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INTRODUCTION

10 INTRODUCTION

Part | of the Fermu 2 Offsite Dose Calculation Manual (ODCM), which includes Sections 20
through 5 0. contains the controls and survelllance requirements for radicactive effiuents
and radiological environmental monitoring It also contains requirements for the Annual
Radiclogical Environmental Operating Report and the Semiannua! Radioactive Etfluent
Release Repon

Part Il of the ODCM describes the methodology and parameters used in a) determining
radiocactive material release rates and cumulative releases, b) calculating radioactive liquid
and gaseous effluent monitoring instrumentation alarm/trip setpoints, and c¢) calculating the
corresponding dose rates and cumulative quarterly and yearly doses. Calculational
methods different from those provided in the ODCM may be used only if they lead to more
conservative results than would be obtained using ODCM methods. ODCM data for
dispersion factors, receptor locations exposure pathways, ventilation tlow rates, etc are
intended 10 lead 10 conservative results. However, it is permissible 10 use plant
procedures which implement the ODCM and which contain different data due 1o changes in
environmental and plant conditions

The methodology provided in Part il of this manual 1s acceptable for use in demonstrating
comgpliance with the concentration limits of 10 CFR 20, the cumulative dose critzria of
10 CFR 50. Appendix |, and 40 CFR 180. and the controls in Part | of this manual

Par 11, Section 60 of the ODCM describes eguipment for monitoring and controlling liquid
effluents, samphing requirements, and dose evaluation methods Section 7.0 provides
similar information on gaseous effluent controls, sampling. and dose evaluation

Secuion 80 describes special dose analyses required for compliance with Fermi 2 Offsite
Dose Calculavon Manual and 40 CFR 180 Section 9 0 describes the role of the annual land
use census In identitying the controling pathways and locations of exposure for assessing

potential off-site doses Section 100 describes the Radiclogical Environmental Monitoring
Program

The ODCM will be maintained &t Fermi 2 for use as a reference guide and training
document of uccepted methodologies and calculations Changes 1o the ODCM calculational
methodologies and parameters will be made as necessary 10 ensure reasonable
conservatism in keeping with the principles of 10 CFR 50 36a and Appendix | for
demonstrating radioactive effluents are "As Low As Reasonably Achievable ”

NOTE: Throughout this document words appearing all capnalized denote either definitions
specified in the Fermi 2 Controls or common acronyms

END OF SECTION 10
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2.0 DEFINITIONS

ACTION

2.1 ACTION shall be that part of a specification which prescribes remedial
measures required under designated conditions.

CHANNEL CALIBRATION

2.4 A CHANNEL CALIBRATION shall be the ad justment, as necessary, of the
channel output such that it responds with the necessary range and accuracy
to known values of the parameter which the channel monitors. The CHANNEL
CALIBRATION shall encompass the entire channel including the sensor and
alarm and/or trip functions, and shall include the CHANNEL FUNCTIONAL
TEST. The CHANNEL CALIBRATION may be performed by any series of
sequential, overlapping, or total channel steps such that the entire
channel is calibrated. Calibration of instrument channels with resistance
temperature detectors (RTD) or thermocouple sensors shall consist of
verification of operability of the sensing element and ad justment, as
necessary, of the remaining adjustable devices in the channel.

CHANNEL CHECK

2.5 & 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
2.6 A CHANNEL FUNCTIONAL TEST shall be:

a. Analog channels - the injection of a simulated signal into the
channel as close to the sensor as practicable to verify OPERABILITY
including alarm and/or trip functions and channel failure trips.

b. Bistable channels - the injection of a simulated signal into the
sensor to verify OPERABILITY including alarm and/or trip functions.

The CHANNEL FUNCTIONAL TEST may be performed by any sequential,

overlapping, or total channel steps such that the entire channel is
tested.

DOSE EQUIVALENT 1-131

2.9 DOSE EQUIVALENT I1-131 shall be that concentration of 1-131, microcuries
per gram, which alone would produce the same thyroid dose as the quantity
and isotopic mixture of I1-131, 1-132, 1-133, I-134, and 1-135 actually
present. The thyroid dose conversion factors used for this calculation
shall be those listed in Table 111 of TID-1484%, "Calculation of Distance
Factors for Power and Test Reactor Sites."

FREQUENCY NOTATION

2.14 The FREQUENCY NOTATION specified for the performance of Surveillance
Requirements shall correspond to the intervals defined in Table 2.1.
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2.0 DEFINITIONS

MEMBER(S) OF THE PUBLIC

2.21 MEMBER(S) OF THE PUBLIC shall include all persons who are not
occupationally associated with the plant. This category does not include
employees of the utility, its contractors or vendors. Alsoc 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

Lhe site for recreational, occupational, or other purposes not associated
with the plant.

OFF-GAS TREATMENT SYSTEM

2.23 hn OFF-GAS TREATMENT SYSTEM is any system designed and installed to reduce
radioactive gaseous effluents by collecting reactor coolant system
offgases from the reactor coolant and providing for delay or holdup for

the purpose of reducing the total radioactivity prior to release to the
environment.

OFFSITE DOSE CALCULATIONAL MANUAL

2.24 The OFFSITE DOSE CALCULATIONAL MANUAL (ODCM) shall contain the methodology
and parameters used in the calculation of offsite doses resulting from
radicactive gaseous and liquid effluent, in the calculation of gaseous and
liquid effluent monitoring alarm/trip setpoints, and in the conduct of the
radiological environmental monitoring program. The ODCM shall also
contain (1) the Radiological Effluent Controls and Radiological
Environmental Monitoring Program Controls reguired by Technical
Specification 6.8.5, and (2) descriptions of the information that shouid
be included in the Annual Radiological Environmental Operating and
Semiannual Radicactive Effluent Reports reguired by Controls 5.9.1.7 and
5.9.1.8.

QPERABLE - OPERABILITY
2.

25 A system, subsystem, train, component, or device shall be OPERABLE or have
OPERABILITY when it is capable of performing its specified function(s) and
when all necessary attendant instrumentation, controls, electrical power,
cooling or seal water, lubrication or other auxilliary eguipment that are
required for the system, subsystem, train, component or device to perform

its function(s) are also capable of performing their related support
function(s).

OPERATIONAL CONDITION - CONDITION

2.26 An OPERATIONAL CONDITION, i.e., CONDITION, shall be any one inclusive
combination of mode switch position and average reactor coolant
temperature as specified in Table 2.2.

PURGE - PURGING

2.31 PURGE or PURGING 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 required to purify the confinement.
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2.0 DEFINITIONS

RATED THERMAL POWER

2.32 RATED THERMAL POWER shall be a total reactor core heat transfer rate to
the reactor coolant equivalent to that stated in the Technical
Specification definition of RATED THERMAL POWER.

REPORTABLE EVENT
2.34 2 REPORTABLE EVENT shall be any of those conditions specified in Section
50.73 to 10 CFR Part 50.

SITE BOUNDARY
2.38 The SITE BOUNDARY shall be that line beyond which the land is neither
owned, nor leased, nor otherwise controlled, by the licensee.

SOURCE CHECK
2.40 A SOURCE CHECK shall be the gualitative assessment of channel response
when the channel sensor is exposed to a radicactive source.

THERMAL POWER

2.42 THERMAL POWER shall be the total reactor core heat transfer rate to the
reacter coclant.

UNRESTRICTED AREA

2.45 An UNRESTRICTED AKEA 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 radicactive
materials, or any area within the SITE BOUNDARY used for residential
Quarters or for industrial, commercial, institutional, and/or recreational
purposes.

VENTILATION EXHAUST TREATMENT SYSTEM

2.4b A VENTILATION EXHAUST TREATMENT SYSTEM shall be any system designed and
installed to reduce gaseous radioiodine or radicactive material in
particulate form in effluents by passing ventilation or vent exhaust gases
through charcoal adsorbers and/or 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

2.47 VENTING shall be the controlled process of discharging air or gas from a
confinement to maintain temperature, pressure, humidity, concentration or
other operating condition, in such a manner that replacement air or gas is
not provided or required during VENTING. Vent, used in system names, does
not imply a VENTING process.
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TABLE 2.1
SURVEILLANCE FREQUENCY NOTATION

NOTATION FREQUENCY
S At least once per 12 hours.
D At least once per 24 hours.
W At least once per 7 days.
M At least once per 31 days.
Q At least once per 92 days.
SA At least once per 184 days.
A At least once per 366 days.
R At least once per 18 months (550 days).
S/U Prior to each reactor startup.
P Prior to each radiocactive release.

N.&. Not applicable.
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2.0 DEFINITIONS

TABLE 2.2
OPERATIONAL CONDITIONS

MODE SWITCH AVERAGE REACTOR
CONDITION POSITION COOLANT TEMPERATURE
1. POWER OPERATION Run Any temperature
2. STARTUP Startup/Hot Standby Any temperature
3. HOT SHUTDOWN Shutdownf# , ### > 200 degrees F
4. COLD SHUTDOWN Shutdowns, ##, %&« < 200 degrees F

5.  REFUELING* Shutdown or refuel®*® ¢

A

140 degrees F

# The reactor mode switch may be placed in the Run, Startup/Hot Standby,
or Refuel position to test the switch interlock functions and related
instrumentation provided that the control rods are verified to remain
fully inserted by a second licensed operator or other technically
qualified member of the unit technical staff.

## The reactor mode switch may be placed in the Refuel position while a
single control rod drive is being removed from the reactor pressure
vessel per Technical Specification 3.9.10.1.

* Fuel in the reactor vessel with the vessel head closure bolts less
than fully tensioned or with the head removed.

#% See Special Test Exceptions 3.10.1 and 3.10.3 of Technical
Specifications.

#&* The reactor mode switch may be placed in the Refuel position while a
single control rod is being recoupled or withdrawn provided that the
one-rod-out interlock is OPERABLE.

END OF SECTION 2.0
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3/4 CONTROLS AND SURVEILLANCE REQUIREMENTS

3/4.0 APPLICABILITY

CONTROLS

3.0.1 Compliance with the succeeding Controls is required during the
OPERATIONAL CONDITIONS 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 regquirements 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 an OPERATIONAL CONDITION in which the control does not apply
by placing it, as applicable, in:

R At least STARTUP within the next € hours,
- 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.

This Control is not applicable in OPERATIONAL CONDITIONS 4 or 5,

3.0.4 Entry into an OPERATIONAL CONDITION or other specified condition shall
not be made when the conditions for the Controls are not met and the
associated ACTION rejuires a shutdown if they are not met within a
specified time interval. Entry into an OPERATIONAL CONDITION or other
specified condition may be mace in accordance with the ACTION
requirements when conformance to them permits continued operation of
the facility for an unlimited period of time. This provision shall
not prevent passage through or to OPFRATIONAL CONDITIONS as required
to comply with ACTION requirements. . eptions to these reguirements
are stated in the individual Controls.
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APPLICABILITY

SURVEILLANCE REQUIREMENTS

4.0.1 Surveillance Requirements shall be met during the OPERATIONAL
CONDITIONS or other conditions specified for individual Controls
unless otherwise stated in an individual Surveillance Reguirement.

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

4.0.3 Failure to perform a Surveillance Requirement within the allowed
surveillance interval, defined by Surveillance 4.0.2, shall constitute
noncompliance with the OPERABILITY requirements for a Contrcl. The
time limits of the ACTION requirements are applicable at the time it
is identified that a Surveillance Requirement has not been performed.
The ACTION reguirements may be delayed for up to 24 hours to permit
the completion of the surveillance when the allowable outage time
limits of the ACTION reguirements are less than 24 hours.

Surveillance Reguirements do not have to be performed on inoperable
equipment.

4.0.4 Entry inte an OPERATIONAL CONDITION or other specified applicable
condition shall not be made unless the Surveillance Requirement(s)
associated with the Control have been performed within the applicable
surveillance interval or as otherwise specified. This provision shall
not prevent passage through or to OPERATIONAL CONDITIONS as required
to comp.y with ACTION requirements.
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INSTRUMENTATION

RaDICACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.11 The radioactive liquid effluent monitoring instrumentation channels

shown in Table 3.3.7.11-1 shall be OPERABLE with their alarm/trip setpoints set
to ensure that the limits of Control 3.11.1.1 are not exceeded. The alarm/trip
setpoints of these channels shall be determined and adjusted in accordance with
the methodclogy and parameters in the OFFSITE DOSE CALCULATIONAL MANUAL (ODCM).

APPLICABILITY: At all times.

ACTION:

a. With a radicactive liquid effluent monitering instrumentation channel
alarm/trip setpoint less conservative than required by the above
control, immediately suspend the release of radicactive liquid
effluents monitored by tne affected channel, or declare the channel
inoperable, or change the setpoint so it is acceptably conservative.

b. With less than the minimum number of radiocactive liquid effluent
monitoring instrumentation channels OPERABLE, take the ACTION shown in
Table 3.3.7.11-1. Restore the inoperable instrumentation to OPERABLE
status within 30 days and, if unsuccessful, explain why this
inocperability was not corrected in a timely manner in the next
Semiannual Radiocactive Effluent Release Report.

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

SURVEILLANCE REQUIREMENTS

4.3.7.11 Each radicactive liguid effiuent 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 4.3.7.11-1.



TABLE 3.3.7.11-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

INSTRUMENT

GROSS RADIOACTIVITY MONITORS PROVIDING ALARM AND
AUTOMATIC TERMINATION OF RELEASE

8, Liaouid Radwaste Effluent Line D11-NDOT7

GROSS RADIOACTIVITV MONITORS PROVIDING ALARM BUT
NOT PROVIDING AUTOMATIC TERMINATION OF RELEASE

a, Circuiating Water Reserveoir Decant Line D11-NAD2
FLOW RATE ML SUREMENT DEVICES
a. Liguid Ravwaste Efflyent Line G11-R703

b. Circulating Water Reservoir Decant Line N71-HR0O2

MINTMUM
CHANNELS
OPERABLE

opewm 3.0
Revision 4
Page 3.0-5
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TABLE 3.3.7.11.1 (Continued)

TABLE NOTATIONS

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases from
this pathway may continue provided that prior to initiating a
release:

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

b. At least two technically qualified individuals
independently verify the release rate calculations and
discharge line valving;

Otherwise, suspend release of radioactive effluents via this
pathway.

With the number of channels OPERABLE less than the Minimum
Channels OPERABLE requirement, effluent releases via this
pathway may continue provided that grab samples are collected
and analyzed at least once per 12 hours for gross radioactivi&y
(beta or gamma) at a lower limit of detection of at least 10~
microcurie/ml, for Cs-137. Otherwise, suspend release of
radicactive 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 during actual releases. Pump performance
curves generated in place may be used to estimate flow.
Otherwise, suspend release of radicactive effluents via this
pathway.



w

TABLE 4.3.7.11-1

CHANNEL
CHECK

GROSS RADIDACTIVITY MONITORS DEROVIDING
ALARWM AND AUTOMATIC TERMINATION

OF RELEASE

A Liguid Badwaste EfFfluent [ ine ]
GROSS BETA OR GAMMA RADIODACTIVITY MONTTORS

PEOVIDING ALARM BUT NOT PROVIDING AUTOMATIC

TERMINATION OF RELEASE

a. Circulating Water Recservoir Decant Line D
DYY-NAD2

FLOW RATE MEASUREMENT DEVICES (4)
8. Liguid Radwaste Effluent Line Dfa)

b. Circulating Water Reservoi~ Decant _ine Dla)

opCe 3.0
Revieion &
Page 3 .0-7

LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVETLLAMCE REQUIREMENTS

CHANNE |
SOURCE CHANNE | FUNCTIONAL
CHECK CALIBRATION TEST -
» R} Q1)
L B{3) Q%)
N_A R Q
N_A » 0
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TABLE 4.3.7.11-1 (Continued)

TABLE NOTATIONS

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic
isolation of this pathway occurs if any of the following conditions
exists:

1. Instrument indicates measured levels above the alarm/trip setpoint.

2. Circuit failure.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if any of the following conditions exists:

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

3. Instrument indicates a downscale failure.

4. Instrument controls not set in operate mode.

The initial CHANNEL CALIBRATION shall be performed using National Bureau
of Standards traceable sources. These standards shall permit calibrating
the system over the range of energy and measurement expected during normal
operation and anticipated operational occurrences. For subsequent CHANNEL
CALIBRATION, sources that have been related to the initial calibration or
are National Bureau of Standards traceable shall be used.

