3.700E+08

CO-60 0.000E+00 7.520E+07 1.660E+08 0.000E+00 0.000E+00 0.000E+00 1.410E+09
NI-63 1.890E+10 1.310E+09 6.330E+08 0.000E+00 0.000E+00 0.000E+00 . 2.730E+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-64 0.000E+00 2.950E-07 1.390E-07 0.000E+00 7.450E-07 0.000E+00 2.520E-05

ZN-65 3.560E+08 1.130E+08 5.120E+08 0.000E+00 7.570E+08 0.000E+00 7.130E+08

ZN-69 0.000E+00 0.000E+00 0.009E+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 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-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-86 0.000E+00 4.870E+08 2.270E+08 0.000E+00 0.000E+00 0.000E+00 9.600E+07

RB-88 0.000E+00 0.000E+00 0.000E+00 - 0.C00E+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 - 3.010E+08 0.000E+00 8.650E+06 0.000E+00 0.000E+00 0.000E+00 4.840E+07

SR-90 1.240E+10 0.000E+00 3.050E+09 0.000E+00 0.000E+00 0.000E+00 3.590E+08

SR-91 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.C00E+00 1.380E-09

SR-92 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-90 1.070E+02 0.000E+00 2.860E+00 0.000E+00 0.000E+00 0.000E+00 1.130E+06

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 1.130E+06 0.000E+00 3.030E+04 0.000E+00 0.000E+00 0.000E+00 6.240E+08
Y92 | 0.000E+00 0.000E+00 0.000E+00 0.6905+00 0.000E+00 0.000E+00 0.000E+00

Y93 0.000E+00 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

Attachment 12

GRASS-COW-MEAT DOSE FACTORS

) ADULT
(m2*mremVyr per uCi/sec)

Nuclide Bone . Liver Thody Thyrold Kidney Lung Gltract
ZR-95 1.880E+06 6.040E+05 4.090E+05 0.000E+00 9.480E+05 0.000E+00 1.910E+09
ZR-97 1.830E-05 3.690E-06 1.690E-06 0.000E+00 5.5865-06 0.000E+00 1.140E+00
NB-95 2.290E+06 1.280E+06 6.860E+05 0.000 E+dO 1.260E+06 0.000E+00 7.750E+09
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO-99 0.000E+00 1.090E+05 2.070E+04 0.000E+00 2.4‘6(.)E+05 0.000E+00 2.520E405

TC-99M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 d.060E+00 0.000E+00 0.000E+00

TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.0065+00 0.000E+00 0.000E+00

RU-103 1.060E+08 0.000E+00 4.550E+07 0.000E+00 4.030E+08 0.000E+.00 1.230E+10

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 2.800E+09 0.000E+00 3.540E+08 0.000E+00 5.400E+09 0.000E+00 1.810E+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-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

AG-110M 6.690E+06 6.190E+06 3.670E+06 0.000E+00 1.220E+07 0.000E+00 2.520E+09

SB-122 5.580E+03 5.820E+03 7.050E+04 9.250E+02 2.750E+03 1.200E+03 6.930E+05
SB-124 1.980E+09 3.740E+407 7.850E+08 4.800E+08 0.000E+00 1.540E+09 5.620E+10
§B-125 1.910E+09 2.130E+07 4.540E+08 1.940E+08 0.000E+00 1.470E+09 2.100E+10

TE-125M 3.590E+08 1.300E+08 4.810E+07 1.080E+08 1.460E+09 0.000E+00 1.430E+09
TE-127M 1.120E+09 3.990E+08 1.360E+08 2.850E+08 4.530E+09 0.000E+00 3.740E+09
TE-127 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.090E-09 0.000E+00 2.100E-08
TE-129M 1.140E+09 4.270E+08 1.810E+08 3.930E+08 4,770E+09 0.000E+00 5.760E+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 4.510E+02 2.210E+02 1.840E+02 3.500E+02 2.240E+03 0.000E+00 2.190E+04

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 1.400E+06 9.070E+05 8.510E+405 1.000E+06 8.730E+06 0.000E+00 4.290E+07
1-130 2.350E-06 6.940E-06 2.740E-06 5.880E-04 1.080E-05 0.000E+00 5.980E-06
-131 1.080E+07 1.540E+07 8.830E+06 5.050E+09 2.640E+07 0.000E+00 4.070E+06
11132 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-133 4.300E-01 7.470E-01 2.280E-01 1.100E+02 1.300E+00 0.000E+00 6.720E-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 0.000E+00 0.000E+00 0.000E+00 0.000E+00

' CS-134 6.570E+08 1.560E+09 1.280E+09 0.000E+00 5.060E+08 1.680E+08 2.740E+07

CS-136 1.180E+07 4.670E+07 3.360E+07 0.000E+00 2.600E+07 3.560E+06 5.300E+06

CS-137 8.720E+08 1.190E+09 7.810E+08 0.000E+00 4.050E+08 1.350E+08 2.310E+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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" Attachment 12
.Gaseous Effluent Pathway:Dose Factors

GRASS-COW-MEAT DOSE FACTORS

ADULT
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver -Tbody Thyrold Kidney Lung Gltract
BA-139 0.000E+00 0.000E+00 ' 0.00QE+00 o 0.000E+00 " 0.000E+00 0.000E+00 0.000E+00
BA-140 2.880E+07 3.610E+04 1.890E+06 0.000E+00 1.230E+04 2.070E+04 5.920E+07
BA-141 0.000E+00 0.000E+00 0.00dEfOO 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 3.600E-02 1.810E-02 4.790E-03 0.000E+00 0.000E+00 0.000E+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 9.480E+03 1.080E+03 0.000E+00 4.400E+03 0.000E+00 3.620E+07
CE-143 2.090E-02 1.550E+01 1.710E-03 0.000E+00 6.800E-03 0.000E+00 5.780E+02
CE-144 1.460E+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 9.330E+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 8.180E+03 4.900E+02 0.000E+00 4.780E+03 0.000E+00 3.930E+07
EU-154 8.030E+06 9.870E+08 7.020E+05 0.000E+00 4.720E+06 0.000E+00 74 50E+0‘8
EU-155 1.110E+06 1.580E+05 1.020E+05 0.000E+00 7.300E+05 0.000E+00 1.240E+08
w-187 2.160E-02 1.810E-02 6.320E-03 0.000E+00 0.000E+00 0.000E+00 5.920E+00

NP-239 2.560E-01 2.510E-02 1.390E-02 0.000E+00 7.840E-02 0.000E+00 5.150E+03
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, . Attachment 12
Gaseous Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE FACTORS

TEEN
(m2*mrem/yr per uCi/sec) '

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
H-3 0.000E+00 1.940E+02 1.940E+02 1.940E+02 1.940E+02 1.940E+02 1.940E+02
C-14 2.810E+05 5.620E+04 5.620E+04 5.620E+04 5.620E+04 5.620E+04 5.620E+04
NA-24 1.470E-03 1.470E-03 1.470E-03 1.470E-03 1.470E-03 1.470E-03 1.470€E-03
P-32 3.930E+09 2.440E+08 1.520E+08 0.000E+00 0.000E+00 0.000E+00 3.300E+08
CR-51 0.000E+00 0.000E+00 5.650E+03 3.140E+03 1.240E+03 8.070E+03 9.500E+05
MN-54 0.000E+00 6.980E+06 1.380E+06 0.000E+00 2.080E+06 0.000E+00 1.430E+07
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 1.690E+08 3.930E+07 0.000E+00 0.000E+00 1.070E+08 7.300E+07
FE-59 2.130E+08 4.980E+08 1.920E+08 0.000E+00 0.000E+00 1.570E+08 1.180E+09
CO-57 0.000E+00 4.530E+06 7.590E+06 0.000E+00 0.000E+00 0.000E+00 8.450E+07
CO-58 0.000E+00 1.410E+07 3.250E+07 0.000E+00 0.000E+00 0.000E+00 1.940E+08
CO-60 0.000E+00 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 1.710E+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-64 0.000E+00 2410E-07 1.130E-07 0.000E+00 6.100E-07 0.000E+00 1.870E-05
ZN-65 2.500E+08 8.690E+08 4.050E+08 0.000E+00 5.560E+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 0.000E+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 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
BR-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 0.000E+00 4.060E+08 1.910E+08 0.000E+00 0.000E+00 0.000E+00 6.010E+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-89 2.540E+08 0.000E+00 7.290E+06 0.000E+00 0.000E+00 0.000E+00 3.030E+07
SR-90 8.050E+09 0.000E+00 1.990E+09 0.000E+00 0.000E+00 0.000E+00 2.260E+08
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 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-90 8.980E+01 0.000E+00 2.420E+00 0.000E+00 0.000E+00 0.000E+00 7.400E+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 9.560E+05 0.000E+00 2.560E+04 0.000E+00 0.000E+00 0.000E+00 3.920E+08
Y-92 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Y-93 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 Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE FACTORS

'"TEEN
. (m2*mrem/yr per uCi/sec)

Nucllde Bone Liver "~ ,Tbody Thyrold Kidney Lung _Gltract
ZR-95 1.510E+06 ~ 4.760E+05 "3.270E+05 ~ ~ 0.000E+00 ~ 6.990E+05 0.000E+00 © " 1.100E+09
ZR-97 1.530E-05 3.020E-06 1.390E-06 0.000E+00 4.580E-06 0.000E+00 8.180E-01
NB-85 1.790E+06 9.940E+05 5.470E+05 0.000E+00 9.640E+05 0.000E+00 4.250E+09
NB-g7 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
~ MO-99 0.000E+00 8.980E+04 1.710E+04 0.000E+00 2.060E+05 0.000E+00 1.610E+05
TC-99M 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 8.600E+07 0.000E+00 3.680E+07 0.000E+00 3.030E+08 0.000E+00 7.180E+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 2.970E+08 0.0QQE+06 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-106. 0.000E+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
$B-122 3.300E+03 3.440E+03 4.170E+04 5.460E+02 1.620E+03 7.080E+02 4.100E+05
S$B-124 1.620E+09 2.980E+07 6.310E+08 3.670E+06 0.000E;OO 1.410E+09 3.260E+10
S$B-125 1.560E+09 1.710E+07 3.660E+08 1.490E+06 0.000E+00 1.370E+09 1.220E+10
TE-125M 3.030E+08 1.090E+08 4.050E+07 8.470E+07 0.000E+00 0.000E+00 8.940E+08
TE-127TM 9.410E+08 3.340E+08 1.120E+08 2.240E+08 3.820E+09 0.000E+00 2.350E+09
TE-127 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.750E-08
TE-129M 9.580E+08 3.560E+08 1.520E+08 3.090E+08 4.010E+09 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 1.450E+04
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 1.150E+06 7.260E+05 6.840E+05 7.660E+05 6.970E+06 0.000E+00 2.300E+07
1-130 1.890E-06 5.480E-06 2.190E-06 4.470E-04 8.440E-06 0.000E+00 4.210E-06
1-131 B8.950E+06 1.250E+07 6.730E+06 3.660E+09 2.160E+07 0.000E+00 2.480E+06
1-132 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-133 3.590E-01 6.100E-01 1.860E-01 8.510E+01 1.070E+00 0.000E+00 4.610E-01
1-134 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 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CS-134 5.230E+08 1.230E409 5.7T10E+08 0.000E+00 3.910E+08 1.490E+08 1.530E+07
CS-136 9.220E+06 3.630E+07 2.440E+07 0.000E+00 1.970E+07 3.110E+06 2.920E+06
CS-137 7.240E+08 9.630E+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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o Attachment 12
Gaseous Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE FACTORS

TEEN
(m2*mremvyr per uCi/sec)

Nuclide Bone Liver Thody Thyrold 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 2.380E+07 2.910E+04 1.530E+06 0.000E+00 9.880E+03 1.960E+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 7.860E+03 9.030E+02 0.000E+00 3.700E+03 0.000E+00 2.250E+07
CE-143 1,760E-02 1.280E+01 1.430E-03 0.000E+00 5.T40E-03 0.000E+00 3.850E+02
CE-144 1.230E+06 5.080E+05 6.600E+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 0.000E+00
ND-147 6.240E+03 6.790E+03 4.060E+02 0.000E+00 3.980E+03 0.000E+00 2.450E+07
EU-154 6.090E+06 7.870E+05 5.540E+05 0.000E+00 3.520E+06 0.000E+00 4.160E+08
EU-155 1.330E+06 1.290E+05 7.970E+04 0.000E+00 5.030E+05 0.000E+00 7.380E+08
W-187 1.810E-02 1.480E-02 5.170E-03 0.000E+00 0.000E+00 0.000E+00 3.990E+00

NP-239 2.230E-01 2.110E-02 1.170E-02 0.000E+00 6.610E-02 0.000E+00 3.390E+03
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“Attachment 12 o o
Gaseous Effluent Pathway Dose Factors

. GRASS-COW-MEAT DOSE FACTORS

. CHILD
(m2mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E+00 2.340E+02 2.340E+02 © T2340E402° 2.340E+02 2.340E+02 2.340E+02
Cc14 5.290E+05 1.060E+05 1.060E+05 1.060E+05 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
pP-32. 7.410E+09 3.470E+08 2.860E+08 0.000E+00 0.000E+00 0.000E+00 2.050E+08
CR-51 0.000E+00 0.000E+00 8.810E+03 4.890E+03 1.340E+03 8.930E+03 4.670E+05
MN-54 0.000E+00 7.990E+06 2.130E+06 0.000E+00 2.240E+06 0.000E+00 6.700E+06
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 4.570E+08 2.420E+08 7.510E+07 0.000E+00 0.000E+00 1.370E+08 4.490E+07
FE-59 3.780E+08 6.120E+08 3.050E+08 0.000E+00 0.000E+00 1.770E+08 6.370E+08
CO-57 0.000E+00 5.920E+06 1.200E+07 0.000E+00 0.000E+00 (0.000E+00 4.850E+07
CO-58 0.000E+00 1.650E+07 5.040E+07 0.000E+00 0.000E+00 0.000E+00 9.600E+07
CO-60 0.000E+00 6.930E+07 2.040E+08 0.000E+00 0.000E+00 0.000E+00 3.840E+08

"-NI-63 2.910E+10 1.560E+09 9.910E+08 0.000E+00 0.000E+00 0.000E+00 1.050E+08

. NI-65 0.000E+00 0.000E+400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

‘CU-64 0.000E+00 3.240E-07 1.960E-07 0.000E+00 7.820E-07 0.000E+00 1.520E-05

- ZN-65 3.750E+08 1.000E+09 6.220E+08 0.000E+00 6.300E+08 0.000E+00 1.760E+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 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-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-86 . 0.000E+00 5.760E+08 3.540E+08 0.000E+00 0.000E+00 0.000E+00 3.710E+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-89 4.820E+08 0.000E+00 1.380E+07 0.000E+00 0.000E+00 0.000E+00 1.860E+07
SR-90 1,040E+10 0.000E+00 2.640E+09 0.000E+00 0.000E+00 0.000E+00 1.400E+08
SR-91 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.010E-09

- SR-92 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
Y-90 1.700E+02 0.000E+00 4.550E+00 0.000E+00 0.000E+00 0.000E+00 4.840E+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 1.810E+06 0.000E+00 4.830E+04  0.000E+00 0.000E+00 0.000E+00 2.410E+08

. Y-92 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Y-93 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.650E-07
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Attachment 12 _
Gaseous Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE FACTORS

CHILD
{m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
ZR-95 2.680E+06 5.890E+05 5.240E+05 0.000E+00 8.430E405 0.000E+00 6.140E+08
ZR-97 2.840E-05 4.100E-06 2.420E-06 0.000E+00 5.890E-06 0.000E+00 6.210E-01
NB-95 3.090E+06 1.200E+06 8.610E+05 0.000E+00 1.130E+06 0.000E+00 2.230E+09
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO-99 0.000E+00 1.250E+05 3.090E+04 0.000E+00 2.670E405 0.000E+00 1.030E+05

TC-9SM 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 1.560E+08 0.000E+00 5.980E+07 0.000E+00 3.920E+08 0.000E+00 4.020E+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 4.440E+09 0.000E+00 5.540E+08 0.000E+00 5.990E+09 0.000E+00 6.900E+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-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

AG-110M 8.400E+06 5.670E+06 4.530E+06 0.000E+00 1.060E+07 0.000E+00 6.750E+08

§8-122 2.080E+03 2.170E+03 2.630E+04 3.450E+02 1.020E+03 4.460E+402 2.580E+05
SB-124 2.930E+09 3.800E+07 1.030E+09 8.460E+06 0.000E+00 1.620E+409 1.830E+10
$B-125 2.850E+09 2.190E+07 5.960E+08 2.640E+06 0.000E+00 1.590E+09 6.800E+09

TE-125M 5.690E+08 1.540E+08 7.590E+07 1.600E+08 0.000E+00 0.000E+00 5.490E+08
TE-127M 1.770E+09 4.780E+08 2,110E+08 4.240E+08 5.060E+09 0.000E+00 1.440E+09
TE-127 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.210E-09 0.000E+00 1.660E-08
TE-129M 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
TE-131M 7.000E+02 2.420E+02 2.580E+02 4.980E+02 2.340E+03 0.000E+00 9.820E+03
" 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 2.090E+06 9.270E+05 1.120E+06 1.350E+06 8.600E+06 0.000E+00 9.330E+06
1-130 3.390E-06 6.850E-06 3.530E-06 7.540E-04 1.020E-05 0.000E+00 3.200E-06
-131 1.660E+07 1.670E+07 9.490E+08 5.520E+09 2.740E+07 0.000E+00 1.490E+06
-132 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-133 6.680E-01 8.260E-01 3.120E-01 1.530E+02 1.380E+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 0.000E+00 0.000E+00 0.000E+00 0.000E+00

CS-134 9.220E+08 1.510E+09 3.190E+08 0.000E+00 4.690E+08 1.680E+08 8.150E+06
CS-136 1.590E+07 4.370E+07 2.830E+07 0.000E+00 2.330E+07 3.470E+06 1.540E+06
CS-137 1.330E+09 1.280E+09 1.880E+08 0.000E+00 4.160E+08 1.500E+08 7.990E+06

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-COW-MEAT DOSE FACTORS

. CHILD
(m2*mrem/yr per uCi/sec)
Nuclide .. Bone Liver. ‘Tbody . _Thyrold _  Kidney CLung . 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 4.390E+07 3.850E+04 2.560E+06 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 0.000E+00 . - 0.000E+00 0.000E+00 0.000E+00
LA-140 5.410E-02 1.890E-02  6.380E-03 0.000E+00  0.000E+00 0.000E+00 5.270E+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 1.640E+03 0.000E+00 4.840E+03 0.000E+00 1.380E+07
CE-143 3.300E-02 1.790E+01 2.590E-03 0.000E+00 7.510E-03 0.000E+00 2.620E+02
CE-144 2,320E+06 7.260E+405 1.240E+05 0.000E+00 4.020E+05 0.000E+00 1.890E+08
PR-143 3.390E+04 1.020E+04 1.680E403 0.000E+00 5.510E+03 0.000E+00 3.660E+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 1.170E+04 9.480E+03 7.340E+02 0.000E+00 5.200E403 0.000E+00 1.500E+07
EU-154 1.120E+07 1.010E406  9.190E+05 0.000E+00 4.420E+06 0.000E+00 2.340E+08
EU-155 2.330E+06 1.680E+05 1.310E+05 0.000E+00 6.280E+05 0.000E+00 4.200E+08
W-187 3.360E-02 1.990E-02 8.920E-03 0.000E+00 0.000E+00 0.000E+00 2.790E+00

NP-239 4.200E-01 3.020E-02 2.120E-02 0.000E+00 8.730E-02 0.000E+00 2.230E+03
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Attachment 12 ‘
Gaseous Effluent Pathway Dose Factors

GRASS-COW-MEAT DOSE FACTORS
INFANT
(m2*mrem/yr per uCi/sec)
Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract

THIS PATHWAY IS NOT APPLICABLE
TABLE INTENTIONALLY LEFT BLANK
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- ‘Attachment 12 -
Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
' +ADULT '
(m2*'mrem/yr p{erypi/svec)

Nuclide Bone Liver Tbody ©  Thyrold Kidney Lung Gltract
H-3 0.000E+00 2.260E+03 2260E+03  "2.260E+03  2.260E+03 2.260E+03 2.260E+03
c-14 8.970E+05 1.790E+05 1.790E+05 1.790E+05 1.780E405 1.790E+05 1.790E+05

NA-24 2.760E+05 2.760E+05 2.760E+405 2.760E+05 2.760E+405 2.760E+05 2.760E+05
P32 1.400E+09 8.730E+407 5.420E+07 0.000E+00 0.000E+00  0.000E+00 1.5aoé_+oa

CR-51 0.000E+00 0.000E+00 4.660E+04 2,790;#04 1.030E+04 6.190E+04 1.170E+07

. MN-54 0.000E+00 3.110E+08 5.940E+07 0.000E+00 9.270E+07 0.000E+00 9.540E+08
MN-56 0.000E+00 1.610E+01 2.850E+00 0.000E+00 2.040E+01 0.000E+00 5.130E+02
FE-55 2.090E+08 1.450E+08 3.370E407 Q.oodg+oo 0.000E+00 8.060E+07 8.290E407

. FE-59 1.270E+08 2.990E+08 1.140E+08 0.000E+00 0.000E+00 8.350E+07 9.960E+08

CO-57 0.000E+00 1.170E+07 1.950E+07 0.000E+00 o.ooo_E+oo 0.000E+00 2.970E+08

CO-58 0.000E+00 3.090E+07 6.920E+07 0.000E+00 0.000E+00 0.000E+00 6.260E+08

C0O-60 0.000E+00 1.670E+08 3.690E+08 0.0dOEfOO o.oooe+§o 0.000E+00 3.140E+09
NI-63 1.040E+10 7.210E+08 3.490E+08 0.000E+00 0.000E+00 0.000E+00 1.500E+08
NI-65 6.150E+01 7.990E+00 3.650E+00 0.000E+00 0.000E+00 ~  0.000E+00 2.030E+02

Cu-64 0.000E+00 9.270E+03 4.350E+03 0.000E+00 2.340E+04 0.000E+00 7.900E+05

ZN-65 3.170E+08 1.010E+09 4.560E+408 0.000E+00 6.750E+08 0.000E+00 6.360E+08

ZN-69 8.750E-06 1.670E-05 1.160E-06 0.000E+00 1.090E-05 0.000E+00 2.510E-06

BR-82 0.000E+00 0.000E+00 1.510E+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

. 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

RB-86 0.000E+00 2.190E+08 1.020E+08 0.000E+00 0.000E+00 0.000E+00 4.320E407

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 9.960E+09 0.000E+00 2.860E+08 0.000E+00 0.000E+00 0.000E+00 1.600E+09

SR-90 6.050E+11 0.000E+00 1.480E+11 0.000E+00 0.000E+00 0.000E+00 1.750E+10

.SR-91 3.200E+05 0.000E+00 1.290E+04 0.000E+00 0.000E+00 0.000E+00 1.520E+06

_ 8R-92 4.270E+02 0.000E+00 1.850E+01 0.000E+00 0.000E+00 0.000E+00 8.460E+03

. Y-80 1.330E+04 0.000E+00 3.560E+02 0.000E+00 0.000E+00 0.000E+00 1.410E+08

Y-91M 5.830E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.710E-08
Y-91 5.130E+06 0.000E+00 1.370E+05 0.000E+00 0.000E+00 0.000E+00 2.820E+09
Y-92 9.010E-01 0.000E+00 2.630E-02 0.000E+00 0.000E+00 0.000E+00 1.580E+04