CHANNEL CHECK shall consist of verifying indication of flow during periods
of release. CHANNEL CHECK shall be made at least once per 24 hours on
days on which continous, periodic, or batch releases are made.

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.
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INSTRUMENTATION

RADIOACTIVE GASEQUS EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3.3.7.12 The radicactive gaseous effluent monitoring instrumentation channels
shown in Table 3.3.7.12-1 shall be OPERABLE with their alarm/trip setpoints set
to ensure that the limits of Control 3.11.2.1 are not exceeded. The alarm/trip
setpoints of these channels, with the exception of the offgas monitoring
system, shall be determined and adjusted in accordance with the methodology and
parameters in the ODCM.

APPLICABILITY: As shown in Table 3.3.7.12-1

ACTION:

a. With a radiocactive gaseous effluent monitoring instrumentation channel
alarm/trip setpoint less conservative than required by the above
Control, immediately suspend the release of radiocactive gaseous
effluents monitored by the affected channel, or declare the channel
inoperable, or change the setpoint so it is acceptably conservative.

b. With less than the minimum number of radiocactive gaseous effluent
monitoring instrumentation channels OPERABLE, take the ACTION shown in
Table 3.3.7.12-1. Restore the inoperable instrumentation to OPERABLE
status within 30 days and, if unsuccessful, explain why this
inoperability was not corrected in a timely manner in the next
Semiannual Radioactive Effluent Release Report.

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

SURVEILLANCE REQUIREMENTS

4.3.7.12 Ea h radicactive 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 4.3.7.12-1.



~

TABLE 3.3.7.12-)

INSTRUMENT

REACTOR BUILDING EXHALST PLENUN
EFFLUENT MONITORING SVYSTEW

8. Low Range Nobhle Gas Activity Moaniter -
Providing Alarm

b. lodine Sampler
c. Particulate Sampler
d. Sampier Flow Rate Monitor

OFFGAS MONITORING SYSTEM (At the 2 7 wminute
delay piping)

a. Nobie Gas Activity Monitor
STANDBY GAS TREATMENT SVYSTEM

a. Low Range Noble Gas Activity Monitor
Providinag Alarm

b. lodine Sampler

c. Particulate Sampier

¢d. Sampler Flow RHate Monitor

MINTMUM CHANNELS
OPERABLE

opew 3.0
Heyisipn 4
fage 3 .0-10

__GASEQUS EFFLUENT MONITORING INSTRUMENTATION

APPLICABILITY

126
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TABLE 3.3.7.12-1 (Cant inued)
ADIOACTIVITY GASEOUS FITLUENT MONTTORING INSTHUMENTATION

MINIMUM CHaNNE( S

INSTRUMENT opERABLE APPLICARILITY ACTION

TURBINE BLDG. VENTILATION MONITORING SVATEM

a. Lox Range Notle Gas Activity Manitor 1 .
b. lodine Sampler 1 .
t. Particulate Sampler 1 .
o Sampler Flopw Rate Monitor 1 .
SERVICE BUILDING VENTILATION MONTTORING

SVSTEM

a. Low Range Nobls Gas Activity Monitor S -
b. lodine Sampler 1 .
¢. Farticulate Sampler 1 .
g. Samplisr Flow Rate Maonitor 1 .

-
na
L8

-
3
~

-
~a
=



TABLE 3.3.7.12-1 (Continued)

RADIOACTIVE GASEOUS EFFLUENT MONTTORING INSTRUMENTATION

INSTRUMENT

RADWASTE BUILDING VENTILAYION MONTTORING
SVAETEM

A Low Range Noble Gas Activity Manitor
b lodine Sampler

£, Particulate Sampler

0. Samplier Flow Rate Wonitor

ONSTTE STORAGE BUILDING VENTILATION
EXMAUST RADIATION MON]TOR

a. Low RHange Nob'e Gas Activity Monitor
. Jedine Sampler
. Particulate Sampler

d. Sampler Flow Rate Monitor

MINIMUM CHANNELS
_OPERABLE .

Agﬂk

opee-43.0
Beyisinn &8
Page 2. 01=12

ABILITY ACTION
. 12t
& 127
* 122

-
~

. 121
. V22
. 122
. 123
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TABLE 3.3.7.12-1 (Continued)

TABLE NOTATIONS

* At all times.

*%  Not used.

®%% During operation of the main condenser air ejector.
i During operation of the standby gas treatment systenm.
## Also included in Technical Specifications Tabtle 3.3.7.5.1 Item 13.a.

ACTION 121

ACTION 122

ACTION 123

ACTION 124
ACTION 125

ACTION 126

1

ACTION STATEMENTS

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, effluent releases via
this pathway may continue provided grab samples are taken at
least once per 12 hours and these samples are analyzed for gross
activity within 24 hours. OQtherwise, suspend release of
radicactive effiuents via this pathway.

With the number of channels OPERABLE one less than regquired by
the Minimum Channels OPERABLE requirement, effluent releases via
this pathway may continue provided that within 8 hours samples
are continuously collected with auxiliary sampling equipment as
required in Table 4.11.2.1.2-1.

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. Otherwise, suspend release of
radioactive effluents via this pathway.

Not used.

With the number of channels OPERABLE less than reguired by the
Minimum Channels OPERABLE regquirement, effluent releases via
this pathway may continue provided grab samples are taken at
least once per 4 hours and these samples are analyzed for gross
activity within 24 hours. Otherwise, suspend release of
radicactive effluents via this pathway.

With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE reguirement, releases via this palhway
to the environment may continue for up to 7 days provided that:
a. The offgas system is not bypassed, and

b. The reactor building exhaust plenum noble gas effluent
(downstream) monitor is OPERABLE;

Otherwise, be in at least HOT STANDBY within 12 hours.



opew 3.0
Revision 4
Page 31.0-14

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL MODES IN WHICH
CHANNE L  SOURTE  [HAENNE| FUNCTITONAL SURVETLLANCE
INSTRUMENT CHECK =~ CMECH  C(ALIBRATION TEST REQUIRED
REACTOR BUILDING EXHAUST PLENUM
a, Low Range Noble Gas Activity Monitor -
Providina alarm 4] L "2} Q1) .
B, lodine Sampier w N_A, N.A, NoA -
€. Particulate Sampler " NoA N. &, N.A, .
d. Sampler Flow Rate Monistnr n N.oA R 0 .
OFFGAS MONITORING SYSTEM (At the
2.2 minute delay pipinag)
a., Nobhle Gas Activity Manispr D L4 R(Z2) Q1) e
STANDBRY GAS THFATMENT
MONITORING SYLTEwm
a. Low Range Nobt:ie Gas Activity Manitor 8] L Ri Q{1 "
b lodine Sampler w N A NoA. NoA, .
€. tarticulate Sampler w N.oa, NoA NoA, -

. Sampler Flow Rate Montitor D N_oA e ¢ *



R ——
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opCw-3.0
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TABLE 4.3.7 12 1 (Cont inued)
RADIOACTIVE GASEOUS EFFLUTNT MONTTORING TNSTRUMENTATION SURVETLLANCE REQUIREMENTS

CHANNE | MODES IN WHICH
CHANNEL SOURCE  CHANNMEL FUNCTIONAL SURVEILLANCE
INSTRUMENT CHECK  CHECK  CALIBRATION TESY_ . _REQUIRED _
TURBINE BLDG. VENTILAY]OA
MONTTORING SYSTEWM
a. Low Range Noble Gas A« iy ity Monitor (il L L LA | Qra:y .
b, Jodine Sampler w L Noa N.oA .
€. Particulate Sampler w LU Lo NOA .
¢, Sampler Flow Rate Monitnr r N_A " 0 .
SERVICE BUILDING VENTILATION
MENTTORING SVSTEM
a. Low Range Noble Gas Activity Monitor t » B(2) gta) .
. lodine Sampler v NoA N & NoA .
€. Partizulate Sampler w NoA N_A N_A . .

d. Sampler Flow Rate Monitos n U ] o .
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TABLE 4.3.7.12-1 _(Continued)
RADJIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNE | MODES IN WHTICOH
CHAMNE . SOURCE  CHANNEL FUNCTIONAL SURVETLLANCE !
INSTRUMENT CHECH CMECW  CALIBRATION TEST REQUIRED |
L RADWASTE BUTLDING VENTTLATION
MONTITORING SVSTEM .
a. Low Ranage Nob'le fLmrs Bctiyvity Manitgs [ L3 L ) Gta) .
b, lodine Sampier w U ¥ L NoA .
. Particutate Sampler » NoA, NoR NoA *
. Sampler Flow BEate Monitor t N_oA, £ o) . '
i ONSITE STORAGE BUTLDING
VENTILATION EMMAUST WADIATION
MON T TOR
8. Low Range Nable (as Activity Monitor (X Ld U R Q1) .
b, lodine Samplier w L N_ A, NoA .
€. Particulate Sampler w N.oA, NoA LI .

o Sampler Fliaow Bate Moo i tar n N.oA 1] G -

B 1 R - R R R R R R T R R I R R T R I i R R T VISV R TR R T R - BRI T IR S Oy "R N T SR B LR T RN B R R i T Ty



Nuclear Production - Fermi 2 ODCM-3.0
Offsite Dose Calculation Manual Revision 4

(1)

(2)

(3)
(%)

Page 3.0-17

TABLE 4.3.7.12-1 (Continued)

TABLE NOTATIONS

At all times.

Not used.

During operation of the main condenser air ejector.
During operation of the standby gas treatment system.

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.

4. Instrument controls not set in operate mode (alarm or type).

The initial CHANNEL CALIBRATION shall be performed using National Bureau
of Standards traceable sources. These standards shall permit calibrating
the system over the range of energy and measurement expected during normal
operation and anticipated operational occurrences. For subseguent CHANNEL
CALIBRATION, sources that have been related to the initial calibration or
are National Bureau of Standards traceable shall be used.

Not used.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic
isolation occurs on high level and that control room alarm annunciation
occurs if any of the following conditions exists:

1. Instrument indicates measured levels above the alarm setpoints.

2. Circuit failure.
3. Instrument indicates a downscale failure.

4. Instrument controls not set in the operate mode (alarm or type).
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3/4.11 RADIOACTIVE EFFLUENTS

3/4.11.1 LIQUID EFFLUENTS

CONCENTRATION

CONTROLS

3.11.1.1 The concentration of radiocactive material released in liquid effluents
to UNRESTRICTED AREAS (see Figure 3.0-1) shall be limited to the
concentrations specified in 10 CFR 20, Appendix B, Table 11, Column 2
for radionuclides cother than dissolved or entrained noble gases. For
dissclved Br entrained noble gases, the concentration shall be limited
to 2 X 107" microcuries/ml total activity.

APPLICABILITY: At all times.

ACTION:

With the concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS exceeding the above limits, immediately restore the
concentration to within the above limits.

SURVEILLANCE REQUIREMENTS

4.11.1.1.1 Radiocactive liquid wastes shall be sampled and analyzed according
to the sampling and analysis program of Table 4.11.1.1.1-1,

4.11.1.1.2 The results of the radicactivity analyses shall be used in
accordance with the methodology and parumeters 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,.1.1.1-1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Lower Limit
Minimum of Detection
Liquid Release Sampling  Analysis Type of Activity  (LLD)®
Type Freguency Freguency knalysis {uCi/ml)
A. Ratch Ugste P 7
Release fach Batch Each Batch  Principal Gamma & ¥ 107
Sample Emitters®
Tanks (3)
1-131 1 ¥ 1078
p M Dissolved and 1% 1072
One Batch/M Entrained Gases
(Camma Emitters)
P M H-3 1% 107
Each Batch Composited Gross Alpha 1% 1077
P Q Sr-89, Sr-90 5 X 10‘8
Each Batch Composite? Fe-55 1 x 10°t
B Continuous
Releases® ¥ Principa] Gamma 5 X 16-7
Circulating NA Emitters
Water Composited 6
System (if 1-131 1 X 107
contaminated)
W v Dissolved and 1 X 1072
Grab Sample Entrained Gases
(Camma Emitters)
n H-3 1% 1072
N&
Composited Gross Alpha 1X 10‘7
Q Sr-89, Sr-90 5 X 10"8
NA

Composite®  Fe-55 1 % 10°6
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TABLE 4.11.1.1.1-1 (Continued)

TABLE NOTATION

&The LLD is defined, for purposes of these controls, as the smallest
concentration of radiocactive 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 radicchemical
separation:

4.66 sy

LLD =
£V - 2.22x 10%* ¥ * exp (-dat)

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 106 is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

A is the radicactive decay constant for the particular radionuclide, and

4t for plant effluents is the elapsed time between the midpoint of sample
collection and time of counting.

Typical values of E, V, Y, and 4t should be used in the calculation.

It should be recognized that the LLD is defined as an & 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.

s batch release is the discharge of liquid wastes of a discrete volume.
Prior to sampling for analyses, each batch shall be isolated, and then

thoroughly mixed by a method described in the ODCM to assure representative
sampling.
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TABLE 4.11.1.1.1-1 (Continued)

TABLE NOTATION

CThe principal gamma emitters for which the LLD specification applies
exclusively are: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137,
Ce-141, and Ce-144. This does not mean that only these nuclides are to be
considered. Other peaks ihat are identifiable, together with those of the
above nuclides, shall alsc be analyzed and reported in the Semiannual
Radiocactive Effluent Release Report pursuant to Control 5.9.1.8.

9 composite sample is one in which the guantity of liquid samples is
proportional to the guantity of liquid waste discharged and in which the method
of sampling employed results in a specimen that is representative of the
liguids released. This may be accomplished through composites of grab samples
obtained prior to discharge after the tanks have been recirculated.

€A continuous release is the discharge of liquid wastes of a nondiscrete
volume; e.g., from a volume of a system that has an input flow during the
continucus release.
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RADIDACTIVE EFFLUENTS

DOSE
CONTROLS

3.11.1.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from
radiocactive materials in liquid effluents released, from each reactor unit, to
UNRESTRICTED AREAS (see Figure 3.0-1) shall be limited:

a. During any calendar guarter to less than or equal to 1.5 mrems to the
total body and to less than or equal to 5 wrems to any organ, and

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

APPLICABILITY: At all times.

ACTION:

a. With the calculated dose from the release of radicactive materials in
liguid effluents exceeding any of the above limits, prepare and
submit to the Commission within 30 days, pursuant to Technical
Specification 6.9.2, 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 subseguent releases will be in
compliance with the above limits. This Special Report shall also
include (1) the results of radiological analyses of the drinking
water source and (2) the radiological impact on finished drinking

water supplies with regard to the requirements of 40 CFR Part 141,
Safe Drinking Water Act.®

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

SURVEILLANCE REQJIREMENTS

4.11.1.2 Cumulative dose contributions from liquid effluents for the current
calendar guarter and the current calendar year shall be determined in

accordance with the methodology and parameters in the ODCM at least once per 31
days.

iApplicable only if drinking water supply is taken from the receiving water
body within 3 miles of the plant discharge.
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RADIOACTIVE EFFLUENTS

LIQUID WASTE TREATMENT

CONTROLS

3.11.1.3 The liquid radwaste treatment system shall be OPERABLE and
appropriate portions of the system shall be used to reduce the radicactive
materials in liguid wastes prior to their discharge when the projected doses
due to the liquid effluent, from each reactor unit, to UNRESTRICTED AREAS (see
Figure 3.0-1) would exceed 0.06 mrem to the total body or 0.2 mrem to any organ
in any 31-day period.

APPLICABILITY: At all times.

ACTION:

a@. With radicactive liquid waste being discharged and in excess of the
above limits and any portion of the liquid radwaste treatment system
not in operation, prepare and submit to the Commission within 30 days
pursuant to Technical Specification 6.9.2 a Special Report that
includes the following information:

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

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

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

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

SURVEILLANCE REQUIREMENTS

4.11.1.3.1 Doses due to liguid releases from each reactor unit to UNRESTRICTED
AREAS shall be projected at least once per 31 days in accordance with the
methodology and parameters in the ODCM.