Y-93 1.740E+02 0.000E+00 4.800E+00 0.000E+00 0.000E+00 0.000E+00 5.520E+06
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Attachment 12

Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
ADULT
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
ZR-95 1.190E+06 3.810E+05 2.580E+05 0.000E+00 5.970E+05 0.000E+00 1.210E+09
ZR-97 3.330E+02 6.730E+01 3.080E+01 0.000E+00 1.020E+02 0.000E+00 2.080E+07
NB-95 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-06 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+06 1.190E+06 0.000E+00 1.410E+07 0.000E+00 1.450E+07
TC-99M 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 0.000E+00
RU-103 4.800E+06 0.000E+00 2.070E+06 0.000E+00 1.830E+07 0.000E+00 5.610E+08
RU-105 5.390E+01 0.000E+00 2.130E+01 0.000E+00 6.960E+02 0.000E+00 3.300E+04
RU-106 1.930E+08 0.000E+00 2.440E+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-106 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+06 5.800E+06 0.000E+00 1.920E+07 0.000E+00 3.980E+09
SB-122 7.500E+05 7.820E+05 9.470E+06 1.240E+05 3.690E+05 1.610E+05 9.320E+07
SB-124 1.040E+08 1.960E+06 4.110E+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 9.660E+07 3.500E+07 1.290E+07 2.900E+07 3.930E+08 0.000E+00 3.860E+08
TE-12TM 3.490E+08 1.250E+08 4,260E+07 8.920E+07 1.420E+09 0.000E+00 1.170E+09
TE-127 5.760E+03 2.070E+03 1.250E+03 4.270E+03 2.350E+04 0.000E+00 4.540E+05
TE-129M 2.550E+08 9.500E+07 4,030E+07 8.750E+07 1.060E+09 0.000E+00 1.280E+09
TE-129 6.650E-04 2.500E-04 1.620E-04 5.100E-04 2.790E-03 0.000E+00 5.020E-04
TE-131M 9,120E+05 4.460E+05 3.720E+05 7.060E+05 4.520E+06 0.000E+00 4.430E+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 4.290E+06 2.770E+06 2.600E+06 3.060E+06 2.670E+07 0.000E+00 1.310E+08
1-130 3.960E+05 1.170E+06 4.610E+05 9.900E+07 1.820E+06 0.000E+00 1.010E+06
131 8.090E+07 1.160E+08 6.630E+07 3.790E+10 1.980E+08 0.000E+00 3.050E+07
1-132 5.740E+01 1.540E+02 5.380E+01 5.380E+03 2.450E+02 0.000E+00 2.890E+01
1-133 2.120E+06 3.690E+06 1.120E+06 5.420E+08 6.440E+06 0.000E+00 3.310E+06
1134 1.060E-04 2.880E-04 1.030E-04 5.000E-03 4.500E-04 0.000E+00 2.510E-07
11135 4.080E+04 1.070E+05 3.940E+04 7.040E+06 1.710E+05 0.000E+00 1.210E+05
CS-134 4.660E+09 1.110E+10 9.070E+09 0.000E+00 3.500E+09 1.190E+09 1.940E+08
Cs-136 4.200E+07 1.660E+08 1.190E+08 0.000E+00 9.240E+07 1.270E+07 1.890E+07
Cs-137 6.360E+09 8.700E+09 5.700E+09 0.000E+00 2.950E+09 9.810E+08 1.680E+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

VEGETATION DOSE FACTORS

ADULT
. (m2*mrem/yr per uQi{sec)
Nuclide Bone Liver . Thody Thyrold Kidney Lung Gltract
BA-139 2.950E-02 2.100E-05 8.640E-04 Q.000E+00 A 1 .860E-05 1.190E-05 5.230E-02
BA-140 1 .2905+08_ 1.620E+05 8.430E+0é 0.000E+00 ‘5.4_90§E+04 9.250E+404 2.650E+08
BA-141 0.000E+00 0.000E+00 9.006E+00 6.QOOE+00 6.000E+00 0.000E+00 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+06 0.000E+00 0.000E+00 0.000E+00 0.060E+00
LA-140 1.970E+03 9.920E+02 2.6é0E+02 0.000E+06 0.000E+00 0.000E+00 7.280E+07
LA-142 1.400E-04 6.350595 1 .580E-05 0.000E+00 0.000E+00 0.000E+00 4.640E-01
CE-141 1.960E+05 1.330E+05 1.51 OE+M Q.OOOE+00 6.1 70-E+0.4 0.000E+00 6.080E+08
CE-143 1.000E+03 7.420E+05 8.210E+01 0.009E+00 3.260E+02 0.000E+00 2.770E+407
CE-144 3.290E+07 1.380E+07 1 .77QE+06 0.000E+00 8.160E+06 0.000E+00 1.110E+10
PR-143 6.340E+04 2.540E+04 3.140E+03 0.000E+00 1.470E+04 0.000E;OO 2.780é+08
PR-144 0.000E+00 0.000E+00 0.000E+00 0.0QOE+00 0.060E+00 0.0%§+00 0.000E+00
ND-147 3.340E+04 3.860E+04 2.310E+03 0._060Ef00 2.2SOE+O‘} 0.000E+00 1.850E+08
EU-154 | 4.850E+07 5.970E+06 4.250E+06 0.000E+00 2.860E+07 0.000E+00 4.320E+09
EU-155 6.710E+06 9.510E+05 6.140E+05 ‘0..000Ef‘00 4.390§+06 0.000E+00 7.490E+08
W-187 3.820E+04 3.190E+04 1.120E+04 0.000E+00 0.000'E+00 0.000E+00 1 .0§0E+07

NP-239 1.420E+03 1.400E+02 7.720E+01 0.000E+00 4.370E+02 0.000E+00 2.870E+07
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Attachment 12

Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
TEEN
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E+00 2.500E+03 2.590E+03 2.590E+03 2.590E+03 2,590E+03 2.590E+03
C-14 1.450E+08 2.910E+05 2.910E+05 2.910E+05 2.910E+05 2.910E+05 2.910E+05

NA-24 2.450E+05 2.450E+05 2.450E+05 2.450E+05 2.450E+05 2.450E+05 2.450E+05
P-32 1.610E+09 9.960E+07 6.230E+07 0.000E+00 0.000E+00 0.000E+00 1.350E+08

CR-51 0.000E+00 0.000E+00 6.200E+04 3.440E+04 1.360E+04 8.850E+04 1.040E+07

MN-54 0.000E+00 4.520E+08 8.970E+07 '0.000E+00 1.350E+08 0.000E+00 9.270E+08

MN-56 0.000E+00 1.450E+01 2.580E+00 0.000E+00 1.830E+01 0.000E+00 9.540E+02

FE-55 3.250E+08 2.310E+08 5.380E+07 0.000E+00 0.000E+00 1.460E+08 9.980E+07
FE-59 1.810E+08 4.220E+08 1.630E+08 0.000E+00 0.000E+00 1.330E+08 9.980E+08
co-57 0.000E+00 1.790E+07 3.000E+07 0.000E+00 0.000E+00 0.000E+00 3.340E+08

CO-58 0.000E+00 4.380E+07 1.010E+08 0.000E+00 0.000E+00 0.000E+00 6.040E+08

CO-60 0.000E+00 2.490E+08 5.600E+08 0.000E+00 0.000E+00 0.000E+00 3.240E+09
Nt-63 1.610E+10 1.130E+09 5.450E+08 0.000E+00 0.000E+00 0.000E+00 1.810E+08
NI-65 5.730E+01 7.320E+00 3.330E+00 0.000E+00 0.000E+00 0.000E+00 3.970E+02

Cu-64 0.000E+00 8.400E+03 3.950E+03 0.000E+00 2.120E+04 0.000E+00 8.510E+05

ZN-65 4,240E+08 1.470E+09 6.860E+08 0.000E+00 9.410E+08 0.000E+00 6.230E+08

ZN-69 8.190E-06 1.560E-05 1.090E-06 0.000E+00 1.020E-05 0.000E+00 2.880E-05

BR-82 0.000E+00 0.000E+00 1.330E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-83 0.000E+00 0.000E+00 3.010E+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
BR-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00

RB-86 0.000E+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 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 1.510E+10 0.000E+00 4.330E+08 0.000E+00 0.000E+00 0.000E+00 1.800E+09

SR-90 7.510E+11 0.000E+00 1.850E+11 0.000E+00 0.000E+00 0.000E+00 2.110E+10

SR-91 2.990E+05 0.000E+00 1.190E+04 0.000E+00 0.000E+00 0.000E+00 1.360E+06

SR-92 3.970E+02 0.000E+00 1.690E+01 0.000E+00 0.000E+00 0.000E+00 1.010E+04
Y-90 1.240E+04 0.000E+00 3.340E+02 0.000E+00 0.000E+00 0.000E+00 1.020E+08

Y-91M 5.430E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.560E-07
Y-91 7.870E+06 0.000E+00 2.110E+05 0.000E+00 0.000E+00 0.000E+00 3.230E+09
Y-92 8.470E-01 0.000E+00 2.450E-02 0.000E+00 0.000E+00 0.000E+00 2.320E+04

Y-93 1.630E+02 0.000E+00 4.470E+00 0.000E+00 0.000E+00 0.000E+00 4.980E+06
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~.Attachment12 -~
,Galseous Efflueng I'fathnw_ay Dose Fac_:to_rs
VEGETATION DOSE FACTORS
- .TEEN  ~~ °
(m2*mremlyr per qC_i/sec)
Nuclide Bone Liver ,Tbody Thyrold Kidney Lung _Gltract
"ZR95 1.740E+06 5.490E+05 3780E+05 _ 0.000E+00" ~ B.O070E+05S ~  0.000E+00 ~  1.270E+09
ZR-97 3.090E+02 6.110E+01 2.810E+01 0.000E+00 9.260E+01 o.ooos+dp 1.650E+07
NB-95 1.920E+05 1.060E+05 5.ssoé+_o4 ' 0.000E+00 1.030E+05 0.000E+00 4.550E+08
NB-97 2.690E-06 6.670E-07 2.440E-07 0.000E+00 ‘7,80654)7 0.000E+00 1.590E-02
MO-99 0.000E+00 5.740E+06 1.090E+06 0.000E+00 13106407 0.000E+00 1.030E407
TC-99M 2.700E+00 7.540E+00 9.770E+01 0.000E+00 1.120E+02 4.190E+00 4.950E+03
_TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 6.870E+06 0.000E+00 2.940E+06 p.oooapi; 2.420E407 0.000E+00 5.zaoééos
RU-105 5.000E+01 0.000E+00 1.940E+01 0.000E+00 6.310E+02 0.000E+00 4.040E+04
RU-106 3.090E+08 0.000E+00 3.900E+407 0.000E+00 5.970E+08 0.000E+00 1.480E+10
RH-103M 0.000E+00 0.000E+00 0.000E+00 b.ooos+oq 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 1.520E+07 1.440E+07 8.740E406 0.000E+00 2.740E+07 q.oqué+oo 4.040E+09
$B-122 4.920E+05 5.130E+05 6.220E+06 8.150E+04 2.420E+05 1.060E+05 6.120E+07
$B-124 1.550E+08 2.850E+06 6.030E+07 3.s{oe+os 0.000E+00 1.350E+08 3.1105;09
SB-125 2.140E+08 2.340E+06 5.000E+07 2.040E+05 0.000E+00 1.880E+08 1.660E+09
TE-125M 1.480E+08 5.340E+07 1.980E+07 4.140E+07 0.000E+00 0.000E+00 4.370E+08
TE-127M 5.510E+08 1.960E+08 6.560E+07 1.310E+08 2.240E+09 0.000E+00 1.370E+09
TE-127 5.430E+03 1.920E+03 1.170E+03 3.740E+03 2.200E+04 0.000E+00 4.190E+05
TE-129M 3.670E+08 1.360E+08 5.810E+07 1.180E+08 1.540E+09 0.000E+00 1.380E+09
TE-129 6.220E-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 3.380E+05 6.090E+05 4.220E+06 0.000E+00 3.250E+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 3.900E+06 2.4T0E+06 2.320E+06 2.600E+06 2.370E+07 0.000E+00 7.820E+07
1-130 3.540E+05 1.020E+06 4.090E+05 8.350E+07 1.580E406 0.000E+00 7.870E+05
1131 7.700E+07 1.080E+08 5.790E+07 3.140E+10 1.850E+08 0.000E+00 2.130E+07
11132 5.180E+01 1.360E402 4.870E+01 4.570E+03 2.140E+02 0.000E+00 5.910E+01
11133 1.970E+06 3.340E+06 1.020E+06 4.660E+08 5.860E+06 0.000E+00 2.530E+06
1-134 9.590E-05 2.540E-04 9.130E-05 4.240E-03 4.010E-04 0.000E+00 3.350E-06
35 3.680E+04 9.480E+04 3.520E+04 6.100E+06 1.500E+05 0.000E+00 1.050E+05
CS-134 7.090E+09 1.670E+10 7.740E+09 0.000E+00 5.300E+09 2.020E+09 2.080E+08
CS-136  4.290E+07 1.690E+08 1.130E+08 0.000E+00 9.190E+07 1.450E+07 1.360E+07
CS-137 1.010E+10 1.350E+10 4.690E+09 0.000E+00 4.590E+09 1.780E+09 1.920E+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 o
Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
TEEN
{m2*mremlyr per uCi/sec)

Nuclide Bone Liver Thody Thyrold Kidney 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+06 0.000E+00 5.750E+04 1.140E+05 2.130E+08
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 1.800E+03 8.840E+02 2.350E+02 0.000E+00 0.000E+00 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 8.860E+04 0.000E+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 5.270E+07 2.180E+07 2.830E+06 0.000E+00 1.300E+07 0.000E+00 1.330E+10
PR-143 7.120E+04 2.840E+04 3.550E+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 3.940E+04 2.360E+03 0.000E+00 2.320E+04 0.000E+00 1.420E+08
EU-154 7.060E+07 9.120E+06 6.430E+406 0.000E+00 4.080E+07 0.000E+00 4.820E+09
EU-155 1.540E+07 1.480E+06 9.190E+05 0.000E+00 5.800E+06 0.000E+00 8.510E+09
w-187 3.550E404 2.900E+04 1.020E+04 0.000E+00 0.000E+00 0.000E+00 7.840E+06

NP-239 1.380E+03 1.300E+02 7.240E+01 0.000E+00 4.090E+02 0.000E+00 2.100E+07
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 Attachment 12
.Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
CHILD
. (m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Thody Thyrold Kidney Lung _Gltract
H3 0.000E+00 4.010E+03 4.010E403" ~" ~ 4.010E+03 4.010E+03 4.010E+03 '4.010E+03
c-14 3.500E+06 7.010E+05 7.q1§Efos 7.010E+05 7.010E+05 7.010E+05 7.010E+05
NA-24 3.830E+05 3.830E+05 3.830E+05 3.830E+05 3.830E+05 3.830E+05 3.830E+05
P-32 3.370E+09 1,580E+08 1.300E+08 0.000E+00 0.000E+00 0.000E+00 9.300E+07

CR-51 0.000E+00 0.000E+00 1.180E+05 6.540E+04 1.780E+04 1.190E+05 6.250E+06

MN-54 0.000E+00 6.610E+08 1.760E+08 0.000E+00 1.850E+08 0.000E+00 5.550E+08

MN-56 0.000E+00 1.900E401 4.280E+00 0.000E+00 2.290E+01 0.000E+00 2.750E+03
FE-55 8.000E+08 4.240E+08 1_.3105+oé 0.000E+00 0.000E+00 2.400E+08 7.860E+07
FE-59 4.010E+08 6.400E+08 3.230E+08 0.000E+00 0.000E+00 1.880E+08 6.760E+08

co-57 0.000E+00 2.990E+07 6.040E+07 0.000E+00 0.000E+00 0.000E+00 2.450E+08

CO-58 0.000E+00 - 6.470E+07 1.980E+08 0.000E+00 0.000E+00 0.000E+00 3.770E+08

C0-60 0.000E+00 3.780E+08 1.120E+09 0.000E+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 1.420E+08
NI-65 1.050E+02 9.890E+00 5.770E+00 0.000E+00 0.000E+00 0.000E+00 1.210E+03

cu-64 0.000E+00 1.110E+04 6.690E+03  0.000E+00 2.680E+04 0.000E+00 5.200E+05

ZN-65 8.120E+08 2.160E+09 1.350E+09 0.000E+00 1.360E+09 0.000E+00 3.800E+08

ZN-69 1.510E-05 2.180E-05 2.020E-06 0.000E+00 1.320E-05 0.000E+00 1.380E-03

BR-82 0.000E+00 0.000E+00 2.040E+06 0.000E+00 0.000E+00 0.000E+00 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+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

RB-86 0.000E+00 4.520E+08 2.780E+08 -  0.000E+00 0.000E+00 0.000E+00 2.910E+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 o.oooabo 0.000E+00 0.000E+00 0.000E+00

SR-89 3.500E+10 0.000E+00 1.030E+09 0.000E+00 0.000E+00 0.000E+00 1.390E+09

SR-90 1.240E+12 0.000E+00 3.150E+11 0.000E+00 0.000E+00 0.000E+00 1.670E+10

SR-91 5.500E+05 0.000E+00 2.080E+04 0.000E+00 0.000E+00 0.000E+00 1.210E+06

SR-92 7.280E402 0.000E+00 2.920E+01 0.000E+00 0.000E+00 0.000E+00 1.380E+04
Y-90 2.300E404 0.000E+00 6.170E+02 0.000E+00 0.000E+00 0.000E+00 6.560E+07

Y-91M 9.940E-09 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.950E-05
Y-91 1.870E+07 0.000E+00 5.010E+05 0.000E+00 0.000E+00 0.000E+00 2.490E+09
Y-92 1.560E+400 0.000E+00 4.460E-02 0.000E+00 '0.000E+00 0.000E+00 4.510E+04

. Y-93 3.010E+02 0.000E+00 8.250E+00 0.000E+00 0.000E+00 0.000E+00 4.480E+06
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Attachment 12
Gaseous Effluent Pathway Dose Factors
VEGETATION DOSE FACTORS
CHILD
. (m2*'mrem/yr per uCi/sec)
Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
ZR-95 3.900E+06 8.580E+05 7.640E+05 0.000E+00 1.230E+06 0.000E+00 8.950E+08
ZR-97 5.640E+02 8.150E+01 4.810E+01 0.000E+00 1.170E+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-06 8.850E-07 4,130E-07 0.000E+00 9.820E-07 0.000E+00 2.730E-01
MO-99 0.000E+00 7.830E+06 1.940E+06 0.000E+00 1.670E407 0.000E+00 6.480E+06
TC-93M 4.650E+00 9.120E+00 1.510E+02 0.000E+00 1.330E+02 4.630E+00 5.190E+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 1.550E+07 0.000E+00 5.940E+06 0.000E+00 3.890E+07 0.000E+00 3.990E+08
RU-105 9.170E+01 0.000E+00 3.330E+01 0.000E+00 8.060E+02 0.000E+00 5.980E+04
RU-106 7.450E+08 0.000E+00 9.300E+07 0.000E+00 1.010E+09' 0.000E+00 1.160E+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-106 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 3.220E+07 2.170E+07 1.740E+07 0.000E+00 4.050E407 0.000E+00 2.580E+09
$B-122 3.050E+05 3.180E+05 3.850E+06 5.050E+04 1.500E+05 6.540E+04 3.790E+07
'SB-124 3.520E+08 4.570E+06 1.230E+08 7.780E+05 0.000E+00 1.960E+08 2.200E+09
SB-125 4.990E+08 3.850E+06 1.050E+08 4.620E+05 0.000E+00 2.780E+08 1.190E+09
TE-125M 3.510E+08 9.500E+07 4.6T0E+07 9.840E+07 0.000E+00 0.000E+00 3.380E+08
TE-127TM 1.320E+09 3.560E+08 1.570E+08 3.160E+08 3.770E+09 0.000E+00 1.070E+09
TE-127 1.000E+04 2.700E+03 2.150E+03 6.930E+03 2.850E+04 0.000E+00 3.910E+05
TE-129M 8.540E+08 2.390E+08 1.330E+08 2.750E+08 2.510E+09 0.000E+00 1.040E+09
TE-129 1.150E-03 3.2205-04 2.740E-04 8.220E-04 3.370E-03 0.000E+00 7.170E-02
TE-131M 1.540E+06 5.330E+05 5.680E+05 1.100E+06 5.160E+06 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 6.980E+06 3.090E+08 3.730E+08 4.500E+06 2.870E+07 0.000E+00 3.110E+07
1130 6.210E405 1.260E+06 6.470E+05 1.380E+08 1.880E+06 0.000E+00 5.870E+05
-131 1.430E+08 1.440E+08 8.180E+07 4.760E+10 2.360E+08 0.000E+00 1.280E+07
1-132 9.200E+01 1.690E+02 7.770E+01 7.840E+03 2.590E+02 0.000E+00 1.990E+02
" 1133 3.590E+06 4.440E+06 1.680E+06 8.250E+08 7.400E+06 0.000E+00 1.790E+06
1-134 1.700E-04 3.160E-04 1.460E-04 7.280E-03 4.840E-04 0.000E+00 2.100E-04
1135 6.540E+04 1.180E+05 5.570E+04 1.040E+07 1.810E+05 0.000E+00 8.980E+04
CS-134 1.600E+10 2.630E+10 5.540E+09 0.000E+00 B.140E+09°  2.920E+09 1.420E+08
CS-136 B.OG0E+07 2.220E+08 1.430E+08 0.000E+00 1.180E+08 1.760E+07 7.790E+06
Cs-137 2.390E+10 2.290E+10 3.380E+09 0.000E+00 7.460E+09 2.680E+09 1.430E+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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VEGETATION DOSE FACTORS

"CHILD
; (m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract

BA-139 5.110E-02 2.730E-05 1480E-03 OO000E+00 ~  2.380E-05 1.610E-05 2.950E+00
BA-140 2770E+408  2430E405 1620407  0.000E+00  7.000E+04  1.450E+05  1.400E+08
BA-141 0000E+00  O0O000E+00  OO000E+00  O.000E+00  O.000E+00  O.000E+00  0.000E+00
BA-142 0.000E+00  0.000E+00  0.000E+00  O0.000E+00  O0.000E+00  0.000E+00  0.000E+00
LA-140 3230E403  1.130E+03  3B810E+02  0.000E+00' - O.000E+00  O0.000E+00  3.150E+07
LA-142 2.320E-04 7.400E-05 2320E-05 - 0.000E+00 - 0.000E+00  0.000E+00  1.470E+01
CE-141 6.350E+05  3.260E+05 = 4.840E+04  O0.000E+00  1.430E+05  0.000E+00  4.070E+08
CE-143 1730E403  ©.360E+05  1.360E402  0.000E+00  3930E+02  O0O00E+00  1.370E+07
CE-144 1270E+08  3.980E+07  6.780E+06  O0O000E+00  2.210E407  O0OCOE+00  1.040E+10
PR-143 1480E+05  4460E+04  7.370E403  O0.000E+00  2410E404  O0OOOE+00  1.600E+08
PR-144 0.000E+00  O0.000E+00  0.000E+00  0Q00E+00  0.000E+00  O0.000E+00  0.000E+00
ND-147 7.460E404  5.800E+04  4.490E+03  O0000E+00  3.480E+04  O0.000E+00  9.180E+07
EU-154 1.660E408  1.500E+07  1.370E407  O0O000E+00  6.570E+07  OOO0E400  3.480E+09
EU-155 3440E+07  2.480E+06  1.040E+06  O0OQ00E+00  0.280E+06  O0.000E+00  6.200E+09
W-187 6470E+04  3830E+04  1.720E+04  O0000E+00  O0.000E+00  O0.000E+00  5.380E+06
NP-239 2550E+403  1.830E+02  1.200E+02  O0.000E+00  5.300E+02  O0.000E+00  1.360E+07
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GROUND PLANE DOSE FACTORS

TEEN
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E+00 0.000E+00 0.000E+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 0.000E+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 1.210E+07
P-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
CR-51 4.680E+06 4.680E+06 4.680E+06 4.680E+06 4.68B0E+06 4.680E+06 4.680E+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+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05
FE-55 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
CO-58 3.820E+08 3.820E+08 3.820E+08 3.820E+08 3.820E+08 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-65 2.970E+405 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05
CuU-64 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05
2ZN-65 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+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 4.890E+03 4.890E+03 4.890E+03 4.890E+03 4.890E+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+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 8.980E+06 8.980E+06 8.980E+06 8.980E+06 8.980E+06 8.980E+06 8.080E+06
RB-88 3.290E+04 3.290E+04 3.290E+04 3.290E+04 3.290E+04 3.200E+04 3.290E+04
RB-89 1.210E+05 1.210E+05 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-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+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06
SR-92 7.770E+405 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.770E+05
Y-90 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03
Y-91M 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05
Y-91 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06
Y-92 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05
Y-93 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05
ZR-95 2.480E+08 2.480E+08 2.4B0E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08
ZR-97 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06
NB-95 1.360E+08 1.360E+08 1.360E+08 1.360E+08 1.360E+08 1.360E+08 1.360E+08
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GROUND PLANE DOSE FACTORS

" TEEN
(m2*mrem/yr per uCi/sec)
Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
MO-99 4.050E+06 4.050E+06 4.050E+06 ~ "4.050E+06 4.050E+06 - 4.050E+06 4.050E+06 -

TC-99M 1.830E+05 1.830E+05 1.830E+05 1.830E+05 1.830E+05 1.830E+05 1.830E+05
-TC-_1 01 2.040E+04 2.040E+04 2.040E404‘ 2.040E+04 2.040E+04 2.040E+04 2.040E+04
RU-103 1.090E+08 1.090E+08 1.090E+08 1 .090E+08 1V.‘090E+08 1 .0905*08 1.090E+08
RU-105 6.360E+05 6.360E+b5 Gl..:iBOE+05 6.360E+05 6.360E+05 6.‘3_60E+OS 6.360E+05
RU-1 Oé 4.210E+08 4.210E+08 4.210E+08 4.2_10508 4.210E+08 4.210E+08 4.210E+08
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000ER)(; 0.000E+00 0.000E+00
RH-106 0.000E+00 0.000E+00 0.000E;OO 0.000E+00 0.000E+00 0.000E+00 0.000E+00
AG-110M 3.470E+09 3.470E+09 3.4?OE+0§ 3.470E+09 3.470E+409 3.470E+09 3.47bE+09
8B-122 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07
TE-125M 1.5650E+06 1.550E+06 1.550E+06 1.550E+06 1 .5.505406 1.550E+06 1.550E+06
TE-12TM | 9.170E+04 9.1‘70.E+04 9.17OE+0;1 9.170E+04 9.1705404 9.170E+04 9.170E+04
TE-127 3.000E+03 3.000E+03 3.000E+03 3.6065*63 3.000E+03 3.000E+03 3.000E+03
TE-129M 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 2.600E+04 2.600E+04 2.600E+04 2.600E+04 2.600E+04
TE-131M 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8.030E+06
TE-131 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04
TE-132 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06
1-130 5.530E+06 §.530E+06 5.530E+06 §.530E+06 5.530E+06 5.530E+06 5.530E+06
1-131 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07
1-132 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06
1-133 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06
1-134 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05
1-135 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06
CS-134 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09
CS-136 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08
CS-137 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10
CS-138 3.590E+05 3.590E+05 3.590E+05 3.590E+05 3.590E+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+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 4.180E+04 4.180E+04 4.180E+04 4.180E+04
BA-142 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04
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GROUND PLANE DOSE FACTORS

. TEEN
(m2*'mrem/yr per uCi/sec)

Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract
LA-140 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.810E+07 1.910E+07
LA-142 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05
CE-141 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07
CE-143 2.320E+06 2.320E+06 2.320E+08 2.320E+06 2.320E+06 2.320E+06 2.320E+06
CE-144 6.950E+07 6.950E+07 6.950E+07 6.950E+07 6.950E+07 6.950E+07 6.950E+07
PR-143 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E;OO 0.000E+00 0.000E+00
PR-144 1.830E+03 1 .8305+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03
ND-147 8.400E+06 8.400E+06 8.4065+06 8.400E+06 8.400E+06 8.400E+06 8.400E+06
EU-154 2,700E+10 2.700E+10 2.700E+10 2.700E+10 2.706E+10 2.700E+10 2.700E+10
EU-155 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08
W-187 2.360E+06 2.360E+06 2.360E+06 2.360E+06 2.360E;06 2.360E+06 2.360E+06
NP-239 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06
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Gaseous Effluent Pathway Dose Factors

GROUND PLANE DOSE FACTORS

CHILD
. (m2*mremlyr per uCi/sec)
Nuclide Bone Liver Tbody. Thyrold Kidney Lung Gltract
‘H-3 " 0.000E+00 0.000E+00 0.000E+00 "0.000E+00 ~  0.000E+00 0.000E+00 0.000E+00
.C-14 0.000E+00 0.000E+00 0.000éf00_ 0.000E+00 0.000E+00 0.000E+00 0.000E+00
NA-24 1.210E+07 1.210E+07 1.216E*_07 1.210E+07 1.210E+07 1.210E+07 1.210E+07
P-32 0.000E+00 0.0065+00 0.000E+00 0.000E+00 0.000E+00 0.6OOE+00 0.000E+00
CR-51 4.680E+06 4.680E+06 4.680E+06 4.686E+06 4'.680E:+06 4.6B0E+06 4.680E+06
_MN-54 1.340E+09 1.340E+09 1 34 dé+09 1 .340E+0§ 1.340E+09 1.340E+09 1.340E+09
MN-56 9.050E+05 9.050E+05 9.050E+05 9.050E+(55 9.050E+05 9.050E+05 9.050E+05
FE-55 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.060!';":00
FE-59 2.750E+08 2.750E+08 2.75(-).5;08 2.750E+08 2.750E+08 2.750E+08 2.750E+08
CO-58 3.820E+08 3.820E+08 3.820E+08 3.820E+08 3.820E+08 3.820E+08 3.820E+08
CO-60 2.160E+10 2.160E+16 2.:1605'4»10 2.160E+10 2.160E+10 2.160E+10 2.160E+10
NI-63 0.000E+00 0.000E+00 0.90654'00 0.000E+00 0.00E)E+00 0.000E+00 0.000E+00
NI1-65 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+65 2.970E+05
CuU-64 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05
ZN-65 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+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 4.890E+03 4.890E+03 4.890E+03 4.890E+03 4.890E+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+00 0.000E+00 6.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 8.980E+06 8.980E+06 8.980E+06 8.980E+06 8.980E+06 B8.980E+06 8.980E+06
RB-88 3.290E+04 3.290E+04 3.290E+04 3.290E+04 3.290E+04 3.290E+04 3.290E+04
RB-89 1.210E+405 1.210E+05 1.210E+05 1.216E+_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-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+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06
SR-92 7.770E+05 ‘ 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.7T70E+05 7.770E+05
Y-90 . 4.480E+03 4.480E+03 4.4B0E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03
Y-91M 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05
Y-91 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06
Y-92 . 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05
Y-93 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05
ZR-95 . 2.480E+08 2.4B0E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08
ZR-97 2.940E+06 2.940E+06 2.940E+06 2.940E*06' 2.940E+06 27940E+06 2.940E+06

NB-85 1.360E+08 1.360E+08 1.360E+08 1 360E+08 1.360E+08 1.360E+08 1.360E+08
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CHILD
(m2*mremvyr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
MO-99 4.050E+06 4.050E+06 4.050E+06 4.050E+06 4.050E+06 4.050E+06 4.050E+06
TC-99M 1.830E+05 1 .8365+05 1.830E+05 1.830E+05 1.830E+05 1.830E+05 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 1.090E+08 1.090E+08 1.090E+08 1.090E+08 1.090E+08 1.090E+08 1.090E+08
RU-105 6.360E+05 6.360E+05 6.360E+05 6.360E+05 6.360E+05 6.360E+05 6.360E+05
RU-106 4.210E+08 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 0.000E+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 3.470E+09 3.470E+09 3.470E+09 3.470E+09 3.470E+09 3.470E+09 3.470E+09
$B-122 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07 1.070E+07
TE-125M 1.550E+06 1.550E+06 1.550E+06 1.550E+06 1.550E+06 1.550E+06 1.550E+06
TE-12TM 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+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-129M 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 2.600E+04 2.600E+04 2.600E+04 2.600E+04 2.600E+04
TE-131M 8.030E+06 8.030E+06 8.030E+08 8.030E+06 8.030E+06 8.030E+06 8.030E+06
TE-131 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04
TE-132 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06
1130 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06
1131 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07
1-132 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06
1-133 2.470E+06 2470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06
1-134 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05
1-135 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06
CS-134 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09
CS-136 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08
Cs-137 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10
CS-138 3.590E+05 3.590E+05 3.590E+05 3.590E+05 3.590E+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+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 4.180E+04 4.180E+04 4.180E+04 4.180E+04
BA-142 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04
LA-140 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07
LA-142 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05
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GROUND PLANE DOSE FACTORS

. CHILD
, (m2'm;9mlyr per uCil_sep)

Nuclide Bone Liver Tbody . Thyrold Kidney Lung Gltract

CE-141 1.360E+07 1.360E+07 = 1.360E+07 1.360E+07 1.360E+07 ~ °~  1.360E+07 "1.360E+07
CE-143 2.329E+06 2.32OE+06 2.320E+66 2.320E+06 23ZOE+06 2.329E+06 2.320E+06
CE-144 6.950E+07 6.950E+07 6.950E407 . 6.950E+07 6.950}?0"/ 6.9505*6‘( 6.950E+07
PR-143 0.000E+00 0.000E+00 0.00QE-*OO‘ 0.060E+00 0.00QE+00 0.000E+00 0.000E+00
PR-144 1.830E+03 1.830E+03 1830E+403  1.830E+03 1.830E403 1.830E+03 1.830E+03
ND-147 ‘ 8.400E+06 8.400E+06 8.4'00.E+06 8.460E+06 8.400E+06 | 8.400E+06 8.400E+06 .
EU-154 2.700E+10 2.700E+10 2.7005;16 2.700é+10 . 2700E+10 2.700E+10 2.700E+10
EU-155 9.570E+08 9.570E+08 , 9.5;70E;08 - 9.570E+08 9.570E+08 9.570E+408 7 9.570E+408
w-187 2.360E+06 2.360E+06 2.360E+06 . 2.360E+06 2.360E+06 2.360E+06 2.360E+06
NP-239 1.710E+06 1.710E+b6 1.7_105+0§ ( 1.710E406 1.710E+06 1.710E+06

1.710E406
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INFANT _
, (m2*mrem/yr per uCi/sec)

Nuclide. Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E+00 0.000E+00 0.000E+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 0.000E+d0 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 1.210E+07
P-32 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E460 0.000E+00 0.000E+00
CR-51 4.680E+06 4.680E¢66 4.680E+06 4.680E+06 4.680‘E+06 4.680E+06 4.680E+06
MN-54 1.340E+09 1.340E+d§ 1.340E+09 1.340E+09 1 .340E+09 1.340E+09 1.340E+09
MN-56 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05 9.050E+05
FE-55 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 Z7SOE+0§ 2.750E+08 2.750E+08
CO-58 3.820E+08 3.820E+08 3.820E+08 3.820E+08 3.820E+08 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-65 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05 2.970E+05
Cu-64 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05 6.090E+05
ZN-65 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+08 7.450E+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 4.890E+03 4.800E+03 4.890E+03 4.890E+03 4.890E+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+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 8.980E+06 8.980E+06 8.980E+06 8.980E+08 8.980E+06 8.980E+06 8.980E+06
RB-88 3.290E+04 3.290E+04 3.200E+04 3.290E+04 3.290E+04 3.200E+04 3.200E+04
RB-89 1.210E+05 1.210E+05 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-91 2.190E+06 2,190E+06 2.190E+06 2.190E+06 2.190E+06 2.190E+06 2.180E+06
SR-92 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.770E+05 7.770E+05
Y-90 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03 4.480E+03
Y-91M 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05 1.010E+05
Y-91 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06 1.080E+06
Y-92 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05 1.800E+05
Y-93 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05 1.850E+05
ZR-95 2.480E+08 2.480E+08 2.480E+08 2.480E+08 2.480E+08 2.4B0E+08 2.480E+08
ZR-97 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06 2.940E+06
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- GROUND PLANE DOSE FACTORS

" INFANT
(m2*mrem/yr per uCi/sec)

Nuclide Bone Liver . Thody . Thyroid Kidney Lung Gltract
NB-95 1.360E+08 1.360E+08 1.360E+08 ~ °" 1.360E+08 1.360E+08 1.360E+08 1.360E+08
MO-99 4.050E+06 4.050E+06 4.05§§*b6 ' 4.050E+08 4.050E+06 4.050E+06 4.050E+06
TC-99M 1.830E+05 1.830E+05 V 1.830E+05 1.830E+05 1.830E405 1.830E+05 1.830E+05
TC-101. 2.040E+04 2.040E+04 2.040£+b4 . 2.040E+04 2.040E+04 2.040E+04 2.040E+04
RU-103 1.090E+08 1.090E+08 1.090E;08 .. 1.090E+08 1.090E+08 1.000E+08 1.090E+08
RU-105 . 6.360E+05 6.360E+05 6.360E+05 6.360E+05 6.360E+05 6.360é+05 6.360E+05 .
RU-106 4.210E+08 4.210E+08 4.210E+08 4.210E+08 4.21bE+08 4.210E+08 . . 4.210E+08 .
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 | 3.470E+09 3.470E+09 3.470E+09 .  3.470E+09 3.470E+09 . 3470E+09 ~ 3.470E+09
sB-122 | 1.070E+07 1.070E+07 1.070E+07 . 1.070E+07 1.070E+07 1.070E+07 . 1.070E+07
TE-125M 1.550E+06 1.550E+06 1.550E+06 . 1.550E+06 1.550E+06 1.550E+06 1.550E+06
TE-127TM 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+04 9.170E+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-129M 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 2.6005*04 2.600E+04 2.600E+04 2.600E+04 2.600E+04
TE-131M 8.030E+06 8.030E+06 8.030E+06 8.030E+06 8.030E+06 B.030E+06 8.030E+06
TE-131 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04 2.930E+04
TE-132 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06 4.220E+06
1-130 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06 5.530E+06
131 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07 1.720E+07
1-132 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06 1.240E+06
1-133 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06 2.470E+06
1-134 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05 4.490E+05
1-135 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06 2.560E+06
CS-134 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09 6.750E+09
CS-136 1.480E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08 1.490E+08
CS-137 . 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10 1.040E+10
CS-138 3.590E+05 3.590E+05 3.590E+05 3.590E+05 3.590E+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+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 4.180E+04 4.180E+04 4.180E+04 4.180E+04
BA-142 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04 4.490E+04
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INFANT
_ (m2*mrem/yr per uCi/sec) N '

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
LA-140 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07 1.910E+07
LA-142 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05 7.360E+05
CE-141 1.360E+07 1.360E+0;I A 1.360E+07 1.360E+07 1.360E+07 1.360E+07 1.360E+07
CE-143 2.320E+06 2.320E+06 2.320E+06 2.320E+06 2.320é+06 2.320E+06 2.320E+06
CE-144 6.950E+07 6.950E+07 6.950E+07 6.950E+07 6.950é+07 6.950E+07 6.950E+07
PR-143 0.000E+00 0.000E+00 0.000E+00 0.0005*06 0.000E+00 0.000E+00 0.000E+00
PR-144 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03 1.830E+03
ND-147 8.400E+06 8.400E+06 8.400E+06 8.400E+08 8.400E+06 8.400E+06 8.400E+06
EU-154 2.700E+10 2.700E+10 2.700E+10 2.700E+10 2.700é+10 2.700E+10 2,700E+10
EU-155 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08 9.570E+08
W-187 2.360E+06 2.360E+06 2.360E+06 2.360E+06 2.360E+06 2,360E+06 2.360E+06
NP-239 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06 1.710E+06
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
ADULT '
. (mrem/yr per uCi/m®)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H3 0.000E+00  1.260E403 ~ 1.260E+03 = ~ 1.260E+03  1260E+03  1.260E+03 ~  1.260E+03
c-14 18206404  3410E403  3410E403  3410E+03  3410E+03 3410E403 3410403

NA-24 . 1020E404 1020404  1.020E+04  1020E+404  1020E+04  1020E+04  1.020E+04
P-32 . 13206406 7.710E+404  5010E+04  0O00E+00  O.000E+00  O.000E+00  B.640E+04

CR-51 0000E+00  OO000E+00  1000E#02  5950E+01  2.280E+01 1.440E404  3.320E+03

MN-54 0000E+00  3960E+04  6300E+03  O0.000E+00  O.B40E+03  1400E406 7.740E+04

MN-56 0.000E+00  1.240E+00 1.830E-01 0.000E+00  1.300E400  O.440E+03 2.020E+04
FE-55 2460E+04  1J00E+04  3.940E+03 0000E+00  OO00E+00  7.210E404  6.030E+03
FE-59 1.180E+04  2780E+04  1060E+04  0O00E+00  O0.000E+00  1.020E+06  1.880E+05

CO-57. 0.000E+00  6.920E+02  6710E402  0.000E+00  O.000E+00  3700E+05  3.140E+04

cO-58 0.000E+00 1.580E+03  2070E+03  0.000E+00  O0O000E+00  9280E+05 1.060E+05

CO-60 0.000E+00 1.150E+04  1480E+04  O0O000E+00  OOOOE+00  5970E+06  2.850E+05
NI-63 4320E+05  3.140E+04  1450E404  OO0DE+00  OO00E+00  1780E+05  1.340E+04
N-65  1540E400  2.100E-01 9.420E02  OO000E+00  OO00E+00  S5600E+03 1230404

cu-64 0.000E+00  1.460E+00  6.150E-01 0.000E+00  4.620E+400  6780E+03 4.900E+04

_ZN-65 3240E+404  1030E405  4G660E404  OO00E+00  6.900E+04  8640E+05  5.340E+04

ZN-69 3.380E-02 6.510E-02 4520E-03  0O000E+00  4.220E02  9.200E+02  1.630E+01

BR-82 0.000E+00  O0O00E+00 1.350E+04  O0O00E+00  O0OQO00E+00  0.000E+00  1.040E+04

BR-83- 0.000E+00  O0O000E+00  2410E402  0.000E+00  OQ00E+00  OOQO0E+00  2.320E+02

BR-84 0.000E+D0  0000E+00  3.430E+02  0.000E+00  0.000E+00  0.000E+00 1.640E-03

BR-85 0.000E+00  0.000E+00  1.280E+401  0.000E+00  0.000E+00  O0.000E+00 0.000E+00

RB-86 0.000E+00  1.350E+05  5.800E+04  0.000E+00  OO00E+00  OO00E+00  1.660E+04

'RB-88 0.000E+00  3.870E+02  1.930E+02  O0.000E+00  0.000E+00  O0OQ00E+00  3.340E-09

RB-89 0.000E+00 2560E402  1700E+02  O0.000E+00  0O00E+00  0.000E+00  0.000E+00

SR-89 3040E+05  O0O000E+00  8720E+403  O0.000E+00  O0000E+00  1.400E+06  3.500E+05

SR-90 9.920E+07  0.000E+00  6.100E+06  O0.000E+00  O0O000E+00  9.600E+06  7.220E+05

SR-91 6.190E+01  0000E+00  2500E+00  0.000E+00  O0000E+00  3650E+D4  1.910E+05

SR-92 6740E+00  0.000E+00  2910E-01  0.000E400  O0.000E+00  1.650E+04  4.300E+04
Y-90 2000E403  0000E+00  5610E+401  O0.000E+00  O0.000E+00  1.700E+05  5.060E+05

Y-91M 2.610E-01 0.000E+00 1.020E-02  0O000E+00  0.000E+00  1.920E403  1.330E+00
Y-61 4620E405  OOO0E+00  1.240E404  O0O000E+00  0.000E+00  1700E+06  3.850E+05
Y92 . 1030E+01  0000E+00 3.020E-01 0.000E+00  O0.000E+00  1.570E+04  7.350E+04
Y-93 0.440E+01  0.000E+00  2.610E+00 0.000E+00  4.850E+04  4.220E+05

0.000E+00
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ADULT
. (mrem/yr per uCi/m®)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
ZR-95 1.070E+05 3.440E+04 2.330E+04 0.000E+00 5.420E+04 1.770E+06 1.500E+05
ZR-97 9.680E+01 1.960E+01 9.040E+00 0.000E+00 2.970E+01 7.870E+04 5.230E+05
NB-95 1.410E+04 7.820E+03 4.210E+03 0.000E+00 7.7T40E+03 5.050E+05 1.040E+05
NB-97 2.220E-01 5.620E-02 2.050E-02 0.000E+00 6.540E-02 2.400E+03 2.420E+02
MO-99 0.000E+00 1.210E+02 2.300E+01 0.000E+00 2.910E+02 9.120E+04 2.480E+05
TC-99M 1.030E-03 2.910E-03 3.700E-02 0.000E+00 4.420E-02 7.640E+02 4.160E+03
TC-101 4.180E-05 6.020E-05 5.900E-04 0.000E+00 1.080E-03 3.990E+02 0.000E+00
RU-103 1.530E+03 0.000E+00 6.580E+02 0.000E+00 5.830E+03 5.050E+05 1.100E+05
RU-105 7.900E-01 0.000E+00 3.110E-01 0.000E+00 1.020E+00 1.100E+04 4.820E+04
RU-106 6.910E+04 0.000E+00 8.720E+03 0.000E+00 1.340E+05 9.360E+06 9.120E+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 1.080E+04 1.000E+04 5.940E+03 0.000E+00 1.970E+04 4.630E+06 3.020E+05
$B-122 3.100E+03 4.110E+03 4.110E+04 1.070E+03 1.550E+03 1.670E+05 2.020E+05
SB-124 3.120E+04 5.890E+02 1.240E+04 7.550E+01 0.000E+00 2.480E+06 4.060E+05
$B-125 5.340E+04 5.950E+02 1.260E+04 5.400E+01 0.000E+00 1.740E+06 1.010E+05
TE-125M 3.420E+03 1.580E+03 4.6T0E+02 1.050E+03 1.240E+04 3.140E+05 7.060E+04
TE-127M 1.260E+04 5.770E+03 1.570E+03 3.290E+03 4.580E+04 9.600E+05 1.500E+05
TE-127 1.400E+00 6.420E-01 3.100E-01 1.060E+00 5.100E+00 6.510E+03 5.740E+04
TE-129M 9.760E+03 4.670E+03 1.580E+03 3.440E+03 3.660E+04 1.160E+06 3.830E+05
TE-129 4.980E-02 2.390E-02 1.240E-02 3.900E-02 1.870E-01 1.940E+03 1.570E+02
TE-131M 6.990E+01 4.360E+01 2.900E+01 5.500E+01 3.090E+02 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+01
TE-132 2.600E+02 2.150E+02 1.620E+02 1.900E+02 1.460E+03 2.880E+05 5.100E+05
1130 4.580E+03 1.340E+04 5.280E+03 1.140E+06 2.090E+04 7.690E+03 0.000E+00
1131 2.520E+04 3.580E+04 2.050E+04 1.190E+07 6.130E+04 0.000E+00 6.280E+03
1-132 1.160E+03 3.260E+03 1.160E+03 1.140E+05 5.180E+03 0.000E+00 4.060E+02
1-133 8.640E+03 1.480E+04 45205403 2.150E+06 2.580E+04 0.000E+00 8.880E+03
1134 6.440E+02 1.730E+03 6.150E+02 2.980E+04 2.750E+03 0.000E+00 1.010E+00
11135 2.680E+03 6.980E+03 2.570E+03 4.480E+05 1.110E+04 0.000E+00 5.250E+03
CS-134 3.730E+05 8.480E+05 7.280E+05 0.000E+00 2.870E+05 9.760E+04 1.040E404
Cs-136 3.900E+04 1.460E+05 1.100E+05 0.000E+00 8.560E+04 1.200E+04 1.170E+04
Cs-137 4.780E+05 6.210E+05 4.280E+05 0.000E+00 2.220E+05 7.520E+04 8.400E+03
Cs-138 3.310E+02 6.210E+02 3.240E+02 0.000E+00 4.800E+02 4.860E+01 1.860E-03
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~Attachment12 - ot
Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
"ADULT
(mrem/yr per uCi/m®)