4.11.1.3.2 The installed liquid radwaste treatment system shall be
demonstrated OPERABLE by meeting Controls 3.11.1.1 and 3.11.1.2.
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RADIOACTIVE EFFLUENTS

3/8.11.2 GASEOUS EFFLUENTS

DOSE RATE
CONTROLS

3.11.2.1 The dose rate due to redicactive materials released in gaseous
effluents from the site to areas at and heyond the SITE BOUNDARY (see Figure
3.0-1) shall be limited to the following:

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

b. For iodine-131, iodine-133, tritium, and for all radionuclides in
particulate form with half-lives greater than 8 days: Less than or
egual to 1500 mrems/yr to any organ.

APPLICABILITY: At all times.

ACTION:

With the dose rate(s) exceeding the above limits, immediately restore the
release rate to within the above limit(s).

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 cdue to iodine-131, iodine-133, tritium, and all other
radionuclides in particulate form with half-lives greater than 8 days in
gaseous effluents shall be determined tc 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 4.11.2.1.2-1.
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TABLE 4.11.2.1.2-1 (Continued)

TABLE NOTATICN

8The LLD is defined, for purposes of these controls, as the smallest
concentration of radicactive 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 Sp

-

LLD ~

E*v-2.22x 100 ¥+ exp (-hat)
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 106 is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

Xis the radicactive decay constant for the particular radionuclide, and

At for plant effluents is the elapsed time between the midpoint of sample
collection 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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TZBLE 4.11.2.1.2-1 (Continued)

TABLE NOTATION

PThe principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m,
Xe-135, and Xe-138 in noble gas releases and Mn-54, Fe-59, Co-58, Co-60, Zn-65,
Mo-99, 1-131, Cs-134, Cs-137, Ce-141, and Ce-144 in iodine and particulate
releases. This 1ist does not mean that only these nuclides are to be
considered. Other gamma peaks that are identifiadble, together with those of
the above nuclides, shall also be analyzed and reported in the Semiannual
Radiactive Effiuent Release Report pursuant to Control 5.9.1.8.

cSampllng and analysis shall also be performed following shutdown, startup,

or a THERMAL POWER change exceeding 15% of RATED THERMAL POWER within a 1-hour
period. This requirement does not apply if (1) analysis shows that the DOSE
EQUIVALENT 1-131 concentration in the primary coclant has not increased more
than a factor of 3; and (2) the noble gas monitor shows that effluent activity
has not increased more than a factor of 3.

dTritium grab samples shall be taken at least once per 24 hours when either
the reactor well or the dryer-separator storage pool is flooded.

€Tritium grab samples shall be taken at least once per 7 days from the
ventilation exhaust from the spent fuel pool area, whenever spent fuel is in
the spent fuel pool.

rThe ratio of the sample flow rate to the sampled stream flow rate shall be
known for the time period covered by each dose or dose rate calculation made in
accordance with Controls 3.11.2.1, 3.11.2.2, and 3.11.2.3.

Bsamples shall be changed at least once per 7 days and analyses shall be
completed within 48 hours after changing, or after removal from sampler.
Sampling shall also be perform:d at least once per 24 hours for at least 7 days
following each shutdown, startup or THERMAL POWER change exceeding 15% of RATED
THERMAL POWER in 1 hour and an: lyses shall be completed within 48 hours of
changing. When samples collected for 24 hours are analyzed, the corresponding
LLDs may be increased by a factor of 10. This requirement does not apply if
(1) analysis shows that the DOSE EQUIVALENT 1-131 concentration in the primary
coolant has not increased more than a factor of 3; and (2) the noble gas
monitor shows that effluent activity has not increased more than a factor of 3.

hRequired when the SCTS is in operation.

iThe containment shall be sampled and analyzed within 8 hours prior to the
start of any VENTING or PURGING and at least once per 12 hours during VENTING
or PURGING of the drywell through other than SGTS.
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RADIOACTIVE EFFLUENTS

DOSE - NOBLE GASES

CONTROLS

3.11.2.2 The air dose due to noble gases released in gaseous effluents, from
each reactor unil, to areas at and beyond the SITE BOUNDARY (see Figure 3.0-1)
shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrads for gamma

radiation and less than or equal to 10 mrads for beta radiation and,

b. During any calendar year: Less than or egual to 10 mrads for gamma
radiation and less than or equal to 20 mrads for beta radiation.

APPLICABILITY: At all times.

ACTION:

a. With the calculated air dose from radicactive noble gases in gaseous
effluents exceeding any of the above lim‘ts, prepare and submit to
the Commission within 30 days, pursuant to Technical Specification
6.9.2, 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 subseguent releases will be in compliance with
the above limits.

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

SURVEILLANCE REQUIREMENTS

4.11.2.2 Cumulative dose contributions for the current calendar guarter 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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RADIOACTIVE EFFLUENTS

GASEQOUS EFFLUENTS

DOSE - I1ODINE-131, IODINE-133, TRITIUM, AND RADIONUCLIDES IN PARTICULATE FORM
CONTROLS

3.11.2.3 The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133,
tritium, and all redionuclides in particulate form with half-lives greater than
8 days in gasecus effluents released, from each reactor unit, to areas at and
beyond the SITE BOUNDARY (see Figure 3.0-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrems to any
organ and,

b. During any calendar year: Less than or equal to 15 mrems to any
organ.

APPLICABILITY: At all times.

ACTION:

a. With the calculated dose from the release of iodine-131, iodine-133,
tritium, and radionuclides 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 within 30 days,
pursuant to Technical Specification 6.9.2, 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 subseguent
releases will be in compliance with the above limits.

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

SURVEILLANCE REQUIREMENTS

4.11.2.3 Cumulative dose contributions for the current calendar quarter and
current calendar year for jodine-131, iodine-133, tritium, and radionuclides in
particulate form with half-lives greater than 8 days shall be determined in
accordance with the methodology and parameters in the ODCM at least once per 31
days.
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RADIOACTIVE EFFLUENTS

OFF-GAS TREATMENT SYSTEM

CONTROLS

3.11.2.4 The OFF-GAS TREATMENT SYSTEM shall be OPERABLE and shall be in
operation.

APPLICABILITY: Whenever the main condenser steam jet air ejectors are in
operation.

ACTION:

a. With the OFF-GAS TREATMENT SYSTEM inoperable for more than 7 days,
prepare and submit to the commission within 30 dayvs, pursuant to
Technical Specification 6.9.2, a Special Report that includes the
following information:

s Identification of the inoperable equipment or subsystems and
the reason for the inoperability,

n
-

Action(s) taken to restcre the inoperable equipment to
OPERABLE status, and

;0 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.

¢. The provisions of Control 4.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.4 The OFF-GAS TREATMENT SYSTEM shall be demonstrated OPERABLE by
meeting Controls 3.11.2.1, 3.11.2.2, and 3.11.2.3.
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RADIOACTIVE EFFLUENTS

VENTILATION EXHAUST TREATMENT SYSTEM

CONTROLS

3.11.2.5 The VENTILATION EXHAUST TREATMENT SYSTEM as described in the ODCM
shall be OPFRABLE and appropriate portions of the system shall be used to
reduce radiocactive materials in gaseous waste priur to their discharge when the
projected doses due to gaseous effluent releases from the site to UNRESTRICTED
AREAS (see Figure 3.0-1) would exceed 0.3 mrem to any organ in any 31-day
period.

APPLICARILITY: At all times.

ACTION:

a. With radicactive gaseous waste being discharged in excess of the
above limits and any portion of the VENTILATION EXHAUST TREATMENT
SYSTEM not in operation, prepare and submit tc the Commission within
30 days pursuant to Technical Specification 6.9.2 a Speciai Report
that includes the following information:

Identification of any inuperable eguipment or subsystems, and
the reason for the inoperability,

- Action(s) taken to restore the inoperable eguipment to
CPERABLE status, and

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

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

SURVEILLANCE REQUIREMENTS

4.11.2.5.1 Doses due to gaseous releases from the site shall be projected at
least once per 31 days in accordance with the methodology and parameters in the

ODCH, .hen any portion of the VENTILATION EXHAUST TREATMENT SYSTEM is not in
use.

4.11.2.5.2 The VENTILATION EXHAUST TREATMENT SYSTEM shall be demonstrated
OPERABLE by meeting Controls 3.11.2.1, 3.11.2.2, and 3.11.2.3.
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RADIOACTIVE EFFLUENTS

VENTINC OR PURGINC

CONTROLS

3.11.2.8 VENTING or PURGING of the Mark I containment shall be through the
standby gas treatment system or the reactor building ventilation system.

APPLICABILITY: Whenever the containment is vented or purged.

ACTION:

a. With the reguirements of the above control not satisfied, suspend all
VENTING or PURGING of the drywell.

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

SURVEILLANCE REQUIREMENTS

4.11.2.8.1 The containment shall be determined to be aligned for VENTING or
PURGING through the standby gas treatment system or the reactor building
ventilation system within 4 hours prior to start of and at least once per 12
hours during VENTING or PURCING of the containment.

4.11.2.8.2 Prior to use of the purge system through the standby gas treatment
system assure that:

a. Both standby gas treatment system trains are OPERABLE whenever the
purge system is in use, and

L. Whenever the purge system is in use during OPERATIONAL CONDITION 1 or
2 or 3, only cne of the standby gas treatment system trains may be
used.

4.11.2.8.3 The containment drywell (or torus) shall be sampled and analyzed
per Table 4.11.2.1.2-1 of Controcl 3.11.2.1 within 8 hours prior to the start of
and at least once per 12 hours during VENTING or PUKGING of the drywell (or
torus) through other than the standby gas treatmeniL systenm.
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RADIOACTIVE EFFLUENTS

3/4.11.4 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 radicactive materials
in ligquid or gaseous effluents exceeding twice the limits of Controls
3.11.1.2a., 3.11.1.2b., 3.11.2.2a., 3.11.2.2b., 3.11.2.3a., or
3.11.2.3b., calculations should be made including direct radiation
contributions from the reactor units and from 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
within 30 days, pursuant to Technical Specification 6.9.2, a Special
Report that defines the corrective action to be taken to reduce
Subseguent r¢.coses 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
radicactive 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

reguest, and a variance is granted until staff action on the request
is complete.

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

SURVEILLANCE REQUIREMENTS

4.11.4.1 Cumulative dose contributions from 1liquid and gaseous effluents shall
be determined in accordance with Controls 4.11.1.2, 4.11.2.2, and 4.11.2.3, and
in accordance with the methodology and parameters in the ODCM.

4.11.4.2 Cumulative dose contributions from direct radiation from the reactor
units and from 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, ACTION a.
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3/4.12  RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.1 MONITORING PROGRAM

CONTROLS

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

APPLICABILITY: At all times.

ACTION:

a. With the radiological environmental monitoring program not being
conducted as specified in Table 3.12.1-1, prepare and submit to the
Commission, in the Annual Radiclogical Environmental Operating Report
reguired by Control 5.9.1.7, a description of the reasons for not
conducting the program as required and the plans for preventing a
recurrence.

b. With the level of radicactivity as the result of plant effluents in
an environmental sampling medium at a specified location exceeding
the reporting levels of Table 3.12.1-2 when averaged over any
calendar quarter, prepare and submit to the Commission within 30
days, pursuant to Technical Specification 6.9.2, a Special Report
that identifies the cause(s) for exceeding the limit{s) and defines
the corrective actions to be taken to reduce radicactive 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.Z, and
3.11.2.3. When more than one of the radionuclides in Table 3.12.1-2

are detected in the sampling medium, this report shall be submitted
if:

concentration (1) + concentration (2] + ...> 1.0
reporting level (1) reporting level (2)

When radionuclides other than those in Table 3.12.1-2 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 from all
radionuclides 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 Radiclogical Environmental
Operating Report pursuant to Control 5.9.1.7.

c. With milk or fresh leafy vegetable samples unavailable from one or
more of the sample locaticns required by Table 3.12.1-1, identify
specific locations for obtaining replacement samples and add them to
the radiclogical environmental monitoring program within 30 days.
The specific locations from which samples were unavailable may then

¥Tre methodology used to estimate the potential annual dose to a MEMBER OF THE
PUBLIC shall be indicated in this report.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

CONTIOLS (Continued)

be deleted from the monitoring program. Pursuant to Control 5.9.1.8,
identify the cause of the unavailability of samples and identify the
new location(s) for obtaining replacement samples in the next
Semiannual Radicactive Effiuvent Release Report pursuant to Control
5.9.1.8 and also include in the report a revised figure(s) and table
for the ODCM reflecting the new location(s).

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

SURVEILLANCE REQUIREMENTS

4.12.1 The radiological environmental monitoring samples shall be collected

pursuant to Table 3.12.1-1 from the specific locations given in the table and
figure(s) in the ODCM, and shall be analyzed pursuant to the requirements of

Table 3.12.1-1 and the detection capabilities reguired by Table 4.12.1-1,
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TABLE 3.12.7-1 (Cont inued)

RADIOLOGICAL ENVIRONMENTAL WONITORING PROGRAM
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TABLE 3.12.1-1 (Contsnued

RADIOLOGICAL ENVIRONMENTAL MONTTORING PROGRAM

Number of
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Samples and
Sample Locations”
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Type and Freguency
of Analysis

Gamma isetopic® and
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TASLE 3.12.1-1 (Cont inued)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Number of
Representative
Samples and ”
Sample Locations

b,

Samples pf 3 different kinds
of broad 'eaf veagetatlion arown
nearest each of two ¢different
offsite locations of highest
predicted annual! averaae

leve! D/Q if milk sampling i=
not performed.

' sample of each of the similar
broad 'eaft vegetation grown
15-30 km istant in the least
prevalent wind direction §f
milk sampling is not performed,

Samp!ing and
Collection Frequency

Manthly when
availatile

Monthly when
available

0pCw-2.0
Hevision 4
Page 3.0-39

Type and Frequency
of Analysis

Gamma isotopic® and
1-13) analysis,

Gamma isotopic® and
1-131 analysis,
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TABLE 3.12.1-1 (Continued)

TABLE NOTATIONS

8specific parameters of distance and direction sector from the centerline of
one reactor, and additional description where pertinent, shall be provided for
each and every sample location in Table 3.12.1-1 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 197¢9. Deviations
are permitted from the required sampling schedule if specimens are unobtainable
Gue to hazardous conditions, seasonal unavailability, malfunction cf automatic
sampling equipment and other legitimate reasons. If specimens are unobtainable
due to sampling equipment malfunction, every 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 Contol 5.9.1.7. 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 specific alternative media and locations may be chosen for
the particular pathway in question and appropriate substitutions made within 30
days in the radiclogical environmental monitoring program. Pursuant to Control
5.9.1.8, identify the cause of the unavailability of samples for that pathway
and identify the new location(s) for obtaining replacement samples in the next
Semiannual Radioactive Effluent Release Report and also include in the report &
revised figure(s) and table for the ODCM reflecting the new location(s).

Lone or more instruments, such as a pressurized ion chamber, for measuring

and recording dose rate continuously may be used in place cf, or in addition
to, integrating dosimeters. For the purpose 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.

CThe purpose of this sample is to obtain background information. If it is
not practical to establish control locations in accordance with the distance

and wind direction criteria, other sites that have valid background data may be
substituted.

9 irborne particulate sample filters shall be analyzed for gross beta
radioactivity 24 hours or more after sampling to allow for radon and thoron
daughter decay. If gross beta activity in air particulate samples is greater
than 10 times the yearly mean of control samples, gamma isotopic analysis shall
be performed on the individual samples.

€Camma isotopic analysis means the identification and quantification of

gamma-emitting radionuclides that may be attributable to the effluents from the
facility.
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TABLE 3.12.1-1 (Continued)

TABLE NOTATION

T ne "upstream sample" shall be taken at a distance beyond significant
influence of the discharge. The "downstream" sample shall be taken in an area
beyond but near the mixing zone. "Upstream" samples in an estuary must be
taken far enough upstream to be beyond the plant influence.

8Composit.e samples should be collected with equipment (or equivalent) which
is capable of collecting an aliquot at time intervals that are very short
(e.g., hourly) relative to the compositing period (e.g., monthly).

NGroundwater samples shall be taken when this source is tapped for drinking
or irrigation purposes in areas where the hydraulic gradient or recharge
properties are suitable for contamination.

iThe dose shall be calculated for the maximum organ and age group, using the
m2thodology and parameters in the ODCM.

J1e harvest occurs more than once a year, sampling shall be performed during
each discrete harvest. If harvest occurs continuously, sampling shall be

monthly. Attention shall be paid to including samples of tuberous and root
food products.
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TABLE 4.12.1-1 (Continued)

TABLE NOTATIONS

8This 1ist 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 Control 5.9.1.7.

bnequired detection capabilities for thermoluminescent dosimeters used for
environmental measurements are given in Regulatory Guide 4.13.

CThe 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 Sp

E-*V~*2.22 Y " exp (-)at)
Where:

LLD is the "a priori" lower limit of detection as deiined 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 yleld, when applicable,

A 1s the radioactive decay constant for the particular radionuclide, and

4t for environmental samples is the elapsed time between sample
collection, or end of the sample collection period, and time of counting

Typical values of E, V, Y, and &t shculd be used in the calculation.
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TABLE 4.12.1-1 (Continued)

TABLE NOTATIONS

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. 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 oe identified and described in the Annual
Radiological Environmental Operating Report pursuant to Control 5.9.1.7.

d1p for drinking water samples.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.2 LAND USE CENSUS

CONTROLS

3.12.2 A land use census shall be conducted and shall identify within a
distance of & km (5 miles) the location in each of the 16 meteorological
sectors of the nearest milk Qninal, tBe nearest residence and the nearest
garden* of greater than 50 m“ (500 ft€) 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 Semiannual Radiocactive Effluent Release Report, pursuant to
Control 5.9.1.8.

b. With a land use census identifying a location(s) that yields a
calculated dose or dose commitment (via the same exposure pathway )
20% 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 radiclogical 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 Control 5.9.1.8, identify the new location(s) in the next
Semiannual Radicactive Effluent Release Report and alsc include in

the report a revised figure(s) and table for the ODCM reflecting the
new location(s).

c. The provisicns of Control 3.0.3 and 3.0.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.12.2 The land use census shall be conducted during the growing season at
least once per 12 months using that information that will provide the best
results, such as by a door-to-door survey, visual survey, aerial survey, or by
consulting local agriculture authorities. The results of the land use census

shall be included in the Annual Radiological Environmental Operating Report
pursuant to Contrcl 5.9.1.7.

¥Broad leafl 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. Controls
for broad leaf vegetation sampling in Table 3.12.1-1, Part 4.c, shall be
followed, including analysis of control samples.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

CONTROLS

3.12.3 Analyses shall be performed on radicactive materials supplied as part
of an Interlaboratory Comparison Program that has been approved by the
Commission.

APPLICABILITY: At all times.

ACTION:

&. With analyses not being performed as required above, report the
corrective actions taken to prevent a recurrence to the Commission in
the Annual Radiological Environmental Operating Report pursuant to
Control 5.9.1.7.

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 sieil be included in the Annual Radiological Environmental
Operating Report pursuant to Control 5.9.1.7.
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INSTRUMENTATION

BASES

3/4.3.7.11 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

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

3/4.3.7.12 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

The radiocactive gaseous effluent monitoring instrumentation is provided to
monitor and control, as applicable, the releases of radiocactive materials in
gaseous effluents during actual or potential releases of gaseous effluents.

The alarm/trip setpoints for these instruments shall be calculated and adjusted
in accordance with the methodology and parameters in the ODCM utilizing the
system design flow rates as specified in the ODCM. This conservative method is
used because the Fermi 2 design does not include flow rate measurement

devices. This will ensure the alarm/trip will occur prior to exceeding the
limits of 10 CFR Part 20. The OPERABILITY and use of this instrumentation is
consistent with the regquirements of General Design Criteria 60, 63, and 64 of
Appendix A to 10 CFR Part 50.

3/4.11.1 LIQUID EFFLUENTS

3/4.11.1.1 CONCENTRATION

This control is provided to ensure that the concentration of radicactive
materials released in liquid waste effluents to UNRESTRICTED AREAS will be less
than the concentration levels specified in 10 CFR Part 20, Appendix B, Table
11, Column 2. This limitation provides additional assurance that the levels of
radiocactive materials in bodies of water in UNRESTRICTED AREAS will result in
exposures within (1) the Section II.A design objectives of Appendix I, 10 CFR
Part 50, to a MEMBER OF THE PUBLIC and (2) the limits of 10 CFR Part 20.106{(e)
to the population. The concentration limit for dissolved or entrained noble
gases is based upon the assumption that Xe-135 is the controlling radioisotope
and its MPC in air (submersion) was converted to an eguivalent concentration in
water using the methods described in International Commission on Radiological
Protection (ICRP) Publication 2.

The required detection capabilities for radicactive materials in liquid
waste samples are tabulated in terms of the lower limits of detection (LLDs).
Detailed discussion of the LLD, and other detection limits can be found in FASL
Procedure Manual, HASL-300 (revised annually), Currie, L. A., "Limits for
Qualitative Detection and Quantitative Determination - Application to
Radiochemistry," Anal. Chem. 40, 5B6-93 (1968), and Hartwell, J. K., "Detection
Limits for Radiocanalytical Counting Techniques," Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.1.2 DOSE

This control is provided to implement the requirements of Sections I1I1.A,
IT1.A, and IV.A of Appendix 1, 10 CFR Part 50. The control implements the
guides set forth in Section II.A of Appendix 1. The ACTION statements provide
the required operating flexibility and at the same time implement the guides
set forth in Section IV.A of Appendix I to assure that the releases of
radicactive material in liguid effluents to UNRESTRICTED AREAS will be kept “as
low &s is reasonably achievable." Also, for fresh water sites with drinking
reasconable assurance that the operation of the facility will not result in
radionuclide concentrations in the finished drinking water that are in excess
of the requirements of 40 CFR Part 141. The dose calculation methodology and
parameters in the ODCM implement the requirements in Section 111.A of Appendix
I that conformance with the guides i Appendix I be shown by calculational
procedures based on models anc data, such that the actual exposure of a MEMBER
OF THE PUBLIC through appropriate pathways is unlikely to be substantially
underestimated. The equations specified in the ODCM for calculating the doses
due to the actual release rates of radiocactive materials in liguid effluents
are consistent with the methudclogy provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,"
Revision 1, October 1977 and Regulatory Guide 1.113, "Estimating Aguatic
Dispersion of Effluents from Accidental and Routine Reactor Releases for the
Furpose of Implementing Appendix 1," April 1977.

3/4.11.1.3 LIQUID RADWASTE TREATMENT SYSTEM

The OPERABILITY of the liguid radwaste treatment system ensures that this
system will be available for use whenever liquid effluents reguire treatment
prior to their release to the environment. The reguirement that the
appropriate portions of this system be used, when specified, provides assurance
that the releases of radicactive materials in liguid effluents will be kept “as
low as is reasonably achievable". This specification implements the
requirements of Ceneral Design Criterion 60 of Appendix A to 10 CFR Part 50 and
the design objective given in Section I1.D of Appendix I to 10 CFR Part 50.

The specified limits governing the use of appropriate portions of the liquid
radwaste treatment system were specified as a suitable fraction of the dose

design objectives set forth in Section II.A of Appendix I, 10 CFR Part 50, for
liquid effluents.

3/4.11.2 GASEQUS EFFLUENTS

3/4.11.2.1 DOSE RATE

This control is provided to ensure that the dose at any time at and beyond
the SITE BOUNDARY from gaseous effluents from all units on the site will be
within the annual dose limits of 10 CFR Part 20 to UNRESTRICTED AREAS. The
annual dose limits are the doses associated with the concentrations of 10 CFR
Part 20, Appendix B, Table 11, Column 1. These limits provide reasonable



Nuclear Production - Fermi 2 ODCM-4.0
Offsite Dose Calculation Manual Revision 4
Page H4.0-4

RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.1 DOSE RATE (Continued)

assurance that radicactive material discharged in gaseous effluents will not
result in the exposure of a MEMBER OF THE PUBLIC in an UNRESTRICTED AREA ,
either within or outsides the SITE BOUNDARY, to annual average concentrations
exceeding the limits specified in Appendix B, Table Il of 10 CFR Part 20 (10
CFR Part 20.106(b)). For MEMBERS OF THE PUBLIC who may at times be within the
SITE BOUNDARY, the occupancy of that MEMBER OF THE PUBLIC will usually be
sufficiently low to compensate for any increase in the atmospheric diffusion
factor above that for the SITE BOUNDARY. Examples of calculations for such
MEMBERS OF THE PUBLIC, with the appropriate occupancy factors, shall be given
in the ODCM. The specified release rate limits restrict, at all times, the
corresponding gamma and beta dose rates above background to a MEMBER OF THE
PUBLIC at or beyond the SITE BOUNDARY to less than or egqual to 500 mrems/year
to the total body or to less than or equal to 3000 mrems/year to the skin.
These release rate limits also restrict, at all times, the corresponding
thyroid dose rate limits above background to a child via the inhalation pathway
to less than or equal to 1500 mrems/year.

The required detection capabilities for radiocactive materials in gaseous
waste samples are tabulated in terms of the lower limits of detection (LLDs).
Detailed discussion of the LLD, and other detection limits can be found in HASL
Procedures Manual, HASL-300 (revised annually), Currie, L. A., "Limits for
Qualitative Detection and Quantitative Determination - Application to
Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J. K., "Detection
Limits for Radioanalytical Counting Techniques," Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).

3/4.11.2.2 DOSE - NOBLE GASES

This control is provided to implement the reguirements of Sections I11.B,
111.A, and 1V.A of Appendix I, 10 CFR Part 50. The control implements the
guides set forth in Section I1.B of Appendix 1. The ACTION statements provide
the required operating flexibility and at the same time implement the guides
set forth in Section IV.A of Appendix I to assure that the releases of
radicactive material in gaseous effluents to UNRESTRICTED AREAS will be kept
"as low as is reasonably achievable." The Surveillance Reguirements implement
the requirements in Section 111.A of Appendix I that conformance with the
guides of Appendix 1 be shown by calculational procedures based on models and
data such that the actual exposure of a MEMBER OF THE PUBLIC through
appropriate pathways is unlikely to be substantially underestimated. The dose
calculation methodology and parameters established in the ODCM for calculating
the doses due to the actual release rates of radiocactive noble gases in gaseous
effluents are consistent with the methodology provided in Regulatory Guide
1.109, "Calculation of Annual Doses to Man from Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix 1," Revision 1, October 1977 and Regulatory Guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Casecus Effluents in Routine
Releases from Light-Water Cooled Reactors," Revision 1, July 1977. The ODCM
equations provided for determining the air doses at and beyond the SITE
BOUNDARY are based upon the historical average atmospheric conditions.
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.3 DUSE - IODINE-131, IODINE-133, TRITIUM, AND RADIONUCLIDES IN
PARTICULATE FORM

This control is provided tc implement the requirements of Sections 11.C, III.A,
and IV.A of Appendix I, 10 CFR Part 50. The controls are the guides set forth
in Section 11.C of Appendix 1. The ACTION statements provide the required
operating flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix I to assure that the releases of radicactive materials
in gaseous effluents to UNRESTRICTED AREAS will be kept "as low as is
reasonably achievable." The ODCM calculational methods specified in the
Surveillance Requirements implement the requirements in Section I11I.A of
Appendix 1 that conformance with the guides of Appendix 1 be shown by
calculational procedures based on models and data, such that the actual
exposure of a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to
be substantially underestimated. The ODCM calculational methodology and
parameters for calculating the doses due to the actual release rates of the
subject materials are consistent with the methodology provided in Regulatory
Guide 1.109, "Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Revision 1, October 1977 and Regulatory guide 1.111, "Methods for
Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in Routine
Releases from Light-Water-Cooled Reactors," Revision 1, July 1977. These
equations also provide for determining the actual doses based upon the
historical average atmospheric conditions. The release rate controls for
iodine-131, iodine-133, tritium, and radionuclides in particulate form with
half lives greater than B days are dependent upon the existing radionuclide
pathways to man, in the areas at and beyond the SITE BOUNDARY. The pathways
that were examined in the development of these calculations were: (1)
individual inhalation of airborne radionuclides, (2) deposition of
radionuclides onto green leafy vegetation with subseguent consumption by man,
(3) deposition onto grassy areas where milk animals and meat producing animals
graze with consumption of the milk and meat by man, and (4) deposition on the
ground with subsequent exposure of man.

3/4.11.2.4 OFF-GAS TREATMENT SYSTEM

The OPERABILITY of the OFF-GAS TREATMENT SYSTEM ensures that the system
will be available for use whenever gaseous effluents reguire treatment prior to
release to the environment. The reguirement that the appropriate portions of
these systems be used, when specified, pruvides reasonable assurance that the
releases of radicactive materials in gaseous effluents will be kept “as low as
is reasonably achievable." This control implements the requirements of GCeneral
Design Criteria 60 of Appendix & to 10 CFR Part 50, and the design objectives
given in Section 11.D of Appendix I to 10 CFR Part 50. The specified limits
governing the use of appropriate portions of the systems were specified as a
suitable fraction of the dose design objectives set forth in Sections 11.B and
11.C of Appendix I, 10 CFR Part 50, for gaseous effluents.
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RADIOACTIVE EFFLUENTS

BASES

3/4.11.2.5 VENTILATION EXHAUST TREATMENT SYSTEM

The requirement that the appropriate portions of this system be used, when
specified, provides reasonable assurance that the releases of radicactive
materials in gaseous effluents will be kept “as low as is reasonably
achievable." The specified limits governing the use of appropriate portions of
the systems were specified as a suitable fraction of the dose design objectives
set forth in Sections I11.B and 1I1.C of Appendix I, 10 CFR Part 50, for gaseous
effluents.

3/4.11.2.8 VENTINC OR PURGINC

This control provides reasonable assurance that releases from drywell
purging operations will not exceed the annual dose limits of 10 CFR Part 20 for
UNRESTRICTED AREAS.

3/4.11.4 TOTAL DOSE

This control is provided to meet the dose limitations of 40 CFR Part 190
that have been incorporated into 10 CFR Part 20 by 46 FR 18525. The control
requires the preparation and submittal of a Special Report whenever the
calculated doses from plant generated radiocactive effluents and direct
radiation exceed 25 mrem to the total body or any organ, except the thyroid,
which shall be limited to less than or equal to 75 mrems. For sites containing
up to 4 reactors, it is highly unlikely that the resultant dose to a MEMBER OF
THE PUBLIC will exceed the dose limits of 40 CFR Part 190 if the individual
reactors remain within twice the dose design objectives of Appendix I, and if
direct radiation doses from the reactor units and outside storage tanks are
kept small. The Special Report will describe a course of action that should
result in the limitation of the annual dose to a MEMBER OF THE PUBLIC to within
the 40 CFR Part 190 limits. For the purpose of the Special Report, it may be
assumed that the dose commitment to the MEMBER OF THE PUBLIC from other than
uranium fuel cycle sources is negligible, with the exception that dose
contributions from other nuclear fuel cycle facilities at the same site or
within a radius of 8 km must be considered. If the dose to any MEMBER OF THE
PUBLIC is estimated to exceed the requirements of 40 CFR Part 190, the Special
Report with a request for a variance (provided the release conditions resulting
in violation of 40 CFR Part 190 have not already been corrected), in accordance
with the provisions of 40 CFR Part 190.11 and 10 CFR Part 20.405¢c, is
considered to be a timely request and fulfills the requirements of 40 CFR Part
190 until NRC staff action i{s completed. The variance only relates to the
limits of 40 CFR Part 190, and does not apply in any way to the other
requirements for dose limitation of 10 CFR Part 20, as addressed in Controls
3.11.1.1 and 3.11.2.1. An individual is not considered a MEMBER OF THE PUBLIC
during any period in which he/she is engaged in carrying out any operation that
is part of the nuclear fuel cycle.
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RADIOLOGICAL ENVIRONMENTAL MONITORING

BASES

3/4.12.1 MONITORING PROGRAM

The radiological environmental monitoring program required by this control
provides representative measurements of radiation and of radicactive materials
in those exposure pathways and for those radionuclides that lead to the nighest
potential radiation exposures of MEMBERS OF THE PUBLIC resulting from the
station operation. This monitoring program implements Section IV.B.2 of
Appendix I to 10 CFR Part 50 and thereby supplements the radiological effluent
monitoring program by verifying that the measureable concentrations of
radiocactive materials and levels of radiation are not higher than expected on
the basis of the effluent measurements and the modeling of the environmental
exposure pathways. Guidance for this monitoring program is provided by the
Radiclogical Assessment Branch Technical Position on Environmental Monitoring.
The initially specified monitoring program will be effective for at least the
first 3 years of commercial operation. Following this period, program changes
may be initiated based on operational experience.