Nucllde Bone Liver Tbody Thyrold Kidney Lung Gltract

"BA-139 9.360E-01 6.660E-04 2.740E-02 0.000E+00 6.220E-04 |  3.760E+03  8.960E+02
BA-140 3.900E+04 4.900E+01 2570E+03 0.000E400 1.670E+01 . 1270E406 .  2.180E+05 .
BA-141 1.000E-01 7.530E-05 3.360E-03 0.000E+00 7.000E-05 1.940E+03 .  1.160E-07
BA-142 2.630E-02 2.700E-05 1.660E-03 0.000E400  2.290E-05 1.190E+03 0.000E+00
LA-140 3.440E+02 1.740E402 ~ 4.580E+01 0.000E+00 0.000E+00 1.360E+05 4.580E+05
LA-142 6.830E-01 3.100E-01 7.720E02 . 0.000E+00  0.000E+00 .  6.330E+03 2.110E+03
CE-141 1.990E+04 1.350E+04 1.530E403  0.000E+00 6.260E+03 3.620E405 1.200E+05
CE-143 1.860E+02 1.380E+02 1.530E+01  0.000E+00 6.080E+01 7.980E+04 2.260E+05
CE-144 3.430E+06 1.430E+06 1.840E+05 0.000E+00 8.4B0E+05 7.780E+06 8.160E+05
PR-143 9.360E+03 3.750E+03 4640E+02 = 0.000E+00 2.160E+03 2.810E+405 2.000E+05
PR-144 3.010E-02 1.250E-02 1.530E-03 0.000E+00 7.050E-03 1.020E+03 2.150E-08
ND-147 5.270E+03 6.100E+03 3.650E+02 0.000E+00 3.560E+03 2.210E405 1.730E+05
EU-154 5.920E+06 7.280E+405 . 5.180E+05 = 0.000E+00 3.490E+06 4.6T0E+06 2.720E+05
EU-155 8.080E+05 1.140E+05 7.370E+04 0.000E+00 5.270E+05 7.570E405 4.760E+04
W-187 8.480E+00 7.080E+00 2480E+00 . 0.000E+00 0.000E+00 2.900E+04 1.550E+05
NP-239 2.300E+02 2.260E+01 1.240E+01 0.000E+00 7.000E+01 3.760E+04 1.190E+05
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
TEEN
(mrem/yr per uCi/m®)

Nucllde Bone Liver Thody Thyrold Kidney Lung Gltract
H-3 0.000E+00 1.270E+03 1.270E+03 1.270E+03 1.270E+03 1.270E+03 1.270E+03
c-14 2.600E+04 4.870E+03 4.870E+03 4.870E+03 4.870E+03 4.870E+03 4.870E+03
NA-24 1.380E+04 1.380E+04 1.380E+04 1.380E+04 1.380E+04 1.380E+04 1.380E+04
P-32 1.890E+06 1.100E+05 7.160E+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 2.100E+04 3.000E+03
MN-54 0.000E+00 5.110E+04 8.400E+03 0.000E+00 1.270E+04 1.980E+06 6.680E+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 5.540E+03 0.000E+00 0.000E+00 1.240E+05 6.390E+03
FE-59 1.590E+04 3.700E+04 1.430E+04 0.000E+00 0.000E+00 1.530E+06 1.780E+05
Co-57 0.000E+00 6.920E+02 9.200E+02 0.000E+00 0.000E+00 5.860E+05 3.140E+04
C0-58 0.000E+00 2.070E+03 2.780E+03 0.000E+00 0.000E+00 1.340E+06 9.520E+04
CO0-60 0.000E+00 1.510E+04 1.980E+04 0.000E+00 0.000E+00 8.720E+06 2.590E+05
NI-63 5.800E+05  4.340E+04 1.980E+04 0.000E+00 0.000E+00 3.070E+05 1.420E+04
NI-65 2.180E+00 2.930E-01 1.270E-01 0.000E+00 0.000E+00 9.360E+03 3.670E+04
CuU-64 0.000E+00 2.030E+00 8.480E-01 0.000E+00 6.410E+00 1.110E+04 6.140E+04
ZN-65 3.860E+04 1.340E+05 6.240E+04 0.000E+00 8.640E+04 1.240E+06 4.660E+04
ZN-69 4.830E-02 9.200E-02 6.460E-03 0.000E+00 6.020E-02 1.580E+03 2.850E+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-83 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-86 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 5.460E+02 2,720E+02 0.000E+00 0.000E+00 0.000E+00 2.920E-05
RB-89 0.000E+00 3.520E+02 2.330E+02 0.000E+00 0.000E+00 0.000E+00 3.380E-07
SR-89 4.340E+05 0.000E+00 1.250E+04 0.000E+00 0.000E+00 2.420E+086 3.710E+05
SR-90 1.080E+08 0.000E+00 6.680E+06 0.000E+00 0.000E+00 1.650E+07 7.650E+05
SR-91 8.800E+01 0.000E+00 3.510E+00 0.000E+00 0.000E+00 6.070E+04 2,590E+05
SR-92 9.520E+00 0.000E+00 4.060E-01 0.000E+00 0.000E+00 2.740E+04 1.190E+05
Y-90 2.980E+03 0.000E+00 8.000E+01 0.000E+00 0.000E+00 2.930E+05 5.500E+05
Y-91M 3.700E-01 0.000E+00 1.420E-02 0.000E+00 0.000E+00 3.200E+03 3.020E+01
Y-91 6.610E+05 0.000E+00 1.770E+04 0.000E+00 0.000E+00 2.940E+06 4.090E+05
Y-92 1.470E+01 0.000E+00 4.290E-01 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 8.320E+04 5.790E+05
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.Attachment 12 -
‘Gaseous Effluent _Pat'.h.way_Dose Factors
INHALATION DOSE FACTORS
.TEEN
(mrem/yr per uCi/m’)

Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract
2R95 "1.460E+05 4.580E+04°  3.150E+04 0.000E+00 6.740E+04 2.690E+06 1.490E+05
ZR97 1.380E+402 2720E401 . 1.260E401 0.000E+00 4.120E+01 1,300E+05 6.300E+05
NB-95 1.860E+04 1.030E+04 5.660E+03 0.000E+00 1.000E+04 . 7.510E+05 .  9.680E+04
NB-97 3.140E-01 7.780E-02 2.8405-02 0.000E+00 9.120E-02 3.930E+03 2.170E+03
MO-99 0.000E+00 1.690E+02 32265_+o1 0.000E+00 4.110E+02 1.540E405  2.690E+05
TC-99M 1.380E-03 3.860E-03 4.990E-02 0.000E+00 5.760E-02 1.450E403 .  6.130E403 .
TC-101 5.920E-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 8.960E+02 0.000E+00 7.430E+03 7.830E405 . 1.090E+05
RU-105 - 1.120E+400 0.000E+00 4.340E-01 0.000E+00 1.410E+00 1.820E+404 9.040E+04
RU-106 - 9.840E+04 0.000E+00 1.240E+04 0.000E+00  1.900E+05 1610E+07 . 9.600E+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 0.000E+00 0.000E+00
AG-110M 1.380E+04 1.310E+04 7.990E403 ~  0.000E+00  2.500E+04 6.750E+06 2.730E+05
$B-122 3.100E+03 .  4.110E+03 4.110E+04 . 1070E+03 1.550E+03 1.670E+05 2.020E+05
SB-124 . 4.300E+04 7.940E+02 1.680E+04 9.760E+01 0.000E+00 .  3.850E+06 3.980E+05
$B-125 -. 7.380E+04 8.080E+02 1.720E+04 7.040E401 0.000E+00 2.740E+06 . 9.920E+04
TE-125M 4.880E+03 2.240E+03 6.670E+02 1.400E+03 0.000E+00 5.360E+05 7.500E+04
TE-127TM 1,800E+04 8.160E+03 2.1B0E+03 4.380E+03 6.540E+04 1.660E+06 1.590E+405
TE-127 2.010E+00 9.120E-01 4.420E-01 1.420E+00 7.280E+00 1.120E+04 8.080E+04
TE-129M 1.390E+04 6.580E+03 2.250E+403 4.580E+03 5.100E+04 1.980E+06  4.050E+05
TE-129 7.100E-02 3.380E-02 1.760E-02 5.180E-02 2.660E-01 3.300E+03 1,620E+03
TE-131M 9.840E+01 6.010E+01 4.020E+01 7.250E+01 4.390E+02 2.380E+05 6.210E+405
TE-131 1.580E-02 8.320E-03 5.040E-03 1.240E-02 6.180E-02 2.340E+03 1.510E+01
TE-132 3.600E+02 2.900E+02 2.190E+02 2.460E+02 1.950E+03 4.490E+05 4.630E+05
11130 6.240E+03 1.790E+04 7.170E+03 1.490E+06 2.750E+04 0.000E+00 9.120E+03
1131 3.540E+04 4.910E+04 2.640E+04 1.460E+07 B8.400E+04 0.000E+00 6.490E+03
1-132 1.530E+03 4.380E+03 1.580E+03 1.510E+05 6.920E+03 0.000E+00 1.270E+03
1-133 1.220E+04 2.050E+04 6.220E+03 2.920E+06 3.500E+04 0.000E+00 1.030E+04
11134 8.880E+02 2.320E+03 8.400E+02 3.950E+04 3.660E+03 0.000E+00 2.040E+01
11135 3.700E+03 9.440E+03 3.490E+403 6.210E+05 1.490E+04 0.000E+00 6.950E+03
CS-134 5.020E+05 1.130E+406 5.490E+05 0.000E+00 3.750E+405 1.460E+05 9.760E+03
€S-136 5.150E+04 1.940E+05 1.370E+05 0.000E+00 1.100E+05 1.780E+04 1.090E+404
CS-137 6.700E+05 8.480E+05 3.110E+05 0.000E+00 3.040E+05 1.210E+405 8.480E+03
CS-138 4.660E+02 8.560E+02 4.460E+02 0.000E+00 6.620E+02 7.870E+01 2.700E-01
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Attachment 12

Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
TEEN
(mrem/yr per uCi/m®)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
BA-139 1.340E+00  9.440E-04 3.900E-02 0.000E+00  8.880E-04 6460E+03  6.450E+03
BA-140 5470E+04  6.700E+01 3520E+03  0.000E+00  2.280E+01 2030E+08  2290E+05
BA-141 1.420E-01 1.060E-04 4.740E-03 0.000E+00  9.840E-05 3290E+03  7.460E-04
BA-142 3.700E-02 3.700E-05 2.270E-03 0.000E+00  3.140E-05 1.910E+03  0.000E+00
LA-140 ATO0E+02  2360E+02  6.260E+01 0.000E+00  O0.O00E+00  2.140E+05  4.870E+05
LA-142 9.600E-01 4.250E-01 1.060E-01 0.000E+00 0.000E+00 1.020E+04 1.200E+04
CE-141 2.840E404  1.00E+04  2.170E+03  0000E+00  B8.880E+03  6.140E+05 1.260E+05
CE-143 2660E+02  1.940E+02  2.160E+01 0.000E+00  8.640E+01 1.300E+05  2.550E+05
CE-144 4.890E+06  2020E+06  2620E+05  0.000E+00  1.210E+06 1.340E407  B.640E+05
PR-143 1.340E+04  5.310E+03  6.620E+02  0.000E+00  3.090E+03  4.830E+05  2.140E+05
PR-144 4.300E-02 1.760E-02 2.180E-03 0.000E+00 1.01 6E-02 1.750E+03 2.350E-04
ND-147 7.860E+03  B8.560E+03  5.130E+02  O0.000E+00  5020E+03  3.720E+05 1.820E+405
EU-154 7.540E+06  O.840E+05  G6.880E+05  0.000E+00  4.350E+06  7.300E+06  2.670E+05
EU-155 1.600E+06 1570E+05  9680E+04  0.000E+00  6.120E+05 1.210E+07  4.780E+05
W-187 1.200E+01 9.760E+00  3.430E+00  O0000E+00  O0.000E+00  4.740E+04 1.770E+05
NP-239 3380E+02  3.190E+01 1.770E+01 0.000E+00 1.000E+02  6.490E+04 1.320E+05
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Attachment 12
Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FA(}TORS
" "CHILD
(mremyr per uCifm?)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 " 0.000E+00 1.120E403 1.120E+03 1.120E+03 1.120E+03 1.120E+03 1.120E+03
c-14 3590E+04  6.730E+03 6.730E+03 6.730E403 6.730E+03 6.730E+03 6.730E+03

NA-24 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E+04 1.610E+04
P-32 2.600E+06 1.140E405 9.880E+04 0.000E+00 0.000E+00 0.000E+00 4.220E+04

CR-51 0.000E+00 0.000E+00 1.540E+02 8.550E+01 2.430E+01 1.700E+04 1.080E+03

MN-54 0.000E+00 4.290E+04 9.510E+03 0.000E+00 1.000E+04 1.580E+06 2.290E+04

MN-56 0.000E+00 1.660E+00 3.120E-01 0.000E+00 1.670E400 1.310E+04 1.230E+05
FE-55 4.740E+04 2.520E+04 7.770E+03 0.000E+00 0.000E+00 1.110E+05 2.870E+03
FE-59 2.070E+04 3.340E+04 1.670E+04 0.000E+00 0.000E+00 1.270E+06 7.070E+04

co-57 0.000E+00 9.030E+02 1.070E+03 0.000E+00 0.000E+00 5.070E+05 1.320E+04

co-58 0.000E+00 1.770E+03 3.160E+03 0.000E+00 0.000E+00 1.110E+06 3.440E+04

CO-60 0.000E+00 1.310E+04 2.260E404 0.000E+00 0.000E+00 7.070E+06 9.620E+04
NI-63 8.210E+05 4.630E+04 2.800E+04 0.000E+00 0.000E+00 2.750E+05 6.330E+03
NI-65 2.990E+00 2.960E-01 1.640E-01 0.000E+00 0.000E+00 8.180E+03 8.400E+04

cu-64 . 0.000E+00 1.990E+00 1.070E+00 0.000E+00 6.030E+00 9.580E+03 3.670E+04

ZN-65 4.260E+04 1.130E405 7.030E+04 0.000E+00 7.140E+04 9.950E+05 1.630E+04

ZN-69 6.700E-02 9.660E-02 8.920E-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 4.740E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-84 0.000E+00 0.000E+00 5.480E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00

BR-85 0.000E+00 0.000E+00 2.530E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00

RB-86 0.000E+00 1.980E+05 1.140E+05 0.000E+00 0.000E+00 0.000E+Q0 7.990E+03

RB-88 0.000E+00 5.620E+02 3.660E+02 0.000E+00 0.000E+00 0.000E+00 1.720E+01

RB-89 0.000E+00 3.450E+02 2.900E+02 0.000E+00 0.000E+00 0.000E+00 1.890E+00

SR-89 5.990E+05 0.000E+00 1.720E+04 0.000E+00 0.000E+00 2.160E+06 1.670E+05

SR-90 1.010E+08 0.000E+00 6.440E+06 0.000E+00 0.000E+00 1.480E+07 3.430E+405

SR-91 1.210E+02 0.000E+00 4.590E+00 0.000E+00 0.000E+00 5.330E+04 1.740E+05

SR-92 1.310E+01 0.000E+00 5.250E-01 0.000E+00 0.000E+00 2.400E+04 2.420E+05
Y-90 4.110E+03 0.000E+00 1.110E+02 0.000E+00 0.000E+00 2.620E+405 2.680E+05

Y-91M 5.070E-01. 0.000E+00 1.840E-02 0.000E+00 0.000E+00 2.810E+03 1.720E+03
Y-91 9.140E+05 0.000E+00 2.440E+04 0.000E+00 0.000E+00 2.630E+06 1.840E+05
Y-92 2.040E+01 0.000E+00 5.810E-01 0.000E+00  * 0.000E+00 2.390E+04 2.390E+05
Y-93 1.860E+02 0.000E+00 5.110E+00 0.000E+00 0.000E+00 7.440E+04 3.890E+405

ZR-95 1.900E+05 4.180E+04 3.700E+04 0.000E+00 5.960E+04 2.230E+06 6.110E+04



OFFSITE DOSE CALCULATION MANUAL

- Rev. 7

Page 280 of 319

| ‘Attachment 12
Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
CHILD
(mrem/yr per uCi/m?®)

Nuclide Bone 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+05
NB-95 2.350E+04 9.180E+03 6.550E+03 0.000E+00 8.620E+03 6.140E+05 3.700E+04
NB-97 4.290E-01 7.700E-02 3.600E-02 0.000E+00 8.550E-02 3.420E+03 2.780E+04
MO-99 0.000E+00 1.720E+02 4.260E+01 0.000E+00 3.920E+02 1.350E+05 1.270E+05
TC-99M 1.780E-03 3.480E-03 5.770E-02 0.000E+00 5.070E-02 9.510E+02 4.810E+03
TC-101 8.100E-05 8.510E-05 1.080£-03 0.000E+00 1.450E-03 5.850E+02 1.630E+01
RU-103 2.790E+03 0.000E+00 1.070E+03 0.000E+00 7.030E+03 6.620E+05 4.480E+04
RU-105 1.530E+00 0.000E+00 5.550E-01 0.000E+00 1.340E+00 1.500E+04 9.950E+04
RU-106 1.360E+05 0.000E+00 1.600E+04 0.000E+00 1.840E+05 1.430E+07 4.290E+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 1.690E+04 1.140E+04 9.140E+03 0.000E+00 2.120E+04 5.480E+06 1.000E+05
$B-122 1.440E+03 1.980E+03 1.900E+04 4.960E+02 7.180E+02 7.730E+04 9.360E+04
SB-124 5.740E+04 7.400E+02 2.000E+04 1.260E+02 0.000E+00 3.240E+06 1.640E+05
$B-125 9.840E+04 7.590E+02 2.070E+04 9.100E+01 0.000E+00 2.320E+06 4.030E+04
TE-125M 6.730E+03 2.330E403 9.140E+02 1.920E+03 0.000E+00 4.770E+05 3.380E+04
TE-127M 2.490E+04 8.550E+03 3.020E+03 6.070E+03 6.360E+04 1.480E+06 7.140E+04
TE-127 2.770E+00 9.510E-01 6.110E-01 1.960E+00 7.070E+00 1.000E+04 5.620E+04
TE-129M 1.920E+04 6.850E+03 3.040E+03 6.330E+03 5.030E+04 1.760E+06 1.820E+05
TE-129 9.770E-02 3.500E-02 2.380E-02 7.140E-02 2.570E-01 2.930E+03 2.550E+04
TE-131M 1.340E+02 5.920E+01 5.070E+01 9.770E+01 4.000E+02 2.060E+05 3.080E+05
TE-131 2.170E-02 8.440E-03 6.590E-03 1.700E-02 5.880E-02 2.050E+03 1.330E+03
TE-132 4.810E+02 2.720E+02 2.630E+02 3.170E+02 1.840E+03 3.770E+05 1.380E+05
1-130 8.180E+03 1.640E+04 8.440E+03 1.850E+06 2.450E+04 0.000E+00 5.110E+03
1131 4.810E+04 4.810E+04 2.730E+04 1.620E+07 7.880E+404 0.000E+00 2.840E+03
1132 2.120E+03 4.070E+03 1.880E+03 1.940E+05 6.250E+03 0.000E+00 3.200E+03
1133 1.660E+04 2.030E+04 7.700E+03 3.850E406 3.380E+04 0.000E+00 5.480E+03
1134 1.170E+03 2.160E+03 9.950E+402 5.070E+04 3.300E+03 0.000E+00 9.550E+02
1-135 4.920E+03 8.730E+03 4.140E+03 7.920E+05 1.340E+04 0.000E+00 4.440E+03
CS-134 6.510E+05 1.010E+06 2.250E+05 0.000E+00 3.300E+05 1.210E+05 3.850E+03
CS-136 6.510E404 1.710E+05 1.160E+05 0.000E+00 9.550E+04 1.450E+04 4.180E+03
Cs-137 9.070E+405 8.250E+405 1.280E+05 0.000E+00 2.820E+405 1.040E+05 3.620E+03
Cs-138 6.330E+02 8.400E+02 5.550E+02 0.000E+00 6.220E+02 6.810E+01 2.700E+02
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Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
' .. CHILD ‘
» . (mrem/yr per uCilm®)
Nuclide Bone Liver. Thody Thyrold Kidney Lung Gltract
BA-139 1.840E+00 9.840E-04 537002  0.000E+00  ° 8.620E-04 5.770E+03 5.770E+04
BA-140 ‘ 7.400E+04 6.480E+01 4L3365+pa d.dodabo 2.110E+01 1.740E+06 1.020E+405
BA-141 1.960E-01 1,090E-04 6.360E-03 0.000E+00 9.470E-05 2.920E+03 2.750E+02
BA-142 5.000E-02 3.600E-05 2.790E-03 0.000E+00 2.910E-05 1.640E+03 2.740E+00
LA-140 6440E+02 2250402 7.550E+01 0.000E+00  0.000E+00 1._£3qu+05 2.260E+05
LA-142 1.300E+00  4.110E-01 1290E01  0000E+00  0000E+00  BJO00E+03  7.590E+04
CE-141 3.920E+04 1.950E+404 2.900E+03 0.000E+00 8.550E+03 5.440E+05 5.660E+04
.CE-143 3.660E+02 1.990E+02  2.870E+01 d.ooos}oo 8.360E+01 1.150E+05 1.270E+05
CE-144 6.770E+06 2.120E+06 :;.sjoaos 0.000E+00 1.170E+06 1.200E+07 3.80E+05
PR-143 1.850E+04 5.550E+03 040E+02  0.000E+00 3000E+03  4.330E+05 9.730E+04
PR-144 5’960E'°~2. 1 :850E~02 3.000E-03 0.000E+00 9.770E-03 1 .57OE+Q3 1.970E+02
ND-147 . 1.080E+04 8.730E+03 6.810E+02 d.qooe+oo 4.810E+03 3.280E+405 8.210E+04
EU-154 1.010E+07 9.210E+05 s._zxooéés 0.000E+00 4.030E+06 6.140E+406 1.100E+05
EU-155 2.070E+06 1.500E+05 1.15654_05 0.000E+00 5590E+05  1.030E+06 1.990E+05
W-187 1.630E+01 9.660E+00 4.336;+oo 0.000E+00 0.000E+00  4.110E+04 9.100E+04
NP-239 4700E402  3.340E+01 2.350E+01 0.000E+00  9.730E+01 5.810E+04 6.400E+04
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Attachment 12

Gaseous Effluent Pathway Dose Factors
'INHALATION DOSE FACTORS
INFANT

(mrem/yr per uCi/m’) J ,

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
H-3 0.000E+00 6.470E+02 6.470E+02 6.470E+02 6.470E+02 6.470E+02 6.470E+02
c-14 2.650E+04 5.310E+03 5.310E+03 5.310E+03 5.310E+03 5.310E+03 5.310E+03
NA-24 1.060E+04 1.060E+04 1.060E+04 1.060E+04 1.060E+04 1.060E+04 1.060E+04
P-32 2.030E+06 1.120E+05 7.740E+04 0.000E+00 0.000E+00 0.000E+00 1.610E+04
CR-51 0.000E+00 0.000E+00 8.950E+01 5.750E+01 1.320E+01 1.280E+04 3.570E+02
MN-54 0.000E+00 2.530E+04 4.980E+03 0.000E+00 4.980E+03 1.000E+06 7.060E+03
MN-56 0.000E+00 1.540E+00 2.210E-01 0.000E+00 1.100E+00 1.250E+04 7.170E+04
FE-55 1.970E+04 1.170E+04 3.330E+03 0.000E+00 0.000E+00 8.690E+04 1.090E+03
FE-59 1.360E+04 2.350E+04 9.480E+03 0.000E+00 0.000E+00 1.020E+06 2.480E+04
co-57 0.000E+00 6.510E+02 6.410E+02 0.000E+00 0.000E+00 3.790E+05 4.860E+03
cO-58 0.000E+00 1.220E+03 1.820E+03 0.000E+00 0.000E+00 7.7T70E+05 1.110E+04
€0-60 0.000E+00 8.020E+03 1.180E+04 0.000E+00 0.000E+00 4.510E+06 3.190E+04
NI-63 3.390E+05 2.040E+04 1.160E+04 0.000E+00 0.000E+00 2.090E+05 2.420E+03
NI-65 2.390E+00 2.840E-01 1.230E-01 0.000E+00 0.000E+00 8.120E+03 5.010E+04
Ccu-64 0.000E+00 1.880E+00 7.740E-01 0.000E+00 3.980E+00 9.300E+03 1.500E+04
ZN-65 1.930E+04 6.260E+04 3.110E+04 0.000E+00 3.250E+04 6.470E+05 5.140E+04
ZN-69 5.390E-02 9.670E-02 7.180E-03 0.000E+00 4.020E-02 1.470E+03 1.320E+04
BR-82 0.000E+00 0.000E+00 1.330E+04 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 3.810E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-84 0.000E+00 0.000E+00 4.000E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-85 0.000E+00 0.000E+00 2.040E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 0.000E+00 1.900E+05 8.820E+04 0.000E+00 0.000E+00 0.000E+00 3.040E+03
RB-88 0.000E+00 5.570E+02 2.870E+02 0.000E+00 0.000E+00 0.000E+00 3.390E+02
RB-89 0.000E+00 3.210E+02 2.060E+02 0.000E+00 0.000E+00 0.000E+00 6.820E+01
SR-89 3.980E+05 0.000E+00 1.140E+04 0.000E+00 0.000E+00 2.030E+06 6.400E+04
SR-90 4.090E+07 0.000E+00 2.590E+06 0.000E+00 0.000E+00 1.120E+07 1.310E+05
SR-91 9.560E+01 0.000E+00 3.460E+00 0.000E+00 0.000E+00 5.260E+04 7.340E+04
SR-92 1.050E+01 0.000E+00 3.910E-01 0.000E+00 0.000E+00 2.380E+04 1.400E+05
Y-90 3.290E+03 0.000E+00 8.820E+01 0.000E+00 0.000E+00 2.690E+05 1.040E+05
Y-91M 4.070E-01 0.000E+00 1.390E-02 0.000E+00 0.000E+00 2790E+03  2.350E+03
Y-91 5.880E+05 0.000E+00 1.570E+04 0.000E+00 0.000E+00 2.450E+06 7.030E+04
Y-92 1.640E+01 0.000E+00 4.610E-01 0.000E+00 0.000E+00 2.450E+04 1.270E+05
Y-93 1.500E+02 0.000E+00 4.070E+00 0.000E+00 0.000E+00 7.640E+04 1.670E+05
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7 Attachment 12

.Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
" " TINFANT '
(mrem/yr per uCi/m®)

Nuclide Bone Liver Thody . Thyrold Kidney Lung Gltract
ZR-95 1.150E+05 T 2.790E+04 Z.OSQE':D_‘% "0.000E+00 3.110E+04 1 .750Ef96 2.170E+04
.ZR-97 1.500E+02 2.560E+01 1.17QE+01, , O.QQOEfOO 2.5905#01} 1.100E+05 1.400E+05
NB-95 1.570E+04 6.430E+03 3.780E.403’ Q.096§+00 4.720E+03 4.790E+05 1.270E+04
NB-97 3.420E-01 7.290E-02 2.63_05-02 0.000E+00 5.700E-02 3.320E+03 2.690E+04
-MO-99 0.000E+00 1.650E+02 3.230E+01 0.960E+00 2.650E+02 1_.359E+05 4.870E"_r'04
TC-99M 1.400E-03 2.880E-03 3.720E-02 0.000E+00 31 10E-02 8.11 0E+92 2.030E+03
TC-101 6.510E-05 8.230E-05 81 2'OE-04 0.000E+00 9.7995-04 5.840E+02 8.440E+02
RU-103 2.020E+03 0.000E+00 6.7905+02 0.000E+00 4.?4OE+03 5.520E+05 1.610E+04
RU-105 1.220E+00 0.000E+00 44 00!;—01 ) 0.000!?.'4'00 8.999E-01 1.570E+04 4.840E+04
RU-106 8.680E+04 0.000E+00 1.090E+04 O.QOPE+00 1.070E+05 1.160E+07 1.640E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.00QE+00 0.000E+00 Q.OOOE*OQ 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 9.980E+03 7.220E+03 5.00QE+03 0.009E+00 1.090E+04 3.670E+06 3.300E+04
§B-122 5.430E+02 7.200E+02 7.200E+03 1.880E+02 2.720E+02 2.930E+04 3.540E+04
S$B-124 3.790E+04 5.560E+02 1.200E+04 1.010E+02 0.000E+00 2.650E+06 5.910E+04
§B-125 5170E+04  4.770E+02 1.090E+04  6.230E+01 0.000E+00 1.640E+06 1.470E+04
TE-125M 4.760E+403 1.990E+03 6.580E+02 1.620E+03 0.000E+00 4.470E+05 1.290E+04
TE-127M 1.670E+04 6.900E+03 2.070E+03 4.870E+03 3.750E+04 1.310E+06 2.730E+04
TE-127 2.230E+400 9.530E-01 4.890E-01 1.850E+00 4.860E+00 1.030E+04 2.440E+04
TE-129M 1.410E+04 6.090E+03 2.230E+03 5.470E+03 3.180E+04 1.680E+06 6:900E*04
TE-129 7.880E-02 3.470E-02 1.880E-02 6.750E-02 1.750€E-01 3.000E+03 2.630E+04
TE-131M 1.070E+02 6.500E+01 3.630E+01 8.930E+01 2.650E+02 1.990E+05 1.190E+05
TE-131 1.740E-02 8.220E-03 5.000E-03 1.680E-02 3.990E-02 2.060E+403 8.220E+03
TE-132 3.720E+02 2.370E+02 1.760E+02 2.790E+02 1.030E+03 3.400E+05 4.410E+04
1-130 6.360E+403 1.390E+04 5.570E+03 1.600E+06 1.530E+04 0.000E+00 1.990E+03
-131 3.790E+04 4.440E+04 1.960E+04 1.480E+07 5.180E+04 0.000E+00 1.060E+03
1-132 1.690E+03 3.540E+403 1.260E+03 1.690E+05 3.950E+03 0.000E+00 1.900E+03
1-133 1.320E+04 1.920E+04 5.600E+03 3.560E+06 2.240E+04 0.000E+00 2.160E+03
1-134 9.210E+02 1.880E+03 6.650E+02 4 450E+04 2.090E+03 0.000E+00 1.290E+03
1-135 3.860E+03 7.600E+03 2.770E+403 6.960E+05 8.470E+03 0.000E+00 1.830E+03
CS-134 3.960E+05 7.030E+05 7.450E+04 0.000E+00 1.900E+05 7.970E+04 1.330E+03
CS-136 4.830E+04 1.350E+05 5.290E+04 0.000E+00 5.640E+04 1.180E+04 1.430E+03
CS-137 5.490E+05 6.120E+05 4.550E+04 0.000E+00 1.720E+05 7.130E+04 1.330E+03
CS-138 5.050E+02 7.810E+02 3.980E+02 0.000E+00 4.100E+02 6.540E+01 8.760E+02
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Attachment 12

Gaseous Effluent Pathway Dose Factors
INHALATION DOSE FACTORS
INFANT
(mremlyr per uCi/m’)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract

BA-139 1.480E+00 9.840E-04 4.300E-02 0.000E+00 5.920E-04 5.950E+03 5.100E+04
BA-140 5.600E+04 5.600E+01 2.900E+03 0.000E+00 1.340E+01 1.600E+06 3.8405404
BA-141 1.570E-01 1 .0865—04 4.970E-03 0.000E+00 6.500E-05 2.970E+03 4.750E+03
BA-142 3.980E-02 3.300E-05 1.960E-03 0.000E+00 1.900E-05 1.550E+03 6.930E+02
LA-140 5.050E+02 2.000E+02 5.150E+01 0.000E+00 0.000E+00 1.680E+05 8.480E+04
LA-142 1.030E+00 3.770E-01 9.040E-02 0.000E+00 0.000E+00 8.220E+03 5.950E+04
CE-141 2.770E+04 1 .670E.+04 1.990E+03 0.000E+00 5.250E+03 5.170E+05 2.160E+04
CE-143 2.930E+02 1.930E+02 2.210E+01 0.000E+60 5.640E#01 1.160E+05 4.970E+04
CE-144 3.190E+06 1.210E+66 1.760E+05 0.000E+00 5.380E+05 9.840E+06 1.480E+05
PR-143 1.400E+04 5.240E403 6.990E+02 0.000E+00 1.970E+03 4.330E+05 3.720E+04
PR-144 4.790E-02 1.850E-02 2.410E-03 0.000E+00 6.720E-03 1.610E+03 4.280E+03
ND-147 7.940E+03 8.130E+03 5.000E+02 0.000E+00 3.150E+03 3.220E+05 3.120E+04
EU-154 4.140E+06 4.840E+05 3.430E+05 0.000E+00 1.540E+06 4.270E+06 3.980E+04
EU-155 8.360E+05 8.010E+04 4.840E+04 0.000E+00 2.210E+05 7.280E405 7.270E+04
W-187 1.300E+01 9.020E+00 3.120E+00 0.000E+00 0.000E+00 3.960E+04 3.560E+04
NP-239 3.710E+02 3.320E+01 1.880E+01 0.000E+00 6.620E+01 5.950E+04 2.490E+04
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Gaseous Effluent Pathway Dose Factors

GRASS-COW-MILK DOSE FACTORS

ADULT
(m? *mrem/yr per uCisec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
H-3 0.000E400  7.630E+02 7.630E4+02  7.630E+02 7.630E402  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 . 2.540E+06 2.540E+06 2.540E+06 2.540E+06 2.540E+06 2.540E+06 2.540E+06
P-32 1.710E+10 1.060E+09 6.600E+08 0.000E+00 0.000E+00 0.000E+00 1.920E+09
CR-51 0.000E+00 0.000E+00 2.860E+04 1.710E+04 6.300E+03 3.800E+04 7.200E+06
MN-54 0.000E+00 8.400E+06 1.600E+06 0.000E+00 2.500E+06 0.000E+00 2.570E+07
MN-56 0.000E+00 4.230E-03 7.510E-04 0.000E+00 5.380E-03 0.000E+00 1.350E-01
FE-55 2.510E+07 1.730E+07 4.040E+06 0.000E+00 0.000E+00 9.670E+06 9.950E+06
FE-59 2.980E+07 7.000E+07 2.680E+07 0.000E+00 0.000E+00 1.950E+07 2.330E+08
CO-57 0.000E+00 1.280E+06 2.130E+06 0.000E+00 0.000E+00 0.000E+00 3.250E+07
CO-58 0.000E+00 4.720E+06 1.060E+07 0.000E+00 0.000E+00 0.000E+00 9.570E+07
CO0-60 0.000E+00 1.640E+07 3.620E+07 0.000E+00 0.000E+00 0.000E+00 3.080E+08
NI-63 6.730E+09 4.660E+08 2.260E+08 0.000E+00 0.000E+00 0.000E+00 9.730E+07
NI-65 3.700E-01 4.810E-02 2.190E-02 0.000E+00 0.000E+00 0.000E+00 1.220E+00
Cu-64 0.000E+00 2.410E+04 1.130E+04 0.000E+00 6.080E+04 0.000E+00 2.050E+06
ZN-65 1.370E+09 4.360E+09 1.970E+09 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 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-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-86 0.000E+00 2.590E+09 1.210E+09 0.000E+00 0.000E+00 0.000E+00 5.110E+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 0.000E+00
SR-89 1.450E+09 0.000E+00 4.160E+07 0.000E+00 0.000E+00 0.000E+00 2.330E+08
SR-90 4.680E+10 0.000E+00 1.150E+10 0.000E+00 0.000E+00 0.000E+00 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-92 4.890E-01. 0.000E+00 2.110E-02 0.000E+00 0.000E+00 0.000E+00 9.680E+00
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ADULT

(m? *mrem/yr per uCi/sec) '

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
Y-90 7.070E+01 0.000E+00 1.900E+00 0.000E+00 0.000E+00 0.000E+00 7.500E+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 8.600E+03 0.000E+00 2.300E+02 0.000E+00 0.000E+00 0.000E+00 4.730E+06
Y-92 5.420E-05 0.000E+00 1.580E-06 0.000E+00 0.000E+00 0.000E+00 9.490E-01
Y-93 2.330E-01 0.000E+00 6.430E-03 0.000E+00 0.000E+00 0.000E+00 7.390E+03
ZR-95 9.460E+02 3.030E+02 2.050E+02 0.000E+00 4.760E+02 0.000E+00 8.620E+05
ZR-97 4.260€E-01 8.590E-02 3.930E-02 0.000E+00 1.300E-01 0.000E+00 2.660E+04
NB-95 8.250E+04 4.590E+04 2.470E+04 0.000E+00 4.540E+04 0.000E+00 2.790E+08
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.470E-09
MO-99 0.000E+00 2.520E+07 4.800E+06 0.000E+00 5.720E+07 0.000E+00 5.850E+07
TC-9SM 3.250E+00 9.190E+00 1.170E+02 0.000E+00 1.400E+02 4.500E+00 5.440E+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 1.020E+03 0.000E+00 4.390E+02 0.000E+00 3.890E+03 0.000E+00 1.190E+05
RU-105 8.570E-04 0.000E+00 3.380E-04 0.000E+00 1,110E-02 0.000E+00 5.240E-01
"RU-106 2.040E+04 0.000E+00 2.580E+03 0.000E+00 3.940E+04 0.000E+00 1.320E+06
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 5.830E+07 5.390E+07 3.200E+07 0.000E+00 1.060E+08 0.000E+00 2.200E+10
$B-122 6.010E+05 6.270E+05 7.590E+06 9.960E+04 2.960E+05 1.290E+05 7.470E+07
$B-124 8.580E+08 1.620E+07 3.400E+08 2.080E+06 0.000E+00 6.680E+08 2.440E+10
S§B-125 6.810E+08 7.610E+06 1.620E+08 6.930E+05 0.000E+00 5.250E+08 7.500E+09
TE-125M 1.630E+07 5.900E+06 2.180E+06 4.900E+06 6.630E+07 0.000E+00 6.500E+07
TE-127TM 4.580E+07 1.640E+07 5.580E+06 1.170E+07 1.860E+08 0.000E+00 1.540E+08
" TE-127 6.720E+02 2.410E+02 1.450E+02 4.980E+02 2.740E+03 0.000E+00 5.300E+04
TE-129M 6.040E+07 2.250E+07 9.570E+06 2.080E+07 2.520E+08 0.000E+00 3.040E+08
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 3.610E+05 1.770E+05 1.470E+05 2.800E+05 1.790E+06 0.000E+00 1.750E+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 2.390E+06 1.550E+06 1.450E+06 1.710E+06 1.490E+07 0.000E+00 7.320E+07
<130 4.260E+05 1.260E+06 4.960E+05 1.070E+08 1.960E+06 0.000E+00 1.080E+06
1-131 2.960E+08 4.240E+08 2.430E+08 1.390E+11 7.270E+08 0.000E+00 1.120E+08
1-132 1.640E-01 4.370E-01 1.530E-01 1.530E+01 6.970E-01 0.000E+00 8.220E-02
11133 3.970E+06 6.900E+06 2.100E+06 1.010E+09 1.200E+07 0.000E+00 6.200E+06
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ADULT
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Ltung Gltract
134 0.000E+00 0.000E+00 0.000E+00 " 0.000E+00 0.000E+00 " 0.000E+00 0.000E+00
1-135 1.390E+04 3.630E+04 1.340E+04 2.400E+06 5.830E+04 0.000E+00 4.100E+04
CS-134 5.650E+09 1.340E+10 1.100E+10 0.000E+00 4.350E+09 1.440E+09 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 6.610E+09 0.000E+00 3.430E+09 1.140E+09 1.950E+08
Cs-138 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BA-139 4.700E-08 0.000E+00 1.380E-09 0.000E+00 0.000E+00 0.000E+00 8.340E-08
BA-140 2.690E+07 3.380E+04 1.760E+06 0.000E+00 1.150E+04 1.930E+04 5.540E+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 4.490E+00 2.260E+00 5.970E-01. 0.000E+00 0.000E+00 0.000E+00 1.660E+05
LA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.030E-08
CE-141 4.840E+03 3.270E+03 3.710E+02 0.000E+00 1.520E+03 0.000E+00 1.250E+07
CE-143 4.190E+01 3.090E+04 3.420E+00 0.000E+00 1.360E+01 0.000E+00 1.160E+06
CE-144 3.580E+05 1.500E+05 1.920E+04 0.000E+00 8.870E+04 0.000E+00 1.210E+08
PR-143 1.590E+02 6.370E+01 7.880E+00 0.000E+00 3.680E+01 0.000E+00 6.960E+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 9.420E+01 1.090E+02 6.520E+00 0.000E+00 6.370E+01 0.000E+00 5.230E+05
EU-154 2.370E+04 2.910E+03 2.070E+03 0.000E+00 1.390E+04 0.000E+00 2.110E+06
.EU-155 3.300E+03 4.680E+02 3.020E+02; 0.000E+00 2.160E+03 0.000E+00 3.680E+05
W-187 6.560E+03 5.480E+03 1.920E+03 0.000E+00 0.000E+00 0.000E+00 1.800E+06
NP-239 3.660E+00 3.600E-01 1.980E-01. 0.000E+00 1.120E+00 0.000E+00 7.390E+04
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Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract

H-3 0.000E+00 9.940E+02 9.940E+02 9.940E+02 9.940E+02 9.940E+02 9.940E+02
C-14 6.700E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05
NA-24 4.440E+06 4.440E+06 4.440E+06 4.440E+06 4.440E406 4.440E+06 4.440E+06
P-32 3.150E+10 1.950E+09 1.220E+09 0.000E+00 0.000E+00 0.000E+00 2.650E+09
CR-51 0.000E+00 0.000E+00 5.000E+04 2.780E+04 1.100E+04 7.130E+04 8.400E+06
MN-54 0.000E+00 1.400E+07 2.780E+06 0.000E+00 4.170E+06 0.000E+00 2.870E+07
MN-56 0.000E+00 7.510E-03 1.330E-03 0.000E+00 9.500E-03 0.000E+00 4.940E-01
FE-55 4.450E+07 3.160E+07 7.360E+06 0.000E+00 0.000E+00 2.000E+07 1.370E+07
'FE-59 5.200E+07 1.210E+08 4.680E+07 0.000E+00 0.000E+00 3.820E+07 2.870E+08
CO-57 0.000E+00 2.250E+06 3.760E+06 0.000E+00 0.000E+00 0.000E+00 4.190E+07
CO-58 0.000E+00 7.950E+06 1.830E+07 0.000E+00 0.000E+00 0.000E+00 1.100E+08
CO-60 0.000E+00 2,780E+07 6.260E+07 0.000E+00 0.000E+00 0.000E+00 3.620E+08
NI-63 1.180E+10 8.350E+08 4.010E+08 0.000E+00 0.000E+00 0.000E+00 1.330E+08
NI-65 6.780E-01 8.660E-02 3.940E-02 0.000E+00 0.000E+00 0.000E+00 4.700E+00
Cu-64 0.000E+00 4.290E+04 2.020E+04 0.000E+00 1.090E+05 0.000E+00 3.330E+08
ZN-65 2.110E+09 7.310E+09 3.410E+09 0.000E+00 4.680E+09 0.000E+00 3.100E+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 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-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-86 0.000E+00 4.730E+09 2.220E+09 0.000E+00 0.000E+00 0.000E+00 7.000E+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 0.000E+00
SR-89 2.670E+09 0.000E+00 7.660E+07 0.000E+00 0.000E+00 0.000E+00 3.180E+08
SR-90 6.610E+10 0.000E+00 1.630E+10 0.000E+00 0.000E+00 0.000E+00 1.860E+09
SR-91 5.750E+04 0.000E+00 2.290E+03 0.000E+00 0.000E+00 0.000E+00 2.610E+05
SR-92 8.950E-01 0.000E+00 3.810E-02 0.000E+00 0.000E+400 0.000E+00 2.280E+01
Y-90 1.300E+02 0.000E+00 3.500E+00 0.000E+00 0.000E+00 0.000E+00 1.070E+06
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 1.580E+04 0.000E+00 4.240E+02 0.000E+00 0.000E+00 0.000E+00 6.480E+06
Y-92 1.000E-04 0.000E+00 2.900E-06 0.000E+00 0.000E+00 0.000E+00 2.750E+00
Y-93 4.300E-01 0.000E+00 1.180E-02 0.000E+00 0.000E+00 0.000E+00 1.310E+04
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GRASS-COW-MILK DOSE FACTORS