The required detection capabilities for environmental sample analyses are
tabulated in terms of the lower limits of detection (LLDs). The LLDs required
by Table 4.12.1-1 are considered optimum for routine environmental measurements
in industrial laboratories. It should be recognized that the LLD is defined as
an a pricri (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.

Detailed discussion of the LLD, and other detection limits, can be found
in HASL Procedure Manual, HASL-300 (revised annually), Currie, L. A., "Limits
for Qualitative Detection and Quantitative Determination - Application to
Radiochemistry," Anal. Chem. 40, 586-93 (1968), and Hartwell, J. K., "Detection
Limits for Radiocanalytical Counting Techniques," Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).

3/4.12.2 LAND USE CENSUS

This control is provided to ensure that changes in the use of areas at and
beyond the SITE BOUNDARY are identified and that modifications to the
radiological environmental monitoring program are made if required by the
results of this census. The best information from the door-to-door survey,
from aerial survey, from visual survey or from consulting with local
agricultural authorities shall be used. This census satisfies the requirements
of Section IV.B.3 of Appendis I to 10 CFR Part 50. Restricting the census to
gardens of greater than 50 m“ provides assurance that significant exposure
pathways via leafy vegetables will be identified and monitored since a garden
of this size is the minimum reguired to produce the quantity (26 kg/year) of
leafy vegetables assumed in Regulatory Guide 1.109 for consumption by a child.
To determine this minimum garden size, the following assumptions were made:

(1) 20% of the garden was used for growing broad leaf vegetatéon (i.e., similar
to lettuce and cabbage), and (2) a vegetation yield of 2 kg/m“.
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RADIOLOCICAL ENVIRONMENTAL MONITORING

BASES

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

The requirement for participation in an approved Interlaboratory
Comparison Program is provided to ensure that independent checks on the
precision and accuracy of the measurements of radiocactive material in
environmental sample matrices are performed as part of the quality assurance
program for environmental monitoring in order to demonstrate that the results
are valid for the purposes of Section IV.B.2 of Appendix 1 to 10 CFR Part 50.

END OF SECTION 4.0
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ADMINISTRATIVE CONTROLS

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

5.9.1.7 Routine Annual Radiological Environmental Operating Reports covering
the operation of the unit during the previous calendar jear shall be submitted
prior to May 1 of each year. The initial report shall be submitted prior to
May 1 of the year following initial criticality.

The Annual Radiological Environmental Operating Reports shall include
summaries, interpretations, and an analysis of trends of the results of the
radiological environmental surveillance activities for the report period,
including a comparison as appropriate, with preoperational studies, with
operational controls, and with previous environmental surveillance reports, and
an assessment of the observed impacts of the plant operation on the
environment. The reports shall also include the resulls of land use censuses
required by Control 3.12.2. The Annual Radiclogical Environmental Operating
Reports shall include the results of analysis of all radiological environmental
samples and of all environmental radiation measurements taken during the period
pursuant to the locations specified in the Table and Figures in the UDCM, as
well as summarized and tabulated results of these analyses and measurments in
the format of the table in the Radiological Assessment Branch Technical
Position, Revision 1, November 1979. In the event that some individual results
are not available for inclusion with the report, the report shall be submitted
noting and explaining the reasons for the missing results. If possible, the
missing data shall be submitted as soon as possible in a supplementary report.

The reports shall alsc include the following: a summary description of the
radiological environmental monitoring program; at least two legible maps®
covering all sampling locations keyed to a table giving distances and
directions from the centerline of one reactor; the results of licensee
participation in the Interlaboratory Comparison Program, reguired by Control
3.12.3; discussion of all deviations from the sampling schedule of Table

3.12.1-1; and discussion of all analyses in which the LLD reguired by Table
4.12.1-1 was not achievable. &

SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT##

5.9.1.8 Routine Semiannual Radicactive Effluent Release Reports covering the
operation of the unit during the previous 6 months of operation shall be
submitted within 60 days after January 1 and July 1 of each year. The period
of the first report shall begin with the date of initial criticality.

¥0ne map shall cover stations near the SITE BOUNDARY; a second shall include
the more distant stations.

##%. single submittal may be made for a mutiple unit station. The submittal
should combine those sections that are common to all units at the station;
however, for units with separate radwaste systems, the submittal shall specify
the releases of radiocactive material from each unit.
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ADMINISTRATIVE CONTROLS

SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

¢. 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. Type of container (e.g., LSA, Type A, Type B, Large Quantity), and
f. Solidification agent or absorbent (e.g., cement, urea formaldehyde).

The Semiannual Radiocactive Effluent Release Reports shall include a list and
description of unplanned releases from the site to UNRESTRICTED AREAS of
radiocactive materials in gaseous and liquid effluents made during the reporting
period.

The Semiannual Radicactive Effluent Release Reports shall include any changes
made during the reporting period to the OFFSITE DOSE CALCULATION MANUAL (ODCM )
as described in Technical Specification 6.14.2.c, as well as a listing of new
locations for dose calculations and/or environmental monitoring identified by
the land use census pursuant to Control 3.12.2.

The Semiannual Radicactive Effluent Release Repcrts shall also include the
following: an explanation as to why the inoperability of liquid or gaseous
effluent monitoring instrumentation was not corrected within the time specified
in Control 3.3.7.11 or 3.3.7.12, r=svectively; and description of the events

leading to liquid holdup tanks exceecing the limits of Technical Specification
3. 0%1.8.

5.15 MAJOR CHANGES TO RADIOACTIVE LIQUID, GASEOUS, AND SOLID WASTE TREATMENT
SYSTEMS#*

5.15.1 Licensee-initiated major changes to the radicactive waste systems
(1iquid, gaseous, and solid):

a. Shall be reported to the Commission ir the Semiannual Radicactive
Effluent Release Report for the perioc in which the evaluation was
reviewed by the OSRO. The discussion of each change shall contain:

[ A summary of the evaluation that led toc the determination that
the change could be made in accordance with 10 CFR 50.59.

- 5 Sufficiert detailed information to totally support the reason
for the change without benefit of additional or supplemental
information;

¥ icensees may choose to submit the information called for in this Centrol as
part of the annual FSAR update.
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3.

A cetailed description of the equipment, components, and
processes involved and the interfaces with other plant
systenms;

An evaluation of the change, which shows the predicted
releases of radiocactive materials in liquid and gaseous
effluents and/or quantity of solid waste that differ from
those previously predicted in the license application and
amendments thereto;

An evaluation of the change, which shows the expected maximum
exposures to a MEMBER OF THE PUBLIC in the UNRESTRICTED AREA
and to the general population that differ from those

previously estimated in the license application and amendments
thereto;

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

An estimate of the exposure to plant cperating persornel as a
result of the change; and

Documentation of the fact that the change was reviewed and
found acceptable by the OSRO.

b. Shall become effective upon review and accestance by the OSRO.

END OF SECTION 5.0
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LIQUID EFFLUENTS

60 LIQUID EFFLUENTS

This section summarizes information on the liquid effiuent radiation monitoring
instrumentation and controls. More detailed information is provided in the Fermi 2 UFSAR
and Fermi 2 design drawings from which this summary was derived. This section aiso
describes the sampling and analysis required by the Offsite Dose Calculation Manual.
Methods for calculating alarm setpoints for the liguid effluent monitors are presented. Also,
methods for evaluating doses from liquid effluents are provided

61 Radiation Monitoring Instrumentation and Contrels

This section summarizes the instrumentation and controls monitoring liquid effluents.
This discussion focuses on the role of this equipment in assuring compliance with
the Oftsite Dose Calculation Manual

611 Offsite Dose Caiculation Manual (ODCM) 3.37.11 Requirement

Fermi 2 ODCM 3.3.7.11 prescribes the monitoring required during liquid
releases and the backup sampiing required when monitors are inoperable

The liquid effluent monitoring instrumentation for controlling and monitoring
radioactive effluents in accordance with the Fermi 2 ODCM 33711 is
summarized below

1 Radiation Alarm - Automatic Release Termination

a Liquid Radwaste Effluent Line - The D11-NOC7 Radiation Monitor
on the liquid radwaste effluent line provides the alarm and
automatic terrunation of liquid radioactive material releases prior
to exceeding 1 Maximum Permissible Concentration (MPC)

(10 CFR 20, Appendix B, Table Il Column 2) required by

ODCM 33.711. The monnor is located upstream of the Isolation
Valve (G11-F733) on the liquid radwaste discharge line and
monitors the concentration of liguid etfluent before dilution by the
circulating water reservoir (CWR) decant fiow

2 Radiation Alarm (only)

a Circulating Water Reservoir (CWR) Decant Line - The CWR Decant
Line Radiation Monitor (D11-N402) provides indication of the
concentration of radioactive material in the diluted radioactive
liquid reieases just before discharge to Lake Erie. As reguired by
ODCM 33711, the alarm setpoint is established to alarm {only)
prior 10 exceeding one MPC.

ARMS - INFORMATION SERVICES
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= Flow Rate Measuring Devices

@ Liguid Radwaste Effluent Line - In accordance with ODCM 33.7.11,
the release rate of liquid radwaste discharges i1s monitored by
G11-R703. This flow rate instrumentation is located on the
radwaste discharge line prior to the junction with the CWR decant
line

b Circulating Water Reservoir Decant Line - in accordance with
ODCM 337.11, the flow rate of the CWR decant line is monitored
by N71-R802. The flow rate instrumentation is locaied on the
decant line downstream of the junction with the liquid radwaste
effluent line. This instrumentation measures the total discharge
flow rate from Fermi 2 to Lake Erie.

6.12 Non-ODCM Required Monitor

An additional monitor not required by Fermi 2 ODCM is provided by
Detroit Edison to reduce the likelihood of an unmonitored release of
radioactive hquids

1 General Service Water - The General Service Water (GSW) Radiation
Monitor (D11-NOOB) provides additional control of potential radioactive
effluents. D11-NOO8 monitors the GSW System prior to discharge into
the Main Condenser circulating water discharge line to the Circulating
Water Reservoir. Although not an ODCM reguired monitor, D11-NOOB
monitors & primary liguid stream in the plant that also discharges to
the environment (Lake Erie via the Circulating Water Reservoir),
Indication of radicactive material contamination in the GSW System
would also indicate priontial CWR contamination and the need 1o
control all dische:ges fron, the CWR as radiocactive effluents.

Sampling and Analysis of Liquio Effiuents

The program for sampling and analysis of liquid waste is prescribed in the Fermi 2
Oftsite Dose Calculation Manual Tabie 41111 1-1 This table distinguishes two types
of hguid releases

BATCH releases, defined as discrete volumes, normally processed thraugh the
radwaste system to the waste sample tanks

CONTINUOUS releases. from the Circulating Water Reservoir (CWR) System, if it
becomes contaminated

Continuous releases from the CWR System are via the CWR decant line to Lake Erie.
The CWR System 1s not expected to become contaminated. Therefore, continuous
redioactive material releases are not expected However, the General Service Water
{GSW) and the CWR systems interface with radioactive systems in the plant Also,
the GSW intake is within a few hundred feet of the CWR decant line discharge to
Lake Erie. For these reasons. it is prudent to consider the GSW and the CWR a
potential source of radicactive effiuents and 10 sample them regularily
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BATCH Releases

Fermi 2 ODCM Table 411.1.1.1-1 requires that a sample representative of
the tank contents be obtained before it is released The table specifies the
following program:

- Prior 1o sampling, the tank is isolated The tank level is determined
and this velue is converted to tank volume A pump with 8 known
recirculation flow rate is then activated to recirculate tank contents.
The pump is allowed tc run for at least the time required to
recirculate the tank volume twice.

- Prior 10 each batch release, analysis for principal gamma emitters
{including all peaks identified by gamma spectroscopy)

» Once per month, analysis of one batch sample for dissolved and
entrained gases (gamma emitters). {(See note in Section €.2.2 below )

- Once per month, analysis of a8 composite sample of all releases that
month for tritium (H-3) and gross sipha activity (The composite
sample 1s required to be representative of the hiquids released and
sample quantities of the composite are 10 be proportional to the
quantities of higuid discharged)

e Once per quarnter. analysis of 8 composite sample of all releases that
quarter for Strontium (Sr)-89, Sr-80. and iron (Fe)-55

CONTINUOUS Releases

Fermi 2 ODCM Table 4.11.1.1.1-1 requires that composite samples be
collected from the CWR System, if contaminated The table specifies the
foliowing sample analysis

- Once per month. analysis of a composite sample for principal gamma
emitters and for 1-131

e Once per month, analysis of a composite sample for H-3 and gross
alpha

” Once per month, analysis of weekly grab samples (composited) for
dissolved and entrained gases (gamma emitters) (See note below)

- Once per quarter, analysis for Sr-89, -80 and Fe-55

Identificetion of nobie gases that are principal gemma emitting
ragionuchdes are inciuded in the gamma spectral analysis performed on all
hguid radwaste effiuents. Therefore, the ODCM Table 4.11.1.1.1-1 sampling
and anglysis for nobie gases in batch releases (one batch per month) and
continuous releases (monthly analysis of weekly grab samples) need not be
performed &s a separate progream. The gamma spectral analysis on each
batch release and on the CWR monthly composite meets the intent of this
ODCM reguirement
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Liquid Effluent Monitor Setpoints

Offsite Dose Calculation Manual 3 11.11 requires that the concentration of liquid
radioactive effiuents not exceed the unrestricted area MPC at the discharge point to
Lake Erie. Dissolved or entrained noble gases in liguid effiuents are himited 10 &
concentration of 2 E-04 uCi/ml, total noble gas activity. ODCM 337 11 requires that
radiation monitor setpoints be established to alarm and trip prior to exceeding the
hmits of ODCM 3.11.11

To meet this specification, the alarm/trip setpoints for liquio effluent monitors are
determined in accordance with the following equation:

CL (DF + RR)
we AR

(6-1)

where

SP - the setpoint, in uCi/mi, of the monitor measuring the radioactivity
concentration in the effluent line prior to diiution The setpoint
represents a value which, if exceeded, would result in concentrations
exceeding the MPC in the unrestricted area

CL = the effluent concentration limit (ODCM 3.11.1.1) implementing 10 CFR
Part 20106 (1.e, MPC at discharge point) in uCi/ml, defined in
Equation (6-4)

RR = the liquid effluent reiease rate as measured at the radiation monitor
location, in volume per unit time, but in the same units as DF, below

DF = the dilution water fiow as measured prior 1o the release point (Lake

Erie) in volume per unit time

At Fermi 2 the available Dilution Water Flow (DF) is constant for a given release, and
the waste tank Release Rate (RR) and monitor Setpoint (SP) are set 10 meet the
condition of Equation (6-1) for a8 given effluent Concentration Limit, CL.

NOTE: i no dilution s provided, SP < CL Also, when DF is large compared 10 RR,
then (DF + RR)~DF.