"TEEN
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver " Thody Thyrold Kidney Lung Gltract
© ZR-95 1650E+403  5220E402  35Q0E+402  O0000E#00  7.670E+02 - O.000E400 1.200E+06
ZR97 7750801 153001  7.060E02 - 0000E+00 2320601  0.000E+00  4.150E+04
NB-95 1410E405  7.800E+04  4300E+04  OO00E+00  7.570E404  OQO0E+0D  3.340E+08
NB-g7 0000E+00  0O00E+00  OOOOE#00  O000E+00  OO00E+00  OOGOE#00  6.340E-08
MO-99 0.000E+00  4560E+07  B690E+06  O0Q00E+00  1.040E408  O0.000E+00  B.160E+07
TC-99M 5640E400  1570E+401  2040E402  0O00E+00  2340E+02  B730E+00  1.030E+04
TC-101 0000E+00  O0O00E+00  OOO0E+00  O0O000E+00  O0.000E+00  OO000E+00  0.000E+00
RU-103 1B10E+03  0000E+00  7.750E402  OO0OE+00  G400E+03  OO00E+00  1.520E+05
"RU-105 1570E03  O0OOOE+00  6.080E-04  0O00E+00  1.970E-02  0.000E+00 1.260E+00
RU-106 3750E404  0000E400  4730E+403  OOODE+00  7.230E404  0.000E+00  1.800E+06
RH-103M  OOOOE+00  OO00E400  OO00Es00  O0QOCE+00  OOO0E+00  O.O00E+00  0.000E+00
RH-106 0000E*00  O0QOCE+00  OO0OE+00  O0000E+00  OO00E#00  O0.000E+00  0.000E+00
AG-110M  9630E407  O.110E+407  S5540E407  OO00E+00  1.740E+08  0O00E#00  2.560E+10
SBA22  T.760E+05  BOSOE+0S  OB00E+06  1290E+05  3820E405  1660E+05  9.640E+07
$B-124 1530E409  2820E+07  5970E+08  3470Es06  OO000E+00  1340E+09  3.080E+10
$B-125 1220E409  1330E+07  2850E408  1.160E+06  0.000E+00  1.070E+09  9.480E+09
TEA25M  3000E+07  1080E+07  4020E+06  B390E+06  OO000E+00  OO000E+00  8.860E+07
TEM2IM  BA440E+07  2990E+407  1.000E#07  2010E407  3420E408  O0.000E+00  2.100E+08
TE-127 1240E+03  4410E+02  2680E+02  B5Q0E+02  5.040E+03  O0O000E+00  O.610E+04
TE429M  1.410E+08  4.100E+07  1.750E407  3570E407  4.620E408  O.000E+00  4.150E+08
TE-129 0.000E+00  0000E+00  O0O000E#00  0.000E+00  1.670E-09  0.000E+00 2.180E-09
TEA31M  GS570E+05  3450E+05  2630E+05  4740E+05  3.200E+06  O0.000E+00  2.530E+07
TE-131 0.000E+00  0000E+00  0OC0E+00  0.000E+00  0.000E+00  0QO00E+00  0.000E+00
TE-132 4280E+06  2710E+406  2550E406  20860E+06  2600E+07  OO000E+00  B.580E+07
1130 7490E405  2.470E406  BGGOE+05  1.770E+08  3.340E+06  O000E+00  1.670E+06
131 5380E+08  7.530E+408  4040E408  2200E+411  1300E+09  0.000E+00  1.490E+08
132 2000E01  7.590E-01  2720E01  2560E+01  1200E400  DOO0OE+00  3.310E-01
1133 7240E406  1230E407  3750E406  1.720E409  2450E407  0.000E+00  O.300E+06
1134 0.000E+00  0000E+00  OO00E+00  0.000E400  OO00E+00  O0.000E+00  0.000E+00
1135 24706404  6350E404  2350E+04  4.080E406  1.000E+05  OO000E+00  7.030E+04
Cs-134 0.810E409  2310E+10  1.070E+10  0000E+00  7.340E+09  2800E+09  2.B70E+08
CS-136 4450E+08  1750E409  1.180E+09  0.000E+00  O530E408  1.500E+08  1410E+08
Cs-137 1340E410  1780E+10  G200E+09  O0OQ00E+00  G.OGOE+09  2.350E+409  2.530E+08
Cs-138 0.000E+00  0000E+00  OO00E+00  0.000E+00  OO000E+00  O.000E+00  O.000E+00
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TEEN

. (m? *mremVyr per uCi/sec)
Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
BA-139 8.690E-08 0.000E+00 2.530E-09 0.000E+00 0.000E+00 0.000E+00 7.750E-07
BA-140 4.850E+07 5.950E+04 3.130E+06 0.000E+00 2.020E+04 4.000E+04 7.490E+07
BA-141 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+60
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 8.060E+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 2.230E-07
CE-141 8.870E+03 5.920E+03 6.810E+02 0.000E+00 2.790E+03 0.000E+00 1.690E+07
CE-143 7.690E+01 5.600E+04 6.250E+00 0.000E+00 2.510E+01 0.000E+00 1.680E+06
CE-144 6.580E+05 2.720E+05 3.540E+04 0.000E+00 1.630E+05 0.000E+00 1.660E+08
PR-143 2.920E+02 1.170E+02 1.450E+401 0.000E+00 6.770E+01 0.000E+00 9.610E+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 1.810E+02 1.970E+02 1.180E+01 0.000E+00 1.160E+02 0.000E+00 7.110E+05
EU-154 3.920E+04 5.060E+03 3.570E+03 0.000E+00 2.260E+04 0.000E+00 2.670E+06
EU-155 8.600E+03 8.310E+02 5.140E+02 0.000E+00 3.250E+03 0.000E+00 4.760E+06
W-187 1.200E+04 9.780E+03 3.430E+03 0.000E+00 0.000E+00 0.000E+00 2.650E+06
NP-239 6.990E+00 6.590E-01 3.660E-01 0.000E+00 2.070E+00 0.000E+00 1.060E+05
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GRASS-COW-MILK DOSE FACTORS

. CHILD
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody . Thyrold Kidney Lung Gltract
H-3 0.000E+00 1.570E+03 1.570E+03  ~ 1.570E+03 ~ 1.570E+03 1.570E+03 1.570E+03
C-14 1.650E+06 3.290E+05 3.2905405 5.290E+05 3.290E*05 3.290E+05 3.290E+05
NA-24 9.230E+06 9.230E+06 9.230E+06 9_’.‘236E+06 9.230E+06 9.230E+06 9.230E+06
P-32 7.770E+10 3.640E+09 3.000E+09 0.000E+00 0.000E+00 0.00QE+06 2,150E+09
- CR-51 0.000E+00 0.000E+00 1.020E+05 5.660E+04 1.550E+04 1.030E+05 5.410E+06
MN-54 0.000E+00 2.090E+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
FE-55 1.120E+08 5.930E+07 1.840E407. 0.000E+00 0.000E+00 3.350E+07 1.100E+07
FE-59 1.200E+08 1.950E+08 9.710E+07 0.000E+00 0.000E+00 5.650E+07 2.030E+08
CO-57 0.000E+00 3.840E+06 7.770E+06 0.000E+00 0.000E+00 0.000E+00 3.140E+07
CO-58 0.000E+00 1.210E+07 3.720E+07 0.000E+00 0.000E+00 0.000E+00 7.080E+07
CO0-60 0.000E+00 4.320E+07 1.270E+08 0.000E+00 0.000E+00 0.000E+00 2.390E+08
. NI-63 2.960E+10 1.590E+09 1.010E+09 0.000E+00 0.000E+00 0.000E+00 1.070E+08
NI-65 1.660E+00 1.560E-01 9.110E-02 0.000E+00 0.000E+00 0.000E+00 1.910E+01
Cu-64 0.000E+00 7.550E+04 4.560E+04 © 0.000E+00 1.820E+05 0.000E+00 3.540E+06
. ZN-65 4.130E+09 1.100E+10 6.850E+09 0.000E+00 6.940E+09 0.000E+00 1.930E+09
ZN-69 0.000E+00 0.000E+00 0.0605+00 0.000E+00 0.000E+00 0.000E+00 2.140E-09
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 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
BR-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 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-83 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
SR-89 6.620E+09 0.000E+00 1.890E+08 0.000E+00 0.000E+00 0.000E+00 2.560E+08
SR-90 1.120E+11 0.000E+00 2.830E+10 0.000E+00 0.000E+00 0.000E+00 1.510E+09
SR-91 1.410E+05 0.000E+00 5.330E+03 0.000E+00 0.000E+00 0.000E+00 3.120E+05
SR-92 2.190E+00 0.000E+00 8.760E-02 0.000E+00 0.000E+00 0.000E+00 4.140E+01
Y-90 3.220E+02 0.000E+00 8.610E+00 0.000EfOO 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 3.910E+04 0.000E+00 1.040E+03 0.000E+00 0.000E+00 0.000E+00 5.210E+06
Y-92 2.460E-04 0.000E+00 7.030E-06 0.000E+00 0.000E+00 0.000E+00 7.100E+00

Y-93 . 1.060E+00 0.000E+00 2.900E-02 0.000E+00 0.000E+00 0.000E+00 1.570E+04
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GRASS-COW-MILK DOSE FACTORS

CHILD
(m? *mrem/yr per uCifsec)

Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
ZR-95 3.840E+03 8.450E+02 7.520E+02 0.000E+00 1.210E+03 0.000E+00 8.810E+05
ZR-97 1.890E+00 2.720E-01 1.610E-01 0.000E+00 3.910E-01 0.000E+00 4.130E+04
NB-95 3.180E+05 1.240E+05 8.840E+04 0.000E+00 1.160E+05 0.000E+00 2.290E+08
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.450E-06
MO-99 0.000E+00 8.290E+07 2.050E+07 0.000E+00 1.770E+08 0.000E+00 6.860E+07
TC-99M 1.290E+01 2.540E+01 4.200E+02 0.000E+00 3.680E+02 1.290E+01 1.440E+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 4.290E+03 0.000E+00 1.650E+03 0.000£+00 1.080E+04 0.000E+00 1.110E+05
RU-105 3.820E-03 0.000E+00 1.390E-03 0.000E+00 3.360E-02 0.000E+00 2.490E+00
RU-106 9.240E+04 0.000E+00 1.150E+04 0.000E+00 1.250E+05 0.000E+00 1.440E+06
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 2.090E+08 1.410E+08 1.130E+08 0.000E+00 2.630E+08 0.000E+00 1.680E+10
SB-122 4.140E+06 4.320E+06 5.230E+07 6.870E+05 2.040E+06 8.890E+05 5.150E+08
SB-124 3.620E+09 4.700E+07 1.270E+09 7.990E+06 0.000E+00 2.010E+09 2.260E+10
SB-125 2.900E+09 2.240E+07 6.080E+08 2.690E+06 0.000E+00 1.620E+09 6.930E+09
TE-125M 7.380E+07 2.000E407 9.840E+06 2.070E+407 0.000E+00 0.000E+00 7.120E+07
TE-127M 2.080E+08 5.600E+07 2.470E+07 4.970E+07 5.930E+08 0.000E+00 1.680E+08
TE-127 3.060E+03 8.250E+02 6.560E+02 2.120E+03 8.710E+03 0.000E+00 1.200E+05
TE-129M 2.720E+08 7.610E+07 4.230E+07 8.780E+07 8.000E+08 0.000E+00 3.320E+08
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 2.870E-09 0.000E+00 6.120E-08
TE-131M 1.600E+06 5.530E+05 5.890E+05 1.140E+06 5.350E+08 0.000E+00 2,240E+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 1.020E+07 4.520E+06 5.460E+06 6.580E+06 4.200E+07 0.000E+00 4.550E+07
1-130 1.750E+06 3.540E+06 1.820E+086 3.900E+08 5.290E+06 0.000E+00 1.660E+06
-131 1.300E+09 1.310E+09 7.460E+08 4.340E+11 2.150E+09 0.000E+00 1.170E+08
1-132 6.860E-01 1.260E+00 5.800E-01 5.850E+01 1.930E+00 0.000E+00 1.480E+00
1-133 1.760E+07 2,180E+07 8.230E+06 4.040E+09 3.630E+07 0.000E+00 8.770E+06
1-134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-135 5.840E+04 1.050E+05 4.970E+04 9.300E+06 1.610E+05 0.000E+00 8.000E+04
CS-134 2.260E+10 3.710E+10 7.830E+09 0.000E+00 1.150E+10 4.130E+09 2.000E+08
Cs-136 1.000E+09 2.760E+09 1.790E+09 0.000E+00 1.470E+09 2.190E+08 9.700E+07
CSs-137 3.220E+10 3.090E+10 4.550E+09 0.000E+00 1.010E+10 3.620E+09 1.930E+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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CHILD
(m?® *mrem/yr per uCilsec)

Nuclide Bone Liver Tbody " Thyrold Kidney Lung Gltract

BA;1_39 R 2.140E-07 " 0.000E+00 6.1 QQE-QQ ‘ Q.OOQE+00' " " 0.000E+00 " 0.000E+00 1.230E-05
BA-149 1.170E+08 1.030E+05 6.849E*06 0000E+00 3.349Ef04 6.12_()Ef04 5.940E+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 . 1.930E+01 6.740E+00 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 2.510E-06
CE-141 2.190E+04 1.090E+04 1.620E+03 0.000E+00 4.780E+03 0.000E+00 1.360E+07
CE-143 . 1.890E+02 1.020E+05 1.480E+01 0.000E+00 4.290E+01 0.000E+00 1.500E+06
CE-144 1.620E+06 5.090E+05 8.660E+04 0.000E+00 2.820E+05 0.000E+00 1.330E+08
PR-143 7.230E+02 2.170E+02 3.590E+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 3.600E+02 2.790E+01 0.000E+00 1.980E+02 0.000E+00 5.710E+05
EU-154 . 9.420E+04 8.470E+03 7.740E+03 0.000E+00 3.720E+04 0.000E+00 1.970E+06
EU-155 1.970E+04 1.420E+03 1.110E+03 0.000E+00 5.300E+03 0.000E+00 3.540E+06
W-187 . 2.910E+04 1.720E+04 7.730E+03 0.000E+00 0.000E+00 0.000E+00 2.420E+06
NP-239 1.720E+01 1.230E+00 8.680E-01 0.000E+00 3.570E+00 0.000E+00 9.140E+04
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GRASS-COW-MILK DOSE FACTORS

INFANT
(m? *mrem/yr per uCi/sec) ‘

Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract
H-3 0.000E+00 2.380E+03 2.380E+03 2.380E+03 2.380E+03 2.380E+03 2.380E+03
C-14 3.230E+06 6.890E+05 6.890E+05 6.890E+05 6.890E+05 6.890E+05 6.890E+05
NA-24 1.610E+07 1.610E+07 1.610E+07 1.610E+07 1.610E+07 1.610E+07 1.610E+07
'P-32 1.600E+11 9.420E+09 6.210E+09 0.000E+00 0.000E+00 0.000E+00 2.170E+09
CR-51 0.000E+00 0.000E+00 1.610E+05 1.050E+05 2.300E+04 2.050E+05 4.710E+06
MN-54 0.000E+00 3.890E+07 8.830E+06 0.000E+00 8.630E+06 0.000E+00 1.430E407
MN-56 0.000E+00 3.210E-02 5.530E-03 0.000E+00 2.760E-02 0.000E+00 2.910E+00
FE-55 1.350E+08 8.720E+07 2.330E+07 0.000E+00 0.000E+00 4.270E+07 1.110E+07
FE-59 2.250E+08 3.930E+08 1.550E+08 0.000E+00 0.000E+00 1.160E+08 1.880E+08
CO-57 0.000E+00 8.950E+06 1.460E+07 0.000E+00 0.000E;OO 0.000E+00 3.050E+07
CO-58 0.000E+00 2.430E+07 6.060E+07 0.000E+00 0.000E+00 0.000E+00 6.050E+07
CO-60 0.000E+00 8.810E+Q7 2.080E+08 0.000E+Q0 0.000E+00 0.000E+00 2.100E+08
NI-63 3.490E+10 2,160E+09 1.210E+09 0.000E+00 0.000E+00 0.000E+00 1.070E+08
NI-65 3.510E+00 3.970E-01 1.810E-01 0.000E+00 0.000E+00 0.000E+00 3.020E+01
Cu-64 0.000E+00 1.880E+05 8.690E+04 0.000E+00 3.170E+05 0.000E+00 3.850E+06
ZN-65 5.550E+09 1.900E+10 8.780E+09 0.000E+00 9.230E+09 0.000E+00 1.610E+10
ZN-69 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.360E-09
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 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
BR-85 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RB-86 0.000E+00 2.220E+10 1.100E+10 0.000E+00 0.000E+00 0.000E+00 5.690E+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 0.000E+00
SR-89 1.260E+10 0.000E+00 3.610E+08 0.000E+00 0.000E+00 0.000E+00 2.590E+08
SR-90 1.220E+11 0.000E+00 3.100E+10 0.000E+00 0.000E+00 0.000E+00 1.520E+09
SR-91 2,940E+05 0.000E+00 1.060E+04 0.000E+00 0.000E+00 0.000E+00 3.480E+05
SR-92 4.650E+00 0.000E+00 1.730E-01 0.000E+00 0.000E+00 0.000E+00 5.010E+01
Y-90 6.800E+02 0.000E+00 1.820E+01 0.000E+00 0.000E+00 0.000E+00 9.390E+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 7.330E+04 0.000E+00 1.950E+03 0.000E+00 0.000E+00 0.000E+00 5.260E+06
Y-92 5.220E-04 0.000E+00 1.470E-05 0.000E+00 0.000E+00 0.000E+00 9.970E+00
Y-93 2.250E+00 0.000E+00 6.130E-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
© 7 INFANT '
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver Tbhody Thyrold Kidney Lung Gltract
" ZR-95 6.830E+03 1.660E+03 1.180E403 ~  0.000E+00 1.790E+03 0.000E+00 8.280E+05
ZR97 3.990E+00 6.850E-01 3.130E-01 0.000E+00 6.91@5-@)1 0.000E+00 4.370E+04
NB-95 5.930E+05 2.440E+05 1.410E+05 Q.oobaoo 1.750E+05 o.t_)oos+06 2.060E+08
NB-97 0.000E+00 0.000E+400 0.000E+00 0.000E+00 0.000E+00 0.000E+00 3.700E-06
MO-99 0.000E+00 2.120E+08 4.isoE+p7 0.000E+00 3.170E+08 0.000E+00 6.980E+07
TC-99M 2.690E+01 5.550E+01 7.150E+02 o.oodE+oo 5.970E+02 2.900E+01 1.610E+04
TC-101 0.000E+00 0.000E+00 0.000E+00 0.000E+00 Q.éOOEfOO 0.000E+00 0.000E+00
RU-103 8.690E+03 0.000E+00 2.910E+03 0.000E+00 1.810E+04 0.000E+00 1.060E+05
RU-105 8.060E-03 0.000E+00 2.710E-03 0.000E+00 5.920E-02 0.000E+00 3.210E+00
RU-106 1.900E+05 0.000E+00 2.380E+04 0.000E+00 2.250E+05 0.000E+00 1.440E+06
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 3.860E+08 2.820E+408 1.860E+08 0.000E+00 4.030E+08 0.000E+00 1.460E+10
$B-122 . 6.400E405 6.670E+05 8.080E+06 1.060E+05 3.150E+05 1.370E+05 7.950E+07
$B-124 6.980E+09 1.030E+08 2.160E+09 1.850E+07 0.000E+00 4.370E+09 2.150E+10
$B-125 . 4.980E+09 4,820E407 1.020E+09 6.240E+06 0.000E+00 3.130E+09 6.640E+09
TE-125M 1.510E+08 5.040E+07 2.040E+07 5.070E+07 0.000E+00 0.000E+00 7.180E+07
TE-12TM 4.210E+08 1.400E+08 5.100E+07 1.220E+08 1.040E+09 0.000E+00 1.700E+08
TE-127 6.500E+03 2.180E+03 1.400E+03 5.290E+03 1.590E+04 0.000E+00 1.360E+05
TE-120M 5.590E+08 1.920E+08 8.620E+07 2.150E+408 1.400E+09 0.000E+00 3.340E+08
TE-129 2.080E-09 0.000E+00 0.000E+00 1,750E-09 5.180E-09 0.000E+00 1.660E-07
TE-131M 3.380E+06 1.360E+06 1.120E+06 2.760E+06 9.350E+06 0.000E+00 2.290E+07
TE-131 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
TE-132 2.100E+07 1.040E+07 9.720E+06 1.540E+07 6.510E+07 0.000E+00 3.850E+07

11130 3.600E+06 7.920E+06 3.180E+06 8.880E+08 8.700E+06 0.000E+00 1.700E+06

1131 2.720E+09 3.210E+09 1.410E+09 1.050E+12 3.750E+09 0.000E+00 1.150E+08

1132 1.420E+00 2.890E+00 1,030E+00 1.350E402 3.220E+00 0.000E+00 2.340E+00

1-133 3.720E+07 5.410E+07 1.580E+07 - 9.B40E+09 6.360E+07 0.000E+00 9.160E+06

1-134 0.000E+00 0.000E+00 0.000E+00 1.010E-09 0.000E+00 0.000E+00 0.000E+00

1-135 1.210E405 2.410E+405 8.800E+04 2.160E407 2.690E+05 0.000E+00 8.740E+04
CS-134 3.650E+10 6.800E+10 6.870E+09 0.000E+00 1.750E+10 7.180E+09 1.850E+08
CS-136 1.960E+09 §.770E+09 2.150E+09 0.000E+00 , 2.300E+09 4.700E+08 8.760E+07
CS-137 5.150E+10 6.020E+10 4.270E+09 0.000E+00 1.620E+10 6.550E+09 1.880E+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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GRASS-COW-MILK DOSE FACTORS

INFANT
(m? *mrem/yr per uCi/sec) .

Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract

BA-139 4.550E-07 0.000E+00 1.320E-08 0.000E+00 0.000E+00 0.000E+00 2.880E-05
BA-140 2410E+08 2.410E+05 1.240E+07 0.000E+00 5.730E+04 1.480E+05 5.920E+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 4.030E+01 1.590E+01 4.090E+00 0.000E+00 0.000E+00 0.000E+00 1.870E+05
LA-142 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 5.210E-06
CE-141 4.330E+04 2.640E+04 3.110E+03 0.000E+00 8.150E+03 0.000E+00 1.370E+07
CE-143 4.000E+02 2.650E+05 3.020E+01 0.000E+00 7.720E+01 0.000E+00 1.550E+06
CE-144 2.330E+06 9.520E+05 1.300E+05 0.000E+00 3.850E+05 0.000E+00 1.330E+08
PR-143 1.490E+03 5.590E+02 7.410E+01 0.000E+00 2.080E+02 0.000E+00 7.890E+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 8.820E+02 9.060E+02 5.550E+01 0.000E+00 3.490E+02 0.000E+00 5.T40E+05
EU-154 1.080E+05 1.500E+04 9.010E+03 0.000E+00 4.070E+04 0.000E+00 1.880E+06
EU-155 2.210E+04 2.550E+03 1.320E+03 0.000E+00 5.710E+03 0.000E+00 3.410E+06
W-187 6.120E+04 4.260E+04 1.470E+04 0.000E+00 0.000E+00 0.000E+00 2.500E+06
NP-239 3.640E+01 3.250E+00 1.840E+00 0.000E+00 0.000E+00 9.400E+04

6.490E+00
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GRASS-GOAT-MILK DOSE FACTORS

- ADULT
(m? *mrem/yr per uCi/sec)
Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract

H-3 0.000E+00 1.560E+03 " 1.560E+03 " 1.560E+03 ~ 1 .5605403 N 560E+03 1.560E+03
C-14 3.630E+05 7.260E+04 7.260E+04 ?.?60E+04 7.260E+04 7.260E+04 7.260E+04
NA-24 3.050E+05 3.050E+05 3.050E+05 3.050E+05 3.050E+05 3.050E+05 3.050E+05
p-32 2.050E+10 1.270E+09 7.930E+08 0.000E+00 0.000E+00 0.000E+00 2.310E+09
CR-51 0.000E+00 0.000E+00 3.430E+03 2.050E+03 7.560E+02 4.560E+03 8.640E+05
MN-54 0.000E+00 1.010E+06 1.920E+05 0.000E+00 3.000E+05 0.000E+00 3.090E+06
MN-56 - 0.000E+00 5.080E-04 9.010E-05 0.000E+QO 6.450E-04 0.000E+00 1.620E-02
FE-55 3.260E+05 2.250E+05 5260E+04 0.000E+00 0.000E+00 1.260E+05 1.290E+05
FE-59 3.870E+05 9.090E+05 3.490E+05 0.000E+00 0.000E+00 2.540E+05 3.030E+06
CO-57 0.000E+00 1.540E+05 2.550E+05 0.000E+00 0.000E+00 0.000E+00 3.900E+06
CO-58 0.000E+00 5.660E+05 1.270E+06 0.000E+00 0.000E+00 0.000E+00 1.150E+07
CO-60 0.000E+00 1.970E+06 4.340E+06 0.600E+00 0.000E+00 0.000E+00 3.700E+07
NI-63 8.070E+08 5.600E+07 2.710E+07 0.000E+00 0.000E+00 0.000E+00 1.170E+07

NI-65 4.440E-02 5.770E-03 2.630E-03 Q.OOOE+00 0.000E+00 0.000E+00 1.460E-01
CuU-64 0.000E+00 2.690E+03 1.260E+03 0.000E+00 6.770E+03 0.000E+00 2.290E+05
ZN-65 1.650E+08 5.240E+08 2.370E+08 0.000E+00 3.500E+08 0.000E+00 3.300E+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 3.900E+06 0.000E+00 0.000E+00 0.000E+00 4.470E+406
BR-83 0.000E+00 0.000E+00 1.240E-02 0.000E+00 0.000E+00 0.000E+00 1.790E-02
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
RB-86 0.000E+00 3.110E+08 1.450E+08 0.000E+00 0.000E+00 0.000E+00 6.140E+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-89 3.050E+09 0.000E+00 8.740E+07 0.000E+00 0.000E+00 0.000E+00 4.890E+08
SR-90 9.830E+10 0.000E+00 2.410E+10 0.000E+00 0.000E+00 0.000E+00 2.840E+09
SR-91 6.580E+04 0.000E+00 2.660E+03 0.000E+00 0.000E+00 0.000E+00 3.130E+05
SR-92 1.030E+00 0.000E+00 4.440E-02 0.000E+00 0.000E+00 0.000E+00 2.030E+01
Y-90 8.480E+00 0.000E+00 2.280E-01 0.000E+00 0.000E+00 0.000E+00 8.990E+04
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 1.030E+03 0.000E+00 2.760E+01 0.000E+00 0.000E+00 0.000E+00 " 5.680E+05
Y-92 6.510E-06 0.000E+00 1.900E-07 0.000E+00 0.000E+00 0.000E+00 1.140E-01
Y-93 2.800E-02 0.000E+00 7.720E-04 0.000E+00 0.000E+00 0.000E+00 8.870E+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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ADULT
) (m? *mremVyr per uCifsec)
Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
ZR-97 5.110E-02 1.030E-02 4.710E-03 0.000E+00 1.560E-02 0.000E+00 3.190E+03
NB-95 9.900E+03 5.510E+03 2.960E+03 0.000E+00 5.440E+03 0.000E+00 3.340E+07
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
MO-99 0.000E+00 3.030E+06 5.760E+05 0.000E+00 6.860E+06 0.000E+00 7.020E+06
TC-99M 3.900E-01 1.100E+00 1.400E+01 0.000E+00 1.670E+01 5.400E-01 6.520E+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 1.430E+04
RU-105 1.030E-04 0.000E+00 4.060E-05 0.000E+00 1.330E-03 0.000E+00 6.290E-02
RU-106 2.450E+03 0.000E+00 3.100E+02 0.000E+00 4.730E+03 0.000E+00 1.580E+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 6.990E+06 6.470E+06 3.840E+06 0.000E+00 1.270E+07 0.000E+00 2.640E+09

$B-122 7.210E+04 7.520E+04 9.110E+05 1.200E+04 3.550E+04 1.550E+04 8.960E+06

SB-124 3.090E+06 5.840E+04 1.220E+06 7.490E+03 0.000E+00 2.410E+06 8.770E+07
$B-125 2.450E+06 2.740E+04 5.840E+05 2.490E+03 0.000E+00 1.890E+06 2.700E+07

TE-125M 1.950E+06 7.080E+05 2.620E+05 5.880E+05 7.950E+06 0.000E+00 7.810E+06
TE-127M 5.490E+06 1.960E+06 6.690E+05 1.400E+06 2.230E+07 0.000E+00 1.840E+07
TE-127 8.060E+01 2.890E+01 1.740E+01 5.970E+01 3.280E+02 0.000E+00 6.360E+03
TE-129M 7.250E+06 2.710E+06 1.150E+06 2.490E+06 3.030E+07 0.000E+00 3.650E+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+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 2.870E+05 1.860E+05 1.740E+05 2.050E+05 1.790E+06 0.000E+00 8.790E+06
1-130 5.110E+05 1.510E+06 5.950E+05 1.280E+08 2.350E+06 0.000E+00 1.300E+06
-131 3.560E+08 5.090E+08 2.920E+08 1.670E+11 8.720E+08 0.000E+00 1.340E+08
1-132 1.960£-01 5.250E-01 1.840E-01 1.840E+01 8.360E-01 0.000E+00 9.860E-02
1-133 4.760E+06 B8.280E+06 2.520E+06 1.220E+09 1.440E+07 0.000E+00 7.440E+06
1134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-135 1.670E+04 4.360E+04 1.610E+04 2.880E+06 6.990E+04 0.000E+00 4.920E+04

CS-134 1.700E+10 4.030E+10 3.300E+10 0.000E+00 1.310E+10 4.330E+09 7.060E+08
CS-136 7.840E+08 3.090E+09 2.230E+09 0.000E+00 1.720E+09 2.360E+08 3.520E+08
CS-137 2.210E+10 3.030E+10 1.980E+10 0.000E+00 1.030E+10 3.420E+09 5.860E+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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GRASS-GOAT-MILK DOSE FACTORS

ADULT
(m? *mrem/yr per uCi/sec)
Nuclide Bone Liver Tbody Thyroid Kidney Lung Gltract
BA-139’ " 5.640E-09 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 0.000E+00 1.380E+03 2.320E+03 6.650E+406
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 5.380E-01 2.710E-01 1.990E+04 0.000E+00 0.000E+00 0.000E+00 1.990E+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 3.930E+02 4.450E+01 0.000E+00 1.820E+02 0.000E+00 1.500E+06
CE-143 5.020E+00 3.710E+03 4.110E-01 0.000E+00 1.630E+00 0.000E+00 1.390E+05
CE-144 4.290E+04 1.790E+04 2.300E+03 0.000E+00 1.060E+04 0.000E+00 1.450E+07
PR-143 1.910E+01 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 1.310E+01 7.820E-01. 0.@00E+00 7.640E+00 ©  0.000E+00 6.270E+04
-EU-154 2.840E+03 3.490E+02 2.480E+02 0.000E+00 1.670E+03 0.000E+00 2.530E+05
EU-155 - 3.950E+02 5.610E+01 3.620E+01 0.000E+00 2.590E+02 0.000E+00 4.410E+04
w-187 7.870E+02 6.580E+02 2.300E+02 0.000E+00 0.000E+00 0.000E+00 2.160E+05
NP-239 4.390E-01 4.320E-02 2.380E-02 0.000E+00 1.350E-01 0.000E+00 8.860E+03
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GRASS-GOAT-MILK DOSE FACTORS

TEEN
(m? *mrem/yr per uCi/sec)
Nuclide Bone Liver Thody Thyrold Kidney Lung Gltract
H-3 0.000E+00 2.030E+03 2.030E+03 2.030E+03 2.030E+03 2.030E+03 2.030E+03
C-14 6.700E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05 1.340E+05
NA-24 5.330E+05 5.330E+05 5.330E+05 5.330E+05 5.330E+05 5.330E+05 5.330E+05
P-32 3.780E+10 2.340E+09 1.470E+09 0.000E+00 0.000E+00 0.000E+00 3.180E+09
CR-51 0.000E+00 0.000E+00 6.000E+03 3.330E+03 1.310E+03 8.560E+03 1.010E+06
MN-54 0.000E+00 1.680E+06 3.330E+05 0.000E+00 5.010E+05 0.000E+00 3.440E+08
MN-56 0.000E+00 9.010E-04 1.600E-04 0.000E+00 1.140E-03 0.000E+00 5.930E-02
FE-55 5.790E+05 4.100E+05 9.570E+04 0.000E+00 0.000E+00 2.600E+05 1.780E+405
FE-59 6.750E+05 1.580E+06 6.090E+05 0.000E+00 0.000E+00 4.970E+05 3.730E+06
CO-57 0.000E+00 2.690E+05 4.520E405 0.000E+00 0.000E+00 0.000E+00 5.030E+06
Co-58 0.000E+00 9.540E+05 2.200E+06 0.000E+00 0.000E+00 0.000E+00 1.310E+07
CO-60 0.000E+00 3.340E+06 7.510E+06 0.000E+00 0.000E+00 0.000E+00 4.350E+07
NI-63 1.420E+09 1.000E+08 4.810E407 0.000E+00 0.000E+00 0.000E+00 1.590E+07
NI-65 8.130E-02 1.040E-02 4.730E-03 0.000E+00 0.000E+00 0.000E+00 5.640E-01
Cu-64 0.000E+00 4,790E+03 2.250E+03 0.000E+00 1.210E+04 0.000E+00 3.710E+05
ZN-65 2.530E+08 8.780E+08 4.090E+08 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 6.670E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 2.290E-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
RB-86 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+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 5.620E+09 0.000E+00 1.160E+08 0.000E+00 0.000E+00 0.000E+00 6.690E+08
SR-90 1.390E+11 0.000E+00 3.430E+11 0.000E+00 0.000E+00 0.000E+00 3.900E+09
SR-91 1.210E+05 0.000E+00 4.810E+03 0.000E+00 0.000E+00 0.000E+00 5.480E+05
SR-92 1.880E+00 0.000E+00 8.010E-02 0.000E+00 0.000E+00 0.000E+00 4.790E+01
Y-90 1.560E+01 0.000E+00 4.200E-01 0.000E+00 0.000E+00 0.000E+00 1.290E+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 1.900E+03 0.000E+00 5.090E+01 0.000E+00 0.000E+00 0.000E+00 7.780E+05
Y-92 1.200E-05 0.000E+00 3.480E-07 0.000E+00 0.000E+00 0.000E+00 3.300E-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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. TEEN
(m? *mrem/yr per uCilsec)
Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
" ZR-95 1990E+02  6.260E+01 4.310E+01 0.000E+00  9.200E+01 0.000E+00 1.450E+05
ZR-97 030002 184002  B480E-03  0000E+00  2790E-02  O.000E+00  4.980E+03
NB-95 1690E+04  O.370E+03  5.160E+03 6.0005+pq 9.080E403  0.000E+00  4.010E+07
NB-97 0.000E+00  0.000E+00  0.000E+00  O0OQ00E+00  D0.000E+00 0.000E+00 7.610E-09
MO-99 0.000E+00  5.470E+06 1.04@)E+06 (5‘.00.0E+0(.)‘ 1.250E+07  0.000E+00  9.800E+06
TC-99M 6.770E-01 1890E+00  2.450E+01 0.000E+00  2.B10E+01 1.050E+400 1.240E+403
TC-101 0.000E+00  0.000E+00  0.000E+00  0.000E+00  OO00E+D0  O0.000E+00  0.000E+00
RU-103 2180E+02  O0O00E+00  9.310E401  OOQ00E+00  7.670E+02  0.000E+00 1.820E+04
RU-105 1.880E-04 0.000E+00 7.290E-05 0.000E+00 2.370E-03 0.000E+00 1.520E-01
RU-106 4500E+03  O0O00E+00  5670E+02  O0O00E+00  86BOE+D3  0.000E+00  2.160E+05
RH-103M 0.000E+00  0O00E+00 0.000E+00 0.000E+00  OOOOE+00  D.000E+00  0.000E+00
RH-106 0.000E+00  0.000E+00 o.oooé+od 0.000E+00  O0.000E+00  O0.000E+00  0.000E+00
AG-110M 1160E+07 - 1.000E+07  6.650E+06  OQ00E+00 2090E+07  0.000E+00  3.070E+09
$B-122 0.310E+04  O710E+04  1.480E+06  1540E+D4  4.580E+04  2.000E+04 1.160E+07
$B-124 5510E406  1.020E405  2450E+406  1.250E+04  0.000E+00  4.810E+06 1.110E408
$B-125 43B0E+06  4.790E+04 1030E406  4.190E+03  0.000E+00  3850E+06  3410E+07
TE-125M 3.600E+06 1300E+406  4.820E405  1.010E+06  0.000E+00  0.000E+00 1.060E+07
TE-127M 1.010E+07  3.590E+06  1.200E406  2410E+06  4.400E+07  O0.000E+00  2.520E+07
TE-127 1490E402  5.290E+01 3.210E+01 1.030E+02  6.050E+02  0.000E+00 1.150E+04
TE-129M 1.330E+07  4920E+06  2100E+06  4.280E+06  5.550E+07  0.000E+00  4.980E+07
TE-129 0.000E+00  O0.000E+00  O0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00
TE-131M 7.800E+04  3.780E+04  3.150E+04  5690E+04  3940E+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  3.250E+05  3060E+05  3430E+05  3.120E+06  0.000E+00 1.030E+07
1130 8.O90E+05  2600E+06  1040E+06  2.120E+08  4.010E+06  0.000E+00  2.000E+06
1131 6450E408  0.030E+408  4.B50E+08  2.640E+11 1.560E409  0.000E+00 1.790E+08
1132 3.480E-01 9.110E-01 3.270E-01 3.070E+01 1430E+00  0.000E+00 3.970E-01
1133 8.690E+06  1.470E+07  4.500E+06  2060E+09  2.500E+07  0.000E400  1.120E+07
1134 0.000E+00  0.000E+00  0.000E+00  O0.000E+00  0.000E+00  0.000E+00  0.000E+00
1-135 2960E404  T7.620E404  2820E+04  4.900E+06  1.200E+05  0.000E+00  8.440E+04
CS-134 2040E+10  6.930E+10  3210E+10  O0000E+00  2200E+10  BA410E+09  B.620E+08
CS-136 1330E+09  5250E+09  3.530E409  0000E+00  2860E+09  4.510E+08  4.230E+08
CS-137 4020E410  5340E+410  1.860E+10  O0.000E+00  1.820E+10  7.060E+09  7.600E+08
Cs-138 0.000E+00  0000E+00  OQOOE+00  0.000E+00  OQOOE+00  O0.000E+00  0.000E+00
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GRASS-GOAT-MILK DOSE FACTORS

TEEN
A (m? *mremVyr per uCi/sec)
Nuclide Bone Liver . Tbody Thyrold Kidney Lung Gltract
BA-139 1.040E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 9.310E-08
BA-140 5.830E+06 7.140E+03 3.750E+05 0.000E+00 2.420E+03 4.800E+03 8.980E+06
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 9.760E-01 4.750E-01 1260E-01 0.0005*60 0.000E+00 0.000E+00 2.730E+04
LA-142 1.980E-12 8.780E-13 2.190E-13 0.000E+00 0.000E+00 0.000E+00 2.670E-08
CE-141 1.060E+03 7.110E+02 8.170E+01 0.000E+00 3.350E+02 0.000E+00 2.030E+06
CE-143 9.230E+00 6.720E+03 7.500E-01 0.000E+00 3.010E+00 0.000E+00 2.020E+05
CE-144 7.900E+04 3.270E+04 4.240E+03 0.000E+00 1.950E+04 0.000E+00 1.990E+07
PR-143 3.500E+01 1.400E+01 1.740E+00 0.000E+00 8.130E+00 0.000E+00 1.150E+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 2.180E+01 2.370E+01 1.420E+400 0.000E+00 1.390E+401 0.000E+00 8.530E+04
EU-154 4.700E+03 6.070E+02 4.280E+02 0.000E+00 2.720E+03 0.000E+00 3.210E+05
EU-155 1.030E+03 9.970E+01 6.170E+01 0.000E+00 3.900E+02 0.000E+00 5.710E405
W-187 1.440E+03 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 2.480E-01 0.000E+00 1.270E+04
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'GRASS-GOAT-MILK DOSE FACTORS

"CHILD
(m? *mrem/yr per uCi/sec)

Nucllde Bone Liver Tbhody * Thyrold Kidney Lung Gltract
H-3 0000E+00  3200E403 32005403  3200E403  3.200E+03  3.200E+403  3.200E+03
CA4.  1650E+06  3200E+05  3200E405  3200E+05  3290E405  3200E+05  3.290E+05
NA24  1.010E406  1410E+06  1.110E406  1.410E+06  1410E+06  1.110E406  1.110E+06
P32 0330E+410  4.370E+03  3600E+09  O0O00E+00  O0.O00E+00  DOOOE+00  2.580E+09
CR51 0.000E+00  O0.000E+00  1220E404  6790E+03  1860E+03  1240E+404  6.490E+05
MN-54 0.000E+00  2510E+06  6.690E+405  O0O00E+00  7.050E405  0O00E+00  2.110E+06
MN-56 0.000E+00  1570E03 3550504  0O00E+00  1900E-03  O0000E+00 2.280E-01
FE-55 1450E406  7.700E+05  2390E+05  0000E+00  OO00E+00  4360E+05  1430E+05
FE-59 1570E406  2530E406  1260E+406  0.000E+00  O.Q00E+00  7.350E405  2.640E+06
co-57 0.000E+00  4.600E+05  ©320E405  OOOOE+00  O0.000E+00  O0O000E+00  3.770E+06
co-58 OO00E+0D  1.460E+05  4.460E+05  O000E+00  OOOOE+00  OO00E+00  B.500E+06
Cco-60 0.000E+00  5.180E+06  1530E407  0OO0E+00  O0.000E+00  O0O000E+00  2.870E+07
NI-63 3560409  1900E+D8  1210E+08  OO00E400  OO00E#00  OQ00E+00  1.280E+07
NI-65 1990E01 187002  1.090E02  0O00E+00  OOO0E+00  O0QO0E+00 2.290E+00
cu-64 0.000E+00  BA10E403  5080E+03  0000E+00  2030E+04  O0QC0E+00  3.950E+05
ZN-65 4960E+08  1320E409  B220E+08  O0O0OE+00  B330E408  O0.000E+00  2.320E408
ZN-69 O000E+00  OO00E400  O0000E+00  OOOOE#00  O0Q00E*00  O0000E+00  0.000E+00
BR-82 0.000E+00  0.000E+00  1.390E+07  O.000E+00  OO00E+00  0Q0OE+00  0.000E+00
BR-83 0.000E+00  0000E+00 562002  O0O00E+00  0OO00E+00  O.000E#00  0.000E+00
BR-84 0.000E+00  O0O000E+00  0OQO0E+00  O0O00E+00  0.000E+00  OO00E+00 0.000E+00
BR-85 0.000E+00  0000E+00  O.000E+00  O0O00E+00  OO00E+00  O.000E+00  0.000E+00
RB-86 O.OCOE+00  10S0E#09  GA7OE+03  OO0OE+00  O000E*00  OQ00E+00  6.770E+07
RB-88 0.000E+00  O0QO0E00  OOOOE+00  OQ00E00  0000E+00  O0000E+00  0.000E+00
RB-89 0000E+00  OOCOE+00  000E*00  OQ00E+00  OO00E+00  0000E+00  0.000E+00
SR-89 1330E+410  0000E+00  3.970E408  0O00E#00  O0O00E+00  O0000E+00 5.380E+08
SR-90 2350E+411  0Q00E+00  5050E+10  0O00E+00  OO000E400  O0.000E+00  3.190E+09
SR-91 2970E+05  O0000E#00  1.120E+04  OQ00E400  O.O0DE+00  O0ODE#00  6.550E+05
SR-92 A590E+10  OOO0E00  1B40E-01  OQOOE400  OO00E#00  OO00E+00  B.630E+D1
Y-90 3BG0E+01  OOOOEA00  1030E400  OOO0E+00  OO00E#00  OO00E+00 1.100E+05
Y-91M 0.00E+00  O0.000E+00  0.000E+00  0000E+00  0Q00E+00  O0QO0E+00  0.000E+00
Y.91 ~  4690E+03  O0OO0E+00  1250E+02  OQ00E+00  O0Q00E+00  OQCOE+00  6.250E+05
Y-62 2950E05  OO00E00  B440E07.  OOOOE*00  O0000E+00  OOO0E+00  8.520E-01
v-03 127001  O0O00E+00  3480E-03  D000E400  O0O0OE#00  O0.000E*00 1.890E+03

ZR-95 4.610E+02 1.010E+02 9.030E+01 0.000E+00 1.450E+02 0.000E+00 1.060E+05
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GRASS-GOAT-MILK DOSE FACTORS

CHILD .
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver Tbody Thyrold Kidney Lung Gltract
ZR-97 2.260E-01 3.270E-02 1.930E-02 0.000E+00 4.690E-02 0.000E+00 4.950E+03
NB-95 3.810E+04 1.480E+04 1.066E+04 0.000E+00 1.390E+04 0.000E+00 2.750E+07
NB-97 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 1.740E-07
MO-99 0.000E+00 9.950E+06 2.460E+06 0.000E+00 2.120E+07 0.000E+00 8.230E+06
TC-99M 1.550E+00 3.040E+00 5.040E+01 0.000E+00 4.4‘20E+01 1.550E+00 1.730E+03
TC-101 0.000E+00 0.000E+06 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
RU-103 5.150E+02 0.000E+00 1.980E+02 0.000E+00 1 .3065+03 0.000E+00 1.330E+04
RU-105 4.590E-04 0.000E‘+00 1.660E-04 0.000E+00 4.030E-03 0.000E+00 2.9905-01
RU-106 1.110E+04 0.000E+00 1.380E+03 0.000E+00 1.500E+04 0.000E+00 1.720E+05
RH-103M 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.600é+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 2.510E+07 1.690E+07 1.350E+07 0.000E+00 3.150E+07 0.000E+00 2.010E+09
SB-122 7.680E+04 8.010E+04 9.700E+05 1.270E+04 3.780E+04 1.650E+04 9.540E+06
SB-124 1.300E+07 1.690E+05 4.570E+06 2.880E+04 0.000E+00 7.240E+06 8.150E+07
SB-125 1.040E+07 8.050E+04 2.190E+06 9.670E+03 0.000E+00 5.820E+06 2.490E+07
TE-125M B.8S0E+06 2.400E+06 1.180E+06 2480E+06 0.000E+00 0.000E+00 8.540E+06
TE-127TM 2.500E+07 6.720E+06 2.960E+06 5.970E+06 7.120E+07 0.000E+00 2.020E+07
TE-127 3.670E+02 9.910E+01 7.880E+01 2.540E+02 1.050E+03 0.000E+00 1.440E+04
TE-129M 3.270E+07 9.130E+06 5.080E+06 1.050E+07 9.600E+07 0.000E+00 3.990E+07
TE-129 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 7.340E-09
TE-131M 1.920E+05 6.640E+04 7.070E+04 1.370E+05 6.430E+05 0.000E+00 2.690E+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 1.230E+06 5.420E+05 6.550E+05 7.900E+05 5.040E+06 0.000E+00 5.460E+06
1-130 2.100E+06 4.250E+06 2,190E+06 4.680E+08 6.350E+06 0.000E+00 1.990E+06
1-131 1.570E+09 1.570E+09 8.950E+08 5.210E+11 2.580E+09 0.000E+00 1.400E+08
1-132 8.230E-01 1.510E+00 6.960E-01 7.020E+01 2.320E+00 0.000E+00 1.780E+00
1-133 2.110E+07 2.610E+07 9.880E+06 4.850E+09 4.350E+07 0.000E+00 1.050E+07
1-134 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00
1-135 7.000E+04 1.260E+05 5.960E+04 1.120E+07 1.930E+05 0.000E+00 9.600E+04
CS-134 6.790E+10 1.110E+11 2.350E+10 0.000E+00 3.450E+10 1.240E+10 6.010E+08
CS-136 3.010E+09 8.280E+09 5.360E+09 0.000E+00 4.410E+09 6.580E+08 2.910E+08
Cs-137 9.670E+10 9.260E+10 1.370E+10 0.000E+00 3.020E+10 1.090E+10 5.800E+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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GRASS-GOAT-MILK DOSE FACTORS