631 Liquid Radwaste Effluent Line Monitor (D11-N007)

Liquid Radwaste Effluent Line Monitor D11-NQ07 provides alarm and
automatic termination of releases prior 10 exceeding MPC. As required by
ODCM Table 411.1.11-1 and &s discussed in ODCM Section 6 2.1, &8 sample
of the hguid radwaste to be discharged is coliected and analyzed by gamma
spectroscopy to identify principal gammaea emitting radionuchdes. From the
measured individual radionuclide concentrations, the allowable release rate
is determined

The ailowabie release rate is inversely proportional to the ratio of the
radionuclide concentrations to the MPC values The ratio of the measured
concentration to MPC values is referred 1o as the “MPC fraction” and s
calculated by the equation
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MPCF = Z .2
WEC;
(6-2)

where

MPCF = fraction of the unrestricted area MPC for a mixture of gamma
emitting radionuclides

C; = concentration of each gamma emitting radionuchide 1 measured
in each tank prior to release (uCi/mil)

MPC, = unrestricted area most restrictive MPC for each radionuclide i
from 10 CFR Part 20, Appendix B. Table Il, Column 2. For
dissolved and entrained noble gases an MPC value of
2E-04 uCi/ml shall be used

Besed on the MPCF, the maximum aliowable release rate can be calculated
by the following equation:

DF
(MPCF x (1+BF)) + H3IMPCF

MAX RR < SF

(6-3)
where

MAX RR maximum acceplable waste tank discharge rate (gal/min)

(Menitor #G11-R703)

DF = dilution flow rate from the CWR as observed from the
Control Room readout (gal/min) (Monitor #N71-R802)

SF = administrative safety factor 10 account for variations in monitor
response and flow rates. A SF value of 05 is suggested
because it provides for 100% varstion caused by statistical
fluctuation and/or errors in measurements

BF = conservative estimate of the retio of the MPC fraction of pure
beta emitters other than tritium to the gamma MPC fraction
(MPCF) (The value 0 15 may be used for BF )

MPCF

As previously defined by equation (6-2)

H3MPCF

conservative estimate of MPC fraction due 10 tritium (The value
6E-1 may be used for H3MPCF )

Equation (6-3) is valid only far MPCF >1: if the MPCF <1, the waste tank
concentration meets the limits of 10 CFR Part 20 without dilution, and the
waste sample tank may be discharged at the maximum rate.
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It MAX RR as calculated above 1s greater than the maximum discharge
pump capacity, the pump capacity should be used in establishing the actual
Release Rate RK for the radwaste discharge For the Waste Sample Tank,
the maximum discharge rate 1s 50 galions per minute The actual Release
Rate RR is monitored in the Radwaste Control Room by G11-R703

The Concentration Limit (CL) of a liguid radwaste discharge is the same as
the eftective MPC for the radionuchde mixture of the discharge Simply, the
CL (or effective MPC) represents the equivalent MPC value for a8 mixture of
radionuclides evaluated collectively The equation for determining CL is:

CL = C
MACF

(6-4)

Based on the Release Rate RR and Dilution Flow DF and by substituting
Equation (6-4) for CL in Equation (6-1) and introducing sensitivity factors
and factors 10 account for the presence of pure beta emitters the alarm
setpoint is calculated by the eguation:

(C. * SEN) * DF * H3F

< +
SP< —WOFCF.11eBh - hr ' B
(6-5)

where:
se = setpoint of the radiation monitor counts per second (cps)
C; = concentration of radionuclide | as measured by gamma

spectroscopy (uCivmij
SEN; = monitor sensitivity for radionuclide | based on calibration

curve (cps/{uCi/ml)) or single conservative value for all

radionuclides (see below)
RR = acCtual release rate of the hiquid radwaste discharge (gal/min)
BF = pure beta factor as defined for Equation (6-3)

MPCF = MPC fraction as determined by Equation (6-2)

H3F = correction factor to account for estimated tritium cencentration
at the discharge point (The value 099 may be used)

Bkg = background reading of monitor {cps)

DF = diution flow rate of Circulating Water Decant Line as observed
from Control Room readout (gal/min) monitor #N71-R802

A monitor sensitivity vatue of 10 E6 cps/{uCi/mi) may be used in lieu cf
sensitivity values for individual radionuchides This value 1s the sensitivity of
Cr-51 determined from the primary calibration sensitivity curve It is a
conservative value for the nuchde mixes which have been seen in actual
hguid aischarges from Fermi 2
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i1 no radionuchdes are measured by gamma spectroscopy the alarm
selpoint can be established at one half the setpoint of the previous
discharge

Prior 10 conducting any batch hquid radwaste release. Equation (6-3) is used
10 geterming the allowable release rate in accordance with ODCM 3.11.1.1.
tquation (6-5) 1s used 10 determine the D11-NOD? alarm setpoint in
accordance with ODCM 337 11

Circulating Water Reservoir Decant Line Radiation Monitor (D11-N402)

ODCM 33711 requires that the setpoint for the CWR Decant Line Radiation
Monitor D11-N402 be estabilished 10 ensure the radioactive material
con~entration in the decant line prior to discharge to Lake Erie does not
exceed MPC unrestricted area (10 CFR 20. Appendix B. Table I, Column 2).
The approach for getermining the alarm setpoint tor the CWR Decant Line
Radiauon Monitor 15 the same as presented n Section 63 1 for the Liquid
Radwaste Eftiuent Line Monitor. However the CWR Decant Line Radiation
Monitor setpoint need not be changed prnior 10 each release Equation (6-1)
remains vahd except that for the CWR Decant Line Monitor, the dilution
flow previously assumed for diluting the BATCH ligquid radwaste effluents is
now the release rate There is no additional dilution prior 1o discharge to
Lake Ene  Thus Equation (6-1) simplfies to

SP < CL
(6-6)
Substinuting Equation (6-4) for CL and introducing a safety factor, sensitivity
tactors and monior background the D11-N402 alarm setpoint can be
Calculated by the equanion

(C. * SEN) * SF

SP < + MBCF + Bhg
(6-7)
where
sp = setpoint 1n counts per minute (cpm!
C; = concentration of each radionuclide | in the CWR decant line
effiuent uCi/ml)
SEN, = monitor sensitivity for nuclide 1| based on calibration curve
(cpm/(uCi/mil))
MPCF = MPC fraction as determined by Equation (6-2)
SF = 05 administrative safety factor
By = background reading of momitor (cpm)

Normally only durning periods of batch hguid redwaste discharges will there
exist any plant-related radicactive material in the CWR decant line
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Generic, Conservative Alarm Setpoint for D11-N402

The D11-N402 setpoint could be adjusted for each BATCH release as is
done for the liguid radwaste effluent line monitor. Based on the measured
levels of radioactive material in a8 BATCH liquid release, the alarm setpoint
for D11-N402 could be calculated using Equation (6-7). However, during
these planned releases, the concentrations will almost always be so low
(due to diluuon) that the D11-N402 Monitor will not indicate measurable
levels. The CWR decant line design flow is 10,000 gpm: and the maximum
liquid radwaste release rate is 50 gpm, providing @ 200:1 dilution. The
radioactive mategal concgmration of BATCH liquid releases is typically in
the range of 10 * to 10 ™ uCi/ml. With a nominal 200:1 dilution

(actual dilution has been yreater since in actual releases the decant line
flow rate has been about 18,000 gpm), the cwq &ecam hine omtor would
monitor diluted activity in the range of 5 x 10 to 5 x 10 uCi/ml.
D11-N402 Monitor response at these levels would be 0.1 to 100 cpm,
depending on the particular radionuclide mixture and corresponding
instrument response These response levels are Iess than the monitor
background levels

In heu of routinely adjusting the D11-N402 setpoints, generic, conservative
setpoints have been established based on an analysis of nuclides seen in
actual liquid discharges and on the primary calibration sensitivity curve.

Alarm Setpoint for GSW and RHR System Radiation Monitors

Levels of radioactive material detectable above background at Radiation
Monitor D11-NOOE would be one of the first indicators of contamination of
the General Service Water (GSW) System and the CWR. Likewise, for the
Residual Heat Removal (RHR) System. the D11-N401 A and B Monitors
would be one of the first indicators of contamination and subsequent
contamination of the CWR.  Therefore. to provide early indication and assure
prompt attention, the alarm setpoints for these monitors should be
established as close 10 background as possible without incurring 8 spurious
alarm due to background fluctuations This level is typically around three
times background

If the GSW System or RHR System becomes contamingted, it may become
necessary 1o raise the radiation monitor setpoints  The alarm setpoints
should be re-evaluated to provide the CR operator a timely indication of
further increasing activity levels in the GSW or RHR System without
spurious alarms. The method for this re-evaluation is the same as
described above - the alarm setpoint established at three times its current
reading. No regulatory limits apply for establishing @8 maximum value for
these alarm setpoints since these monitors are located on plant systems
and do not monitor final release points to the environment. However, 8s &
practical matter, upper limits on the alarm setpoints can be evaluated using
the methods of ODCM Section 6 3.1 based on the actual system flows,
dilution and release paths in effect a1 the time
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Alarm Response - Evaluating Actual Release Conditions

Normally, liquid release rates are controlled and alarm selpoints are
established 10 ensure that the release does not exceed the concentration

limits of ODCM 3.11.1.1 (ie, 10 CFR 20 MPCs at the discharge to Lake Erie).

However, if either Monitor D11-N007 or D11-N402 slarms during a liquid
release, it becomes necessary to re-evaluate the release conditions 1o
determine compliance with ODCM 31111 Following an alarm, the actual
release conditions should be determined. Radioactive material
concentrations should be evaluated by sampling the effluent stream or
resampling the . aste tank. Discharge flow and dilution water flow should
be redetermined

The following equation may be used for the evaluation:

C. 3 RR <
Z(Wc.-) DF +RR| ~ !

C; = measured concentration of redionuclide i in the effiuent
stream (uCi/ml)

(6-8)

where

MPC; = the MPC value for radionuclide i from 10 CFR 20. Appendix B,
Table I, Column 2 (uCi/ml), 2 E-04 uCi/mi for dissolved or
entrained noble gases

RR = @actual release rate of the liquid effiuent at the time of the
alarm, gpm

DF = actual dilution circulating water flow at the time of the release
alarm, gpm

For alarm on D11-N402 (CWR decant line) the Release Rate RR is the
Dilution Water Flow DF and the equation simplifies 10 (Ci/MPC’) <1

Liquid Radwaste Monitor Setpoint Determination with Contaminated
Circulating Water Reservoir

In the event the CWR is deterr.ined 10 contain radioactive material. the
effective dilution capacity of the CWR is reduced as a function of the
MPCF. To determine the available dilution flow capacity the MPCF for the
CWR is determined using equation (6-2). The MPCF of the CWR is used to
determine the available dilution fiow as follows:

CWR Dilution Flow = CWR Decant Flow Rate {GPM) * (1-CWR MPCF)

(6-9)
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The resulting dilution flow rate is substituted in equation (6-3) to determine
the maximum allowsble release rate for discharges from the radwaste
system Substituting the available CWR dilution flow from equation (6-9),
the Liquid Radwaste Monitor maximum release rate can be determined using
equation (6-3).

Once the available dilution flow and maximum aliowable release rate have
been determined the radwaste monitor setpoint can be determined using
equation (6-5)

Contaminated GSW or RHR System - Quantitying and Controlling Releases

The GSW Radiation Monitcr {D11-NOD8) provides an indication of contamination of
this system. The Monitors D11-N401 A and B perform this function for the

RHR System. Also, the CWR Decant Line Radiation Monitor monitors all hquid
releases from the plant and would record any release to Lake Erie from either of
these systems if contaminated. As discussed in ODCM Section 622, sampling and
analysis of the CWR System is required only if this system is contaminated, as would
be indicated by D11-N402 or D11-NDO8. Nonetheless, periodic samples are coliected
from the CWR System to verify absence of contamination. Although not required by
the ODCM, periodic sampling and analysis of the RHR System is also performed since
it also is a potential source of contamination of the CWR and subsequent reieases to
Lake Erie If contamination is found, further releases from the applicable system
(GSW or RHR) via the CWR decant line must be evaluated and controlied to ensure
that releases are maintained ALARA The following actions will be considered for
controlling releases

- Sampling frequency of the applicable source (GSW or RHR System) and the
CWR will be increased until the source of the contamination is found and
controlied. This frequency may be relaxed atter the source of contamination
has been identified and isolated.

Ly Gamma spectral anslysis will be performed on each sample

- The measured radionuclide concentrations from the gammaea spectral
analysis will be compared with MPC (Egquation 6-2) 10 ensure releases are
within the imits of ODCM 3.11.1.1.

- Based on the measured concentrations, the setpoint for the CWR Decant |
Line Radiation Monitor (D11-N402) will be determined as specified in \

Section 63.2. It the calculated setpoint based on the measured distribution |

s greater than the current setpoint (see ODCM Section 6.3.3) no adjustment ‘

to the setpoint i3 required. ]

|

- Samples will be composited in accordance with ODCM Table 4.11.1.1.1-1 for
monthly analysis for H-3 and gross alpha and for quarterly analysis for
Sr-89, 90 and Fe-55

= Each sample will be considered representative of the releases that have
occurred since the previous sample. For each samp!2 {and corresponding
reiease period) the volume of liquid released 1o the lake will be determined
based on the measured CWR decant line cumulative flow
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- From the sample analysis and the calculated volume released the total
ragioactive materizl released will be determined and considered
representative of the release period Cumulative doses will be determined
in accordance with ODCM Section 65

Liquid Effiuent Dose Calculation - 10 CFR 50

The parameters of the liquid release (or estimated parameters, for a pre-release
caiculation) may be used to calculate the potential dose 1o the public from the
release (or planned release) The dose calculation provides a conservative method for
estimating the impact of radiocactive effluents released by Fermi 2 and for comparing
that impact against limits set by the NRC in the Fermi 2 ORCM. The limits in the
Fermi 2 ODCM are specified as quarterly and calendar year limits This assures that
the average over the year is kept as low as reasonably aschievable

651 MEMBER OF THE PUBLIC Dose - Liquid Effiuents

ODCM 3.11.1.2 limits the dose or dose commitment 1o MEMBERS OF THE
PUBLIC from radioactive materials in hguid effluents from Fermi 2 to

- during any calendar quarter,
< 1.5 mrem 10 total body
< 50 mrem to any organ

= during any calendar year;
< 30 mrem to total body
< 10.0 mrem to any organ

The calcuiation of the potential doses to MEMBERS OF THE PUBLIC is a
function of the radioactive material releases 1o the lake the subsequent
transport and dilution in the exposure pathways and the resultant individual
uptake. At Fermi 2, pre-operational evaluation of radiation exposure
pathways indicated that doses from consumption of fish from Lake Erie
provided the most conservetive estimate of doses from releases of
radicactive hquids However, with the proximity of the water intake for the
City of Monroe. it must be assumed that individuals will consume drinking

water as well as fish that might contain radicactivity from discharges into
Lake Erie

Study of the currents in Lake Erie indicates that the current in the

Lagoona Beach embayment carries liquid effiuents from Fermi 2 north along
the coeast part of the time and south aiong the coast part of the time.
When the current flows north, liquid effiuents are carried away from the
Monroe Water Intake, so only the fish consumption exposure pathway must
be considered. When the current flows south, toward the Monroe Water
Intake, both fish consumption and drinking water consumption exposure
pathways must be considered To ensure conservatism in the dose
modeling. the combined fish and drinking water pathway is used for
evaluating the maximum hypothetical dose t0 a MEMBER OF THE PUBLIC
from liquid radioactive effluents. The following calculational methods may
be used for determining the dose or dose commitment due 10 the hquid
radioactive effluents from Fermi 2
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D, = 1.5&5:0:4 voL ,jc, ., A
(6-10)

dose or dose commitment to organ o or total body (mrem)
site-specific ingestion dose commitment factor to the total
body or any organ o for radionuclide i

(mrem/hr per uCi/ml)

average concentration of radionuclide i in undiluted liquid
effluent representative of the volume VOL (uCi/mi)

total volume of liquid effluent released (gal)

average dilution water flow (CWR decant line) during
reiease period (gal/min)

5, near field dilution factor
(Derived from Regulatory Guide 1.108, Rev 0)

1 hr/60 min

The site-specific ingestion dose/dose commitment factors {Aig)

represents @ composite dose factor for the fish and drinking water

pathway The site-specific dose factor is based on the NRC's generic
maximum individual consumption rates. Values of Ap are presented in
Table 6-1. They were derived in accordance with guidance of NUREG-0133
from the following eguation:

Ao = 114 E + 05 (Uy / Dy + Ug » BF)) DF;

where

DF,

114 E + 05

(6-11)

= 21 kg/yr adult fish consumption
= 730 liters/yr aduit water consumption

= 154, sdditional dilution from the near field to the water
intake for the City of Monroe (Net dilution factor of 77
from discharge point to drinking water intake,
Fermi 2 UFSAR, Chapter 11, Table 11.2-11)

= Bioaccumulation factor for radionuclide i in fish from
Table 6-2 (pCi/kg per pCi/liter)

= dose conversion factor for nuclide i for adults in organ o
from Table E-11 of Regulatory Guide 1108 (mrem/pCi)

108 (pcizuci) , 10° (mi/kg)
8760 (hr/yr)
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The radionuclides included in the periodic dose assessment required by
ODCM 3.11.1.2 are those identitied by gamma spectral analysis of the hiquid
waste samples collected and analyzed per the requirements of

ODCM Table 411.1.1.1-1. In keeping with the NUREG-0133 guidance, the
adult age group represents the maximum exposed individual age group.
Evaluation of doses for other age groups is not required for demonstrating
compliance with the dose criteria of CDCM 31112 The dose analysis for
radionuclides requiring radiochemical analysis will be performed after
receipt of results of the analysis of the composite sampies. In keeping with
the required analytical frequencies of ODCM Table 4.11.1.1.1-1, tritium dose
analyses will be performed &t ‘east monthiy; Sr-88, Sr-80 and Fe-55 dose
anglyses will be performed at least quarterly

Simplified Liquid Effluent Dose Calculation

In lieu of the individual radionuclide dose assessment presented in

Section 6 5.1, the following simpiified dose calculation may be used for
demonstrating compliance with the dose iimits of ODCM 31112 (Refer to
Appendix A for the derivation of this simplified method )

Total Body
D, =969E+03 voL , JcC
- DF » Z g
{6-12)
Maximum Organ
D =118E+ 04 _ VOL C.
max DF » 2 " X i
{6-13)
where
Ci = average concentration of radionucilide i in undiluted
hquid effluent representative of the volume VOL (uCi/mi)
VOL = volume of undiluted liguio effluent re.:ased (gal)
DF = @average dilution water flow (CWR decant line) during
release period (gal/min)
Z = 5, near field dilution factor (derived from Reguiatory
Guide 1108, Rev 0)
D = conservauvely evaiuated total body dos ‘mrem)
Dmax = conservatively evaluated maximum organ dose(mrem)
968 E + 03 = 00167 {hr/min) * 580 E + 05 (mrem/hr per uCi/mi,
Cs-134 tota! body dose factor from Table 6.0-1)
118 E + 04 = 00167 (hr/min) * 709 E + 05 (mrem/hr per uCi/ml,

Cs-134 liver dose factor from Table 6.0-1)
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653 Contaminated CWR System - Dose Calculation

If the CWR System becomes contaminated, releases via the CWR System to
Lake Erie must be included in the evaluation of the cumulative dose to a
MEMBER OF THE PUBLIC as required by ODCM 311.1.2. ODCM Section 6.4
described the methods for quantifying and controlling releases from the
CWR System

For calculating the dose to a MEMBER OF THE PUBLIC, Equation (6-10)
remains applicable for releases from the GSW System with the foliowing
assumptions.