. CHILD
(m? *mrem/yr per uCi/sec)

Nuclide Bone Liver Tbhody Thyrold Kidney Lung Gltract
BA-139 2.560€E-08 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 " 1.480E-06
BA-140 1V.41OE+07 1.230E+04 {3-.2105#05‘ 0.0065+_()0 4.010E+03 7.340E+03 7.120E+06
BA-141 0.000E+00 0.000E+00 0.006E+OQ 0.000E+00 0.606E+00 0.000E;OO 0.000E+00
BA-142 0.000E+00 0.000E+00 0.000E+00 0.000EfOO 0.000E+00 0.000E+00 0.000E+00

LA-140 2.310E+00 8.090E-01 2.73_0E-01 0.906E+09 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!300 0.000E+00 3.020E-07
CE-141 2.620E+03 1.310E+03 1.940E+02 0.000E+00 5.730E+02 0.000E+00 1.630E+06
CE-143 2.270E+01 1.230E+04 1.780E+00 0.00‘0E+00 5.1 50é+00 0.000E+00 1.800E+05
CE-144 1.950E+05 6.100E+04 1.040E+04 0.000E+00 3.380E+04 0.000E+00 1.590E+07

PR-143 8.670E+01 2.6005401 4.300E+00 0.60bE+06 1.410E+01 0.000E+00 9.350E+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 4.320E+01 3.3595400 0.000E+00 2.370E+01 0.000E+00 6.850E+04
EU-154 1.130E+04 1.020E+03 9.290E+02 0.000E+00 4.470E+03 0.000E+00 2.360E+05
EU-1'55 2.360E+03 1.700E+02 1.330E+02 0.000E+00 6.630E+02 0.000E+00 4.250E+05
W-187 3.490E+03 2.070E+03 9.270E+02 0.600E+00 0.000E+00 0.000E+00 2.900E+05
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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GRASS-GOAT-MILK DOSE FACTORS

INFANT
‘ (m? *mremVyr per uCi/sec)
_ Nuclide Bone Liver Thody Thyroid Kidney Lung Gltract

H-3 0.000E+00 4.860E+03 4.860E+03 4.860E+03 4.860E+03 4.860E+03 4.860E+03
C-14 3.230E+06 6.890E+05 6.890E+05 6.890E+05 6.890E+05 6.890E+05 6.890E+05
NA-24 1.930E+06 1.930E+06 1.930E+06 1.930E+06 1.930E+06 1.930E+06 1.930E+06
P-32 1.920E+11 1.130E+10 7.450E+09 0.000E+00 0.000E+00 0.000E+00 2.600E+09
CR-51 0.000E+00 0.000E+00 1.940E+04 1.260E+04 2.760E+03 2.460E+04 5.650E+05
MN-54 0.000E+00 4.670E+06 1.060E+06 0.000E+00 1.040E+06 0.000E+00 1.720E+06
MN-56 0.000E+00 3.850E-03 6.630E-04 0.000E+00 3.310E-03 0.000E+00 3.490E-01
FE-55 1.760E+06 1.130E+06 3.030E+05 0.000E+00 0.000E+00 5.540E+05 1.440E+05
FE-59 2.920E+06 5.110E+06 2.010E+06 0.000E+00 0.000E+00 1.510E+06 2.440E+06
CO-57 0.000E+00 1.070E+06 1.750E+06 0.000E+00 0.000E+00 0.000E+00 3.660E+06
CO-58 0.000E+00 2.910E+06 7.270E+06 0.000E+00 0.000E+00 0.000E+00 7.260E+06
CO-60 0.000E+00 1.060E+07 2.500E+07 0.000E+00 0.000E+00 0.000E+00 2.520E+07
NI-63 4.190E+09 2.590E+08 1.450E+08 0.000E+00 0.000E+00 0.000E+00 1.290E+07
NI-65 4.210E-01 4.770E-02 2.170E-02 0.000E+00 0.000E+00 0.000E+00 3.630E+00
Cu-64 0.000E+00 2.090E+04 9.680E+03 0.000E+00 3.540E+04 0.000E+00 4.290E+05
ZN-65 6.660E+08 2.280E+09 1.050E+09 0.000E+00 1.110E+09 0.000E+00 1.930E+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 2.330E+07 0.000E+00 0.000E+00 0.000E+00 0.000E+00
BR-83 0.000E+00 0.000E+00 1.190E-01 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
RB-86 0.000E+00 2.670E+09 1.320E+09 0.000E+00 0.000E+00 0.000E+00 6.830E+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-89 2.640E+10 0.000E+00 7.580E+08 0.000E+00 0.000E+00 0.000E+00 5.430E+08
SR-90 2.550E+11 0.000E+00 6.500E+10 0.000E+00 0.000E+00 0.000E+00 3.190E+09
SR-91 6.180E+05 0.000E+00 2.240E+04 0.000E+00 0.000E+00 0.000E+00 7.310E+05
SR-92 9.760E+00 0.000E+00 3.620E-01 0.000E+00 0.000E+00 0.000E+00 1.050E+02
Y-90 8.160E+01_ 0.000E+00 2.190E+00 0.000E+00 0.000E+00 0.000E+00 1.130E+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 8.800E+03 0.000E+00 2.340E+02 0.000E+00 0.000E+00 0.000E+00 6.310E+05
Y-92 6.270E-05 0.000E+00 1.760E-06 0.000E+00 0.000E+00 0.000E+00 1.200E+10
Y-93 2.700E-01 0.000E+00 7.350E-03 0.000E+00 0.000E+00 0.000E+00 2.130E+03
ZR-95 8.190E+02 2.000E+02 1.420E+02 0.000E+00 2.150E+02 0.000E+00 9.940E+00



OFFSITE DOSE CALCULATION MANUAL

.,»‘

"%

. .x’\.H. .-

Rev. 7

. Page . 307 of 319

Gaseous Effluent Pathway Dose Factors

Attachment 12

GRASS-GOAT-MILK DOSE FACTORS

-INFANT -
(m? 'mremlyr per uCi/sec)
Nuclide Bone Liver. Tbhody . " Thyrold Kidney Lung Gltract
© ZR-97 4.790E-01 8.220E-02 3.760E-02 " 0.000E+00 ‘8.290E-02  °~ 0.000E+00 5.240E+03
'NB-85 7.120E+04 2.930E+04 1 6905+04 0.000E+00 2.100E+04 0.000E+0(:) 2.4f0E+07
NB-97 6.590E-12 1410E-12 5. 070E-13 0.006E+DO 1.100E-12 0.0065+Q0 4.440E-07
. MO-89 0.000E+00 2.540E+07 4.960E+06 0.000E+00 3.800E+07 0.000E+00 8.830E+06
TC-99M 3.230E+00 6.660E+00 8.570Ef01' 0.000E+00 7.160E+01 3.480E+00 1.930E+03
TC-101 0.000E+00 0.000E+00 0.000E+00 0.006E+QO 0.000E+00 0.000E+00 0.000E+00
RU-103 1.040E+03 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 '}.1 10E-03 0.000E+00 3.850E-01
RU-106 2.280E+04 0.000E+00 2.850E+03 0.000E+00 2.700E+04 0.000E+00 1.730E+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 4.630E+07 3.380E+07 2.240E+407. 0.000E+00 4.840E+07 0.000E+00 1.750E+09
.8B-122 . 7.680E+04 8.010E+04 9.700E+05 1.270E+04 3.780E+04 1.650E+04 9.540E+06
SB-124 2.510E+07 3.700E+05 7.790E+06_., 6.670E+04 0.000E+00 1.570E+07 7.750E+07
$B-125 1.790E+07 1.740E+05 3.690E+06 2.250E+04 0.006E+0(_) 1.130E+07 2.390E+07
TE-125M 1.810E+07 6.050E+06 2.450E+06 6.090E+06 0.000E+00 0.000E+00 8.620E+06
TE-127M 5.050E+07 1.680E+07 6.120E+06 1.460E+07 1.240E+08 0.000E+00 2.040E+07
TE-127 7.800E+02 2.610E+02 1.680E+02 6.350E+02 1.900E+03 0.000E+00 1.640E+04
TE-129M 6.710E+07 2.300E+07 1.030E+07 2.580E+07 1.680E+08 0.000E+00 4.010E+07
TE-129 0.000E+00 0.000E+00 0.000E+06 0.000E+00 0.000E+00 0.000E+00 2.000E-08
TE-131M 4.050E+05 1.630E+05 1.350E+05 3.310E+00 1.120E+06 0.000E+00 2.750E+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 2.520E+06 1.250E+06 1.170E+06 1.840E+06 7.820E+06 0.000E+00 4.620E+06
1-130 4.320E+06 9.510E+06 3.820E+06 1.070E+09 1.040E+07 0.000E+00 2.040E+06
1-131 3.270E+09 3.850E+09 1.690E+09 1.270E+12 4.500E+09 0.000E+00 1.370E+08
1132 1.710E+00 3.470E+400 1.230E+00 1.630E+02 3.870E+00 0.000E+00 2.810E+00
1-133 4.460E+07 6.490E+07 1.900E+07 1.180E+10 7.630E+07 0.000E+00 1.100E+07
1-134 0.000E+00 0.000E+00 0.000E+00 1.210E-09 0.000E+00 0.000E+00 0.000E+00
1-135 1.460E+05 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 5.540E+08
CS-136 5.880E+09 1.730E+10 6.460E+09 0.000E+00 6.900E+09 1.410E+09 2.630E+08
Cs-137 1.540E+11 1.810E+11 1.280E+10 0.000E+00 4.850E+10 1.960E+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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GRASS-GOAT-MILK DOSE FACTORS

INFANT .
. (m? *mrem/yr per uCi/sec) N

Nuclide Bone Liver, Thody . Thyrold Kidney Lung Gitract

BA-139 5.450E-08 0.000E+00 1.580E-09 0.000E+00 0.000E+00 0.000E+00 3.450E-06
BA-140 2.890E+07 2.890E+04 1.490E+06 0.000E+00 6.870E+03 1.780E+04 7.110E+06
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 4.840E+00 1.910E+00 4.900E-01 0.000E+00 0.000E+00 0.000E+00 2.240E+04
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+03 3.170E+03 3.730E+02 0.000E+00 9.780E+02 0.000E+00 1.640E+06
CE-143 4.800E+01 ° 3.180E+04 3.630E+00 0.000E+00 9.270E+00 0.000E+00 1.860E+05
CE-144 2.790E+05 1.140E+05 1.560E+04 0.000E+00 4.620E+04 0.000E+00 1.600E+07
PR-143 1.790E+02 8.710E+01 8.890E+00 0.000E+00 2.490E+01 0.000E+00 9.470E+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 1.060E+02 1.090E+02 6.660E+00 0.000E+00 4.190E+01 0.000E+00 6.890E+04
EU-154 1.300E+04 1.800E+03 1.080E+03 0.000E+00 4.890E+03 0.000E+00 2.250E+05
EU-155 2.650E+03 3.060E+02 1.580E+02 0.000E+00 6.850E+02 0.000E+00 4.100E+05
w-187 7.350E+03 5.110E+03 1.770E+03 0.000E+00 0.000E+00 0.000E+00 3.000E+05
NP-239 4.360E+00 3.900E-01 2.210E-01 0.000E+00 1.130E+04

0.000E+00

7.780E-01
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© Attachment 13

, Enyirp.nmental Monitoring Sites for REMP

SAMPLE SITE

DR1
DR2
DR3

DR4

-DRS
DRG, A4
DR7, A1, Ib4, Ib5, 1b6

DR8, A2

DR9, A3.
DR10
DR11

DR12
DR13
DR14
DR15
DR16
‘DR17

DR18

DR19

DR20

DR21, A5, Ib7, Ib8, Ib9
DR22

DR23

Wa1

Waz2, la1, la2

Wb1

1b1, Ib2, Ib3,
1a4, 1a5

1a3
1a6

SECTOR * DISTANCE!'

km mi
NW 0.6 0.4
WNW 2.7 1.7
w o T 237 14
wsw 20 - 12
sw - . - 24 1.5
SSW 29 1.8
S 0.7 0.5
SSE 25 15
SE - 26 1.6
NwW 6.4 4.0
WNW 6.6 4.1
w 6.7 42
wWsSw 6.1 38
SW 6.4 4.0
Ssw 6.2 39
S 6.5 4.1
SSE 59 3.7
SE 71 45
NwW 4.4 2.8
NNW 0.4 0.3
WNW 193 121
S 12.5 7.8
ENE 12.6 7.9
NNE 0.2 0.1
N 0.3 0.2
ESE 0.6 04
SSE 2.6 1.6

(Area not influenced by Plant
Discharge)
E 0.9 0.6
NNW 10.7 6.7

' DESCRIPTION

Onsite, Along Cliffs

Rt. 765, Auto Dump

Rt. 765, Giovanni's Tavern (Knotty
Pine)

Rt. 765, Across from Whlte Sand
Drive

-Rt. 765 at Johns Creek

Rt. 765 at Lusby, Frank's Garage
Onsite, before entrance to Camp
Conoy

Camp Conoy Road at Emergency
Siren .

Bay Breeze Road

Calvert Beach Rd & Decatur St
Dirt Road off Mackall Rd & Parran
Rd

Bowen Rd & Mackall Rd

Mackall Rd near Wallville

Radney Point

Mill Bridge Rd & Tumer Rd
Across from Appeal School

Cove Point Rd & Little Cove Point
Rd

Cove Point

Long Beach

Onsite, near shore

Emergency Operations Facility
Solomons Island

Taylors Island, Carpenter's Property
Intake Area

Discharge Area

Shoreline at Barge Road

Garden Plot off Bay Breeze Rd
Patuxent River

Camp Conoy
Kenwood Beach

! Distance and direction from the central point of the two containment buildings.
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. . Attachment14
Radiological Environmental Monitoring Program
Surveillances 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 shall be in accordance with the recommendations of

Regulatory Guide 4.13. '
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"Attachment 15
Radlological Environmental Monitormg Program
Survelllances for Airborne Activity -

RADIOIODINE CANNISTER

PARAMETER UNITS | _'FREQUENOY ) LLD | ACTIONLEVEL ©
-131 pCi/m’ at least weekly 007 0.9
PARTICULATE FILTER (1)
PARAMETER UNITS FREQUENCY LLD ACTION LEVEL ©
Gross Beta Activity | pCi/m® at least weekly @ 0.01 N/A®
Cs-134 pCim® | atleast quarterly 0.05 10.0
Cs-137 pCilm® | atleast quarterly “ 0.06 _ 20.0

(1) All samples consist of continuous sampler operation with sample collection weekly, or more frequently if
required by dust loading.

(2) é\nalyze for gross beta activity 24 hours or more after sampling to allow for radon and thoron daughter

ecay

(3) Although there is not an ACTION Level for gross beta activity, if thls parameter is greater than ten times
the early mean of the control sample, perfform GAMMA ISOTOPIC ANALYSIS on the individual sample.

(4) orm a GAMMA ISOTOPIC ANALYSIS of a quarterly COMPOSITE SAMPLE. A separate
COMPOSITE SAMPLE shall be prepared for each sample location, A1 thru AS5. Each COMPOSITE
SAMPLE shall be a prepared from individual partlculate ﬁlter samples collected dunng the appllcable
calendar quarter and from a single location.- -- -

(5) If an ACTION Level is exceeded, check the initiating condltlons listed in Radlologlcal Envrronmental
Monitoring Program section 5.c and Radiological Environmental Monitoring Program section 5.d, and

. perform the corrective actions specified in Radiological Envnronmental Momtonng Program section 7.d

and/or Radiological Environmental Monitoring Program section 7.e. . ,
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' Attachment 16 _
Radiological Environmental Monitoring Program
Surveillances for Waterborne Activity

SURFACE WATER SAMPLE (!

PARAMETER UNITS FREQUENCY LLD ACTION LEVEL @
H-3 pCin at least quarterly 2000¢ 20,000%
Mn-54 pCifl at least monthly 15 1000
Fe-59 pCift at least monthly 30 400
Co-58 pCii at least monthly 15 1000
Co-60 pCifl at least monthly 15 300
Zn-65 pCifl at least monthly 30 300
Zr-95 /] Nb-95 pCil at least monthly 15 400
1-131 pCin at least monthly 1% 2
Cs-134 pCifl at least monthly 15 30
Cs-137 pCif atleast monthly - 18 50
Ba-140 / La-140 pCifl at least monthly 15 200

SHORELINE SEDIMENT SAMPLE : ;

PARAMETER UNITS FREQUENCY LLD | ACTIONLEVEL®@
Cs-134v pCikg, dry | atleast semiannually | 150 N/A
Cs-137 pCilkg, dry | atleast semiannually | 180 N/A

(1) The water sample shall be a éomposite of individual samples collected over a 1 month peribd.
(2) If an ACTION Level is exceeded, check the initiating conditions listed in sections REMP SECTION 5.c and
REMP SECTION 5.d, and perform the corrective actions specified in section REMP SECTION 7.d and/or

REMP SECTION 7.e.
(3) If a drinking water pathway does not exist, a value of 3000 pCil may be used.
(4) If a drinking water pathway does not exist, a value of 30,000 pCifl may be used.
(5) LLD for drinking water samples. If no drinking water pathway exists, the LLD of the gamma isotopic

analysis may be used.
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77 Aftachment 17 "
- Radiological Envnronmental Monitoring Program
Survelllances for Ingestible Activity

FISH AND INVERTEBRATES !

PARAMETER UNITS FREQUENCY LLD | ACTIONLEVEL® -
Mn-54 pCi’kg, wet ' @ 130 30,000
Fe-59 pCi/kg, wet @ 260 10,000
Co-58 pCi/kg, wet @. 130 ~ 30,000
Co-60 pCifkg, wet @ | 130 10,000
Zn-65 pCilkg, wet @ 260 - 20,000
Cs-134 pCilkg, wet @ . 1130 | . 1000
Cs-137 pCi/kg, wet @ | 150 2000
MILK : - .
PARAMETER UNITS ~ 'FREQUENCY LLD | ACTION LEVEL®
1131 pCi/l, wet atleastmonthly ¥ | 1 3
Cs-134 pCil, wet . | atleast monthly ¢ 15 - 60
Cs-137 pCifl, wet | “atleast monthly 18 70
Ba-140/ La-140 pCil,wet | ~atleastmonthly® | 15 300
FOOD PRODUCTS : .
PARAMETER - UNITS FREQUENCY LLD | ACTION LEVEL®
1131 pCilkg, wet | atleast monthly®® 60 | 100
Cs-134 pCilkg, wet | at k;ast monthly® | 60 "~ 1000
Cs-137 pCi/kg, wet at least monthly® 80 | . 2000
(1) Edible portions of the f sh and mvertebrates shall be used for analysis.
(2 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 dunng the growing season.
(4) The milk samples need be collected and analyzed only if the milk is commercnally available in quantities
Preater than 310 liters per year (see NUREG-0133, 5.3.1.1).
(5) f an ACTION Level is exceeded, check the lmtlatmg conditions listed in Radlologlcal Environmental

Monitoring Program section 5.c and Radiological Environmental Monitoring Program section 5.d, and
perform the corrective actions specified in Radiological Environmental Monitoring Program section 7.d
and/or Radiological Environmental Monitoring Program sectlon 7.e. .
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On Site Before Entrance to Camp Conoy

! Distance and direction from the Central Point of the ISFSI.
- Common to both the REMP and the ISFSIMP.

Attachment 20
Environmental Monitoring Sites for ISFSI '
STATION DESCRIPTION ~ , " DISTANCE' DIRECTION?
' ' (Kilometers) (Sector)
AIR SAMPLERS , T
AT? On Site Before Entrance to Camp Conoy 0.3 ESE
SFA1 _ Meteorological Station 0.3 NW
SFA2 CCNPP Visitor's Center 0.8 N
SFA3 North Northwest of ISFSI 0.1 NNW
SFA4 South of ISFSI 0.1 SSE
TLD LOCATIONS '
SFDR1 Southwest of ISFSI 0.2 sw
SFDR2 North of ISFSI 02 N
SFDR3 North Northeast of ISFSI 0.1 " N
SFDR4 Northeast of ISFSI <0.1 NE
SFDR5 East of ISFSI <0.1 E
SFDR6 East Southeast of ISFSI 0.1 ESE
SFDR?7 CCNPP Visitor's Center 0.8 N
SFDR8 North Northwest of ISFSI 0.1 NNW
SFDRS9Y ) South of ISFS! 0.1 SSE
SFDR10 North Northwest of ISFSI 0.1 NW
SFDR11 West Northwest of ISFSI 0.1 WNW
SFDR12 West of ISFSI <0.1 wsw
SFDR13 South Southwest of ISFSI <0.1 S
. SFDR14 South Southeast of ISFSI 0.1 SE
SFDR15 East Northeast of ISFSI <0.1 ENE
SFDR16 West Southwest of ISFSI <0.1 sw
DR72 On Site Before Entrance to Camp Conoy 0.3 ESE
DR30 Meteorological Station 0.3 NW
VEGETATION ’
SFb1 . Meteorological Station 03 NwW
SFb2 CCNPP Visitor's Center 0.8 N
SFb3 North Northwest of ISFSI 0.1 NNW
SFb4 South of ISFSI 0.1 SSE
SFb5 On Site Before Entrance to Camp Conoy 0.3 ESE
SOIL
SFS1 Meteorological Station 0.3 NwW
SFS2 CCNPP Visitor's Center 0.8 N
SFS3 North Northwest of ISFSI 0.1 NNW
SFs4 South of ISFSI 0.1 SSE
0.3 ESE

€002/L0

£002/20

€002/L0

€002/L0

€002/10

€002/L0

£002Z/L0
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, Attachment 22
Map of Environmental Monitoring Sites for ISFSI
(ENLARGED)

I‘.Q

i

w. olo

> £

vy

ALY

-~

A = Air Sampler (Plant)

DR = Direct Radiation (Plant)

SFDR = Direct Radiation (Spent Fuel)
SFA = Air Sampler (Spent Fuel)

PIC = Pressurized lon Chamber

SFS = Soil (Spent Fuel)

SFb = Vegetation (Spent Fuel)

€002Z/L0
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Attachment 23
Effluent Radiation Monitors

Description " Radiation Radiation

Element Indicator
Liquid Waste Discharge Radiation Monitor 0-RE-2201 0-RI-2201
Steam Generator Blowdown Effluent Radiation Monitor 1-RE-4095 1-RI1-4095
Steam Generator Blowdown Effluent Radiation Monitor 2-RE-4095 2-R1-4095
Steam Generator Blowdown Tank Radiation Monitor 1-RE-4014 1-RI-4014
Steam Generator Blowdown Tank Radiation Monitor 2-RE-4014 2-RI-4014
Wide Range Gas Monitor, Low Range 1-RE-5416 1-RIC-5415
Wide Range Gas Monitor, Low Range 2-RE-5416 2-RIC-5415
Westinghouse Plant Vent Stack Monitor 1-RE-5415 1-RI-5415
Westinghouse Plant Vent Stack Monitor 2-RE-5415 2-RI-5415

GASEOUS RADWASTE PROCESSING SYSTEM Radiation  0-RE-2191 0-RE-2191
Monitor

Accident Monitors Not Addressed By The ODCM

Wide Range Gas Monitor, Mid Range 1-RE-5417
Wide Range Gas Monitor, High Range 1-RE-5418
Wide Range Gas Monitor, Mid Range 2-RE-5417

Wide Range Gas Monitor, High Range 2-RE-5418