- DF, Dilution Fiow, is set equal to the average CWR decant line flow
rate over the release period.

™ C;. Radionuclide Concentration, is determined as specified in ODCM
Section 64

- VOL, Volume Released, is set equal to the total volume of the
discharges to Lake Erie via the CWR decant line as specified in
Section 6.4.

Liquid Effiuent Dose Projections

10 CFR 50.36a requires licensees to maintain and operate the Radwaste System to
ensure releases are maintained ALARA  This requirement is implemented through
ODCM 3.11.1.3. This section requires that the Liquid Radioactive Waste Processing
System be used to reduce the radioactive material levels in the liquid waste prior to
release when the projected dose in any 31 day period would exceed:

> 006 mrem to the tota! body, or
- 02 mrem to any organ

When the projected doses exceed either of the above limits, the waste must be
processed by the Liquid Radwaste System prior to release This dose criteria for
processing is established at one forty eighth of the design objective rate (3 mrem/yr,
total body or 10 mrem/yr any organ) in any 31 day period

The applicable Liquid Waste Processing System for maintaining radioactive material

releases ALARA is the fon Exchange System as delineated in Figure 6-1. Alternately,
the Waste Evaporator (presented in the Fermi 2 UFSAR, Sect.on 11.2) cen be used to
meet the NRC ALARA design reguirements. It may be used in conjunction with or in

lieu of the lon Exchange System 1o meet the waste processing reguirements of
ODCM 31113

Each BATCH release of liquid radweste is evaluated to ensure that cumulative doses
are maintained ALARA. In keeping with the requirements of ODCM 3.11.12. dose
projections are made at least once per 31 days to evaiuate the need for additional
radwaste processing to ensure future releases are maintained ALARA.

The following equations may be used for the dose projection calculation:



where

Dtbp
NOTE:

Cmaxp

Dmax
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OoDCM-60

Revision 4
Page 6 0-16
Depp = Dep (31 /7 4)
(6-14)
Dmaxp = Dmax (31 /@)
(6-15)

= the total body dose projection for the next 31 cay period (mrem)

The reference calendar quarter is normally the current calendar quarter.
if there have been liquid releases in the previous quarter but not in the
current guarter. the previous guarter should be used as the reference
calendar gquaner

= the cumulative 1otal body dose for all releases 1o date in the reference
calendar quarter (normally the current quarter) as determined by
equation (6-10) or (6-12) (mrem)

= the maximum organ dose projection for the next 31 day period (mrem)

= the cumulative maximum organ dose for all releases to date in the
reference calendar quarter as determined by Equation (6-10) or
(6-13) (mrem)

= the number of days from the beginning of the reference calendar
quaner 10 the date of the dose projection evaluation

= the number of days in projection

END OF SECTION 60



Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

_n-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-80
Y-81m

Y-81
Y-82
Y-83
2r-85%
Zr-97

Nb-85
'b-87
Mo-89
Te-99m
Tc-101

Bone

313E+4
4 16E+2
1.38E+6

6.73E+2
1.06E+3

3.18E+4
1.29E+2

232E+4
4 94E+1

2 3BE+4

585E+5
438BE+2
1.66E+2
6 28E-1
5.93E-3

8.20€+0
551E-2
1.75E-1
4 04E-1
2.24E-2

447k+2
3.75E+0
1.02E-2
1.05€-2

Liver

7 S4E-1
6 26E+3
4.16E+2
862E+4

4 40E43
1.11E+2
4 65E+2
250E+3
2.18E+1

932E+1
268E+2
2.21E+3
1.68E+1
1.04E+1

7.38E+4
8 44k

1.01E+5
280E+2
1.92E+2

1.30E-1
451E-3

248E+2
8.48BE-1
126E+2
2 BBE-2
1.51E-2

TABLE 60-1

T Body Thyroid

7.94E-1
6.26E+3
4.16E+2
5 36E+4
1.28E+0

840E+2
186E+1
1.08E+2
957E+2
364E+1

208E+2
580E+2
107€+3
7 66E+0
4 BSE+D

3.34E+4
€57E+0
2.2BE+3
4.06E+
527E+1

2.16E+0
471E+4
1.54E+2
1.35E+2
6 B3E+2

144E+5
1.77E+1
7.18E+D
1.68E-2
230E-4

2 46E-)
161E-3
4 83E-3
8.78E-2
2 D6E-3

1.34E+2
346E-1
241E+1
367E-1
1.4BE-1

7.84E
©.26E+3
4.16E+2

7.70E-1

Kidney

7 84E-1
6.26E+3
4 16E+2

2. 84E-1

1.31E+3
141E+2

263E+1

4 94E+4
6.14E+1

2 D4E-1
681E-23

2 46E+2
1.11E+0
28bE+2
4 3BE-1
272E-1
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Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors
Ao (mrem/hr per uCi/ml)

Lung

7.94E-1
6 26E+3
4 16E+2

1.71E+0

2.58E+2
6 9BE+2

Gi-Lul

7 84E-1
6.26E+3
4 16E+2
1.56E+5
3.24E+2

1.35E+4
353E+3
267E+2
B8.32E+3
5 55E+2

189E+3
503E+3
4 60E+2
4.26E+2
8. 88E+2

4 65E+4
1.42E+1
26ZE+3
5 85E+1
413E-4

1.01E-15
1.99E+4
401E-8
1.12E-11
3.81E+3

168E+4
2.09E+3
3.29E+3
6 66E+3
1.74E-2

5 06E+3
9 66E+2
5 55E+3
411E+2
140E+3

151E+6
350E+3
293E+2
171E+1
4 54E-14



Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-1086

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-128m
Te-128
Te-131m
Te-131

e-132
1-130
1-131
1-132
1-133

1-134
1-135%
Cs-134
Cs-136
Cs-137

Cs-138
Ba-139
Ba-140
Ba-141
Ba-142

La-140
La-142
Ce-141
Ce-143
Ce-144

Pr-143
‘r-144
v‘d‘ 14 7
W-187
Np-239

Bone

5 43E+0
452E-1
807+

1.75E+0
2.18E+1
140E+1
2.5BE+3
6.52E+3

1.06E+2
111E+4
302E+1
167E+3
1.90E+1

2 43E+3
3.12E4
1.72E+2
8 38E+D
587E+1

4 38E+0
1.83E+1
2 9BE+5
3 12E+4
3.B2E+5

2 65E+2
1.45E+0
3.04E+2
7 .06E-1
318E

1.63E-1
8 35E-3
7.30E-2
1.29€-2
381E+0

6 00E-1
1.96E-3
41081
296E+2
348E-2

TABLE 6.0-1
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Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors

Liver

1.61E+0
4.13E-1
1.56E-1
835E+2
2.33E+3

3.80E+1
4 13E+3
1.14E+1
8.15E+2
7.93E+0

157E+3
8.21E+1
246E+2
2.24E+1
1.02E+2

1.18E+1
4.79E+1
7 08E+5
1.23E+5
5.22E+5

522E+2
104E-3
3.82E-1
5 33E-4
3.28BE-4

8.22€-2
3 BOE-3
4 84E-2
951E+0
1.58E40

241E-1
8.16E-4
4 74E-1
24BE+2
343E-3

Ao (mrem/hr per uCi/ml)

T Body

2 34E+0
1.78E-1
1.02E+1

-

9.59E-1
8 66E+D
332E+0
346E+2
7 84E+2

2.29E+1
1.75E+3
7.37E+0
6.79E+2
5.98E+0

147E+3
3 64E+]
1.41E+2
7 BSE+0
3 1E

4 26E+0
1.77E+1
5 BOE+S
8 B7E+4
342E+5

258E+2
4.25E-2
1.88E+1
23BE-2
201E-2

2ATE-2
8. 46E-4
560E-3
1.05E-3
2 04E-1

29BE-2
9.98E-5
2 84E-2
B 6EE-1
188E-3

Thyroid

5.20E-2
142€E-2
7.76E+2
1.67E+3

7. B5E+1
3.BOE+3
2.32E+1
1.28E+3
1.56E+1

1.73E+3
7.81E+3
B OBE+4
7 B5E+2
1.50E+4

2 06E+2
3.16E+3

Kidney

207E+1
584E+0
1.56E+2

3.17E+0

1.05E+4
2 65E+4

431E+2
462844
1.27E+2
8.25€+3
8.31E+1

151E+4
144E+2
421E+2
357E+
1.78E+2

188E+1
7 6BE+1
230E+5
6 B5E+4
177E+5

3 B4E+2
S68E-4
1.30E-1
4 96E-4
2.77E-4

-

228E-2
4 19E-3
9 44E-1

138E-1
4 60E-4
277E-1

107E-2

Lung

1.70E+1
1.08E+1

762E+4
G 40E+3
590E+4

3.78E+1
587E-4
2.18E-1
303E-4
186E-4

Gi-LLi

6.34E+2
276E+2
522E+3

6 59E+2
6.20E+2
154E+2
1.03E+4
2.19E+4

8.36E+3
5 5BE+4
2.28E+1
BO9E+4
2 6SE+0

7 42E+4
7.83E+1
6.48E+1
421E+0
9.17E+1

1.04E-2
541E+)
1.24E+4
140E+4
101€E+4

2 23E-3
258E+0
6 26E+2
333E-10
4 48E-19

6.04E+3
277E+1
1889E+2
356E+2
1.29E+3

262E+3
2 83E-10
2.2BE+3
8 12E+4
7 04E+2



TABLE 60-2

Bioaccumuiation Factors (BFi)
(pCi/kg per pCi/liter)*

Element

H
C
Na
P
Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Rb
Sr
Y
Zr
Nb
Mo
Tc
Ru
Rh
Ag
Sb
Te
|
Cs
Ba
La
Ce
Pr
Nd
W
Np

Freshwater Fish

S 0E-01
4 6E+03
1.0E+02
3.0E+03
2 0E+02
4 DE+02
1.0E+02
5.0E+01
1.0E+02
S 0E+D1
2 0E+03
4.2E+02
2.0E+03
3.0E+01
25E+01
3.3E+00
3 0E+04
10E+01
1 2E+01
1.9E+D1
10E+01
2 3E+00
1.0E+00
4 0E+02
1.5E+01
2. 0E+03
4 0E+00
25E+0"
1 0E+00
25E+0
2 5E+01
1.2E+03
1.0E+D1
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Revision 4
Page 60-18

* Values in this table are taken from Regulatory Guide 1.108 except for phosphorus, which is
adapted from NUREG/CR-1336. and silver and antimony, which are taken from UCRL 50564,

Rev 1, October 1872
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Nuciear Production - Fermi 2 ODCM-70
Oftsite Dose Calculation Manual Revision 4

Page 7.0-1

GASEOUS EFFLUENTS

7.0 GASEOUS EFFLUENTS
71 Radiation Monitoring Instrumentation and Controls
ZAaa Effiluent Monitoring - Ventilation System Releases

The gaseous effluent monitoring instrumentation required at Fermi 2 for
controlling and monitoring radioactive effluents are specified in

ODCM 33712 The monitoring of each identified gaseous effluent release
point must inciude the following:

= Noble Gas Activity Monitor

- lodine Sampler (sample cartridge containing charcoal or silver zeolite)
- Particulate Sampler (filter paper)

* Sampler Flow Rate Monitor

Meeting these requirements, a total of seven Eberline SPING Monitoring
Systems are installed on the six gaseous release points (Onsite Storage
Facility, Service Building, Radwaste Building, Turbine Buiiding.

Reactor Building Exhaust Plenum, and Standby Gas Treatment System
Division 1 and Division 2). The SPING Monitor outputs are recorded
electronically in the CT-2B Contro!l Termina! in the Main Control Room

In general, 8 reading exceeding the High alarm setpoint of the

SPING Monitors causes an alarm in the Control Room. Fermi 2 ODCM
Table 33.7.12-1 identifies only the alarm function of the Reactor Building
Exhaust Plenum Effluent Monitor, the Standby Gas Treatment System
Monitors, and the Onsite Storage Facility

72 Main Condenser Oftgas Monitoring

ODCM Table 3.3.7.12-1 and Technical Specification Table 33.7.12-1 specify
monitoring requirements for the Offgas System at the 2.2 minute delay
line. The following monitors are required

- Hydrogen Monitc - used to ensure the hydrogen concentration in the
Otigas Treatment System is maintained less than 4% by volume as
required by Technica! Specification 3.11.26.

o Noble Gas Activity Monitor - used to ensure the gross activity release
fate is maintained within 340 millicuries per second after 30 minute
decay as required by Technical Specification 3.11.27.

ARMS - INFORMATION SERVICES

Date approved 7-3C-2 Release authorized by.?_,é’é%ﬂg ‘C TewNoallis
7 3

Change numbers incorporated 91-104-0DM

osn_ QL -T.0 Rev 4 Date_Auk 1 f/’éf /992

DTC TMPLAN File 171502 Recipient =
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These two monitors perform safety functions. The Hydrogen Monitor
monitors the potential explosive mixtures in the Offgas System. The Noble
Gas Monitor monitors the release rate from the main condenser ensuring
doses at the exclusion area boundary will not exceed a small fraction of the
limits of 10 CFR 100 in the event this effluent is inadvertently discharged
directly to the environment bypassing the Offgas Treatment System.

Reactor Building Ventilation Monitors (Gulf Atomic)

The Gulf Atomic Monitors (D11-N408 and 410) on the Reactor Building
Ventilation System provide on high radiation levels (above alarm setpoint)
initiation of SGTS, isolation of drywell vent‘ourge, isolation of the RB and
Control Center Ventilation Systems and instiation of Control Center
recirculation mode ventilation. These monitors and functions are not
required by Fermi 2 ODCM but are important in controlling containment
venting/purging

Sampling and Analysis of Gaseous Effluents

The program for sampling and analysis of gaseous waste is prescribed in
Fermi 2 ODCM Table 411.2.12-1. This table distinguishes two types of gaseous

releases

(1) containment PURGE, treated as BATCH releases, and (2) discharges from

the Reactor Building Exhaust Plenum (including Standby Gas Treatment
System (SGTS) when operating) and other building ventilation exhausts, treated as
CONTINUQUS releases

721

722

Containment PURGE

ODCM Table 4112 1.2-1 requires that a8 grab sample be collected and
analyzed before each containment drywell PURGE. Sampling and analysis
are required within eight hours before starting a8 PURGE

ODCM Table 411.2 1.2-1 Footnote | and ODCM 411283 also require that if
the PURGING or VENTING is through the Reactor Building Vent, rather than
through SGTS, additional sample and analyses are required every

twelve hours throughout the release period Analysis must include principal
gamma emitters and tritium prior 1o venting and purging

For a planned containment PURGE, the resulls of the sample and analysis
are used t0 establish the acceptable release rate and radiation monitor
alarm setpoint in accordance with ODCM Section 7.3. This evaluation is
necessary 10 ensure compliance with the dose rate limits of ODCM 3.11.2.1.
The periodic samples coliected throughout the PURGE/VENT period are used

10 ensure that release conditions over an extended period are maintained
within ODCM limits

Ventilation System Releases

ODCM Table 4.11.2 1.2-1 requires continuous samples of releases from the
RB Exhaust Plenum, Standby Gas Treastment System, Radwaste Building,
Turbine Building. Service Building, and Onsite Storage Facillity. The table
specifies the following program:

- Once per week, analysis of an adsorbent sample of I-131 and 1-133,
plus analysis of @ particulate sample for principal gamma emitters.
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- Once per month analysis of a composite particulate sampie of ail
releases (by release point) that month for gross alpha activity.

- Once per quarter, analysis of 8 composite particulate sample of all
releases that quarter for Sr-85 and Sr-80.

- Once per month, analysis of a grab sample for principal gamma
emitters (noble gases and tritium}.

ODCM Table 4112 1.2-1 also requires continuous monitoring for nobie
gases This requirement is met by the SPING Monitors on each of the plant
gaseous reiease points.

The ODCM requires more frequent sampling and analysis following reactor
startup, shutdown, or change in thermal power exceeding 15% within one
hour. The ODCM allows exceptions to this increased sampling schedule
provided that neither one of the following conditions exist

o Primary coolant dose equivalent I-131 has increased more than a
factor of three

- Reactor Building SPING noble gas monitor has increased more than a
factor of three

Grab samples of the Fuel Pool Ventilation Exhaust are required tritium
analysis once per seven days whenever spent fuel is in the Spent

Fuel Pool Also, grab samples for tritium are required when either the
reactor well or the dryer separator pool is filled. These samples are taken
@t the Reactor Building Exhaust Plenum and Standby Gas Treatment System
(SGTS) when operating.

Effluent Monitor Setpoint Determination

Ventilation System Monitors

Per the requirements of ODCM 3.3.7.12, alarm setpoints shall be established
tor the gaseous effluent monitoring instrumentation 10 ensure that the
release rate of noble gases does not exceed the limits of ODCM 311.2.1.
This section limits releases 10 a dose rate at the SITE BOUNDARY of

500 mrem/year to the total body or 3000 mrem/year to the skin. From a
grab sample analysis of the applicable release (1 e, grab sample of the
Drywell or Ventilation System release), the radiation monitoring alarm
setpoints may be established by the following calculational method. The
meadsured radionuclide concentretions and release rate are used to calculate

the fraction of the aliowable release rate, limited by ODCM 3.11.2.1, by the
equation:

FRAC = 167 E + 01 * X/Q * VF * § (C. * K)
500 oy
(7-1)

FRAC = 167 E + 01 * X/O* VF* J (C.*[L + 11 M)
3000 = =

(7-2)
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Where

FRAC = fracuon of the allowable release rate based on the
idenufied radionuclide concentrations and the release
flow rate

x/Q = annual average meterological dispersion to the
controliing site bmgmarv location from
Table 7.0-3 (sec/m~) or plant procedures

VF = Ventilation System flow rate for the applicable release
pomnt and monitor (liters/minute)

C, = concentration of noble gas radionuclide i at release
point 8s determined by gamma spectral analysis of grab
sample (uCi/cc) (if a noble gas is not detected at the
reacter building release point, its concentration at this
release point may be caliculated by applying a dilution
factor to its concentration in an Offgas Vent Pipe
sample )

K, = 1total body dose conversion factor for noble gas
radgionuchde | (mrem/yr per uCi/m>, from Table 7.0-2)

Ly = beta skin dose conversion factor fpr noble gas
radionuchde 1 (mrem/yr per uCi/m>~, from Table 7.0-2)

1, = Bemma air dose conversion factof for nobie gas
radionuclide 1 (mrad/yr per uCv/m~, from Table 7 0-2)

11 = mrem skin dose per mrad gamma air dose (mrem/mrad)

500 = total body dose rate limit (mrem/yr)

3000 = skin dose rate hmit (mrem 'yr)

167 E+ M = 1E + 03 {cc/titer) * (1/60) (min/sec)

Based on the more limiting (1€, higher) value of FRAC as determined above,

the alarm setpoints for the applicable monitors may be calculated by the
equaton

SP < (AF .,  C) + Bkg
FRAC
(7-3)
Where
SP = @larm setpoint corresponding to the maximum gllowable
release rate (uCi/cc)
Bkg = background of the monitor {uCi/cc)
AF = admuustrative allocation factor (Table 7 0-1) for the

specithic monnor and type release. which corresponds 1o
the traction of the 1otal allowable release rate that is
admiustratively allocated 10 the individual release
potnts
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Ci = concentration of Noble Gas Radionuclide i as determined
by gamma spectral analysis of grab sampie (uCi/cc) (If 8
noble gas is not detected at the reactor building release
point, its concentration at this release point may be
calculated by applying a dilution factor to its
concentration in an Offgas Vent Pipe sample) Note: Iif
the monitor channel in question was showing a
response to the effluent at the time of the grab sample,
this response minus background may be used in lieu of
the summed grab sample concentrations

The Allocation Factor (AF) i an administrative control imposed to ensure
that combined releases from ali release points at Fermi 2 will not exceed
the regulatory limits on release rate from the site (i.e. the release rate
limits of ODCM 31121 From the Fermi 2 design evaluation of gaseous
effluents presented in the UFSAR Section 11.3, representative values have
been determined for AF. These values are presented in Table 7.0-1. These
values may be changed in the future as warranted by operational
experience, provided the site releases comply with ODCM 31121 In
addition to the allocation factor, safety factors which have the effect of
lowering the calculated setpoints may be applied. When determining the
Noble Gas Monitor calibration constant, the monitor sensitivity for Xe-133
may be used in lieu of the sensitivity values for the individual
radionuclides. Because of its lower gamma energy and corresponding
monitor response, the Xe-133 sensitivity provides a conservative value for
glarm setpoint determination Alternatively, if the monitor channel in
question frequently shows a response to @ mix of isotopes whose
concentrations can be determined. the calibration constant may be

determined from this type of data without reference to primary calibration
data

Setpoint Determination with No Nuclides Detected

When noble gas concentrations for a release point cannot be determined
from grab samples. there are two options for setpoint determination. First,
the setpoint may be set slightly sbove monitor background (eg 2 to 3
times background) This approach may be used when releases are not
expected from a particular release point. Second the equaticns of Section
731 may be used with noble gas concentration values based either on
UFSAR tables or on values from a release point for which concentrations
have been determined (e g reactor building exhaust plenum). When this
method is useo, a safety factor should be used in the setpoint calculation.

Gaseous Effluent Alarm Response - Evaluating Actual Release
Conditions

The monitor alarm setpoint is used as the primary method for ensuring and
demonstrating compliance with the release rate limits of ODCM 31121

Not exceeding alarm setpoints constitutes a demonstration that release
raetes have been maintained within the ODCM limits. When an effluent
Noble Gas Monitor exceeds the alarm setpoint, an evaluation of comphance
with the release rate limits must be performed using actua! release
conditions  This evaluation requires collecting a sample of the effluent to
establish actual redionuchde concentrations and permit evaluating the
monnor response  The tfollowing equations may be used for evaluating
compliance with the release rate limit of ODCM 3112 1a
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D¢ = V67 E + 01 » X/Q » VF » Z(Kiac.)

D‘ = ‘67 E
Where
Dty ”
Dg =
x/Q -
VF =
Ci =
Ki =
Li =
0, =
11 -
167 E+ M =

(7-4)

+ 01+ X/Q s VFaT (L + 11 Ml
(7-5)

total body dose rate {mrem/yr)
skin dose rate (mrem/yr)

atmospheric dispersion 10 the co‘{nrollmg
SITE BOUNDARY location (sec/m”)

Ventilation System release rate (liters/min)
concentration of radionuclide i as measured «n the grab
sample or as correlated from the SPING Noble Gas
Monitor reading (uCi/zcc)

total body dosec conversion factor for noble gas
radionuchde i (mrem/yr per uCi/m~, from Table 7.0~2)

beta skin dose conversion factor for noble gas
radionuchide | (mrem/yr per uCi/m™, from Table 7.0-2)

gamma air dose conversion factof for noble gas
radionuchide | {(mrad/yr per uCi/m~, from Table 7.0-2)

mrem skin dose per mrad gamma air gose (mrem/mrad)

1 E + 03 (cc/nter) » (1760) (min/sec)

Containment Drywell VENTING and PURGING

741

Release Rate Evaluation

For drywell VENTING or PURGING. an evaluation of acceptable release rate
should be performed prior 10 the release. Besed on the measured noble
gas concentration in the grab sample collected per the requirements of

ODCM Teble 411.2.1.2-1. the allowaule release rate can be calculated by the

following equation:

nn‘b = 500 . AF
167 E + 01 » X/Q » )‘_’txg » C))
(7-6)
or
RRs = 3000 , AF

167E + 01+ X/Q ‘T“L‘ + 1AMl Cy

(7-7)
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Where
REqp = allowable release rate sO as not 10 exceed a dose rate
of 500 mrem/yr, total body (liters/minute)
RRg = allowable release rate SO &s not to exceed a dose rate
of 3000 mrem/yr. skin (liters/minute)
AF = allocation factor for the applicable release point from
Table 7.0-1 (default valve is 05 for Reactor Building
Exhaust Plenum)
500 = total body dose rate limit (mrem/yr)
3000 = skin dose rate limit (mrem/yr)

The lesser value (RRyy, or RRg) as calculated above should be used tor
establishing the allowable release rate for the drywell PURGING or VENTING.

Alarm Setpoint Evaluation

For a containment drywell VENTING or PURGING, 8 re-evaluation of the
alarm setpoint is needed to ensure compliance with the requirements of
ODCM 33712 For the identified release path (RB Exhaust Plenum or SGTS)
and associated effiuent Radiation Monitor, the alarm setpoint should be
calculated using Equations (7 -1). (7-2) and (7-3). In Equations (7-1) and
(7-2), the vaiue of the Ventilation Flow VF should be established at the total
release flow rate including the contribution from the PURGE or VENT. If the
caiculated alarm setpoint is greater than the current setpomnt, no
adjustments are necessary.

Quantifying Releases - Noble Gases

The determination of doses in the envircnment from relegses is dependent on the
mixture of the radiosctive material Also. NRC Regulatory Guide 1.21 requires
reporting of individual radionuclides released in gaseous effluents. Therefore,
Detroit Edison must determine the quantities of the individual radionuclides released
For noble gases. these quantities must be based on actua! noble gas grab samples.

151

Sampiing Protocol

As reguired by ODCM 31121, a gas sample is collected at least monthly
from each of the six geseous release points (Reactor Building Exhaust
Plenum, Standbv Gas Treatment System, Raowaste Building,

Turbine Building, Onsite Storage Facility, and Service Building). As
discussed in ODCM Section 7.22, this gas sample is analyzed by gamma
spectroscopy to identify individual radionuchiges (noble gases) To date
(May 1982) noble gases have been detected only in the reactor building
eftfluent
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In addition 10 these monthly samples from each release point, noble gas
greb samples from the Ofigas Vent Pipe may be collected using the sample
lines of the abandoned Offgas Vent Pipe Monitor (D11-N105 and
D11-N106) Since noble gases are more concentrated at this point than at
the Reactor Building Exhaust Plenum, & greater number of noble gases are
detected &t this point. Sampling shouid be performed monthly at the
Otfgas Vent Pipe unless the reactor is shut down or noble gas
concentrations increase sutficiently to allow detection of all significant
noble gas nuclides at the Reactor Building Exhaust Plenum

For Containment PURGE/VENT, samples are collected prior to the initiation
of the releese and periodically throughout the release (see ODCM

Section 721) These samples are evaluated using Equations (7-4) and (7-5)
to ensure that the site boundary dose rate limits of ODCM 3.11.2.1 are not
exceeded For an extended PURGE/VENT period (e g. longer than 48 hours),
drywel!l airborne activity levels will egquilibrate. After equilibrium is reached,
the guantitication of the PURGE/VENT can be adequately addressed by the
periodic (typically weekly) sample and analysis of the Reactor Building
Exhaust Pienum or Standby Gas Treatment System

As required by ODCM Table 4 112121, special samples are required of the
RE Exhaust Plenum and SGTS foilowing shutdown, startup or @

THERMAL POWER change exceeding 15% within a 1 hour period Exceptions
to this special sampling are allowed as noted previously in

ODCM Section 722

Release Concentration Determination for Reactor Building Exhaust
Pienum

In cases where both a RB Exhaust Plenum noble gas sample and an Offgas
Vent Pipe (OGVP) sample have been taken, the RE Exhaust Plenum nobie gas
concentrations are determined as follows. First, the RB SPING channel 1-5
reedings (above background) at the times the two samples were taken are
compared. and the noble gas concentrations for the sample taken at the
lower RB SPING channel 1-5 reading are normalized to the higher RB SPING
channe! 1-5 reading Second. a dilution factor relating OGVP concentrations
to RB Exhaust Plenum concentrations is calculated by dividing the RB
Exhaust Plenum flow rate (nominally 943 E4 ctm) by the OGVP flow rate as
indicated in the control room (N62-R808. biue pen) Third, the OGVP noble
gas concentrations are divided by this dilution factor. Fourth, the diluted
OGVP noble gas concentrations are compared 10 the RB Exhaust Plenum
noble gas concentrations, and the higher of the the two concentration
values for each nuclide is taken 10 be the RB Exhaust Plenum concentration
for that nuclide (For purposes of calculation, the concentrations of nuclides
which are not detected are 1aken 10 be zero) Fifth the resulting RB

Exhaust Plenum concentrations are corrected for variations guring the
release period by multiplying each concentration value by the average RB
SPING channel 1-5 reading (above background) for the
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penod divided by the higher of the two RB SPING channel 1-5 sample readings (above
background) at time the samples were taken These corrected values are then used as Cin
Equation (7-8) to determune the quantity of noble gases released

70

753 Calculation of Activity Released

The following eguation may ve used for determining the release guantities
from any release point based on the grab sample analysis.

Q=10E+03*VF*T*(

(7-8)
Where
Q, = total activity released of radionuclide i (uCi)
VF = Ventilation System release rate (liters nnn)
T = 1otal uume of release period (min)
10E + 03 = milliliters per liter
C; = concentrgtion of radionuclide | as determined by gamma

spectral analysis of grab sample (uCi/cc) corrected for
variations during release period as described in
Section 752

Site Boundary Dose Rate - Radiciodine and Particulates

ODCM 32112 1.b himits the dose rate to <1500 mrem/yr to any orgen for 1-131, 1-133,
trittum and particulates with hatt-lives greater than B days To demonstrate
comphance with this imit, an evaluation is performed &t a frequency no greater than
that corresponding 1o the sampling and analysis time period (nominally once per

7 days). The following equation may be used for the dose rate evaluation:

Dg = X/Q * Ri-131 * L Q,

(7-8)

Where

Dg = @average organ dose rate over the sampling time pericd (mrem/yr)

X/Q = atmospheric dispersion to the controlling SITE BOUNDARY location
for the inhalation pathway (sec/m~) from Table 7-3 or planm
procedures

Ri-131 = 1-131 dose parameter (mrem/yr per qufm3) for the child inhalation
pathway trom Table 7-4

ZQ. = 1otal average release rate over the appropriate sampling period and

analysis freguency for 1-131 1-133. tntium and other radionuclides
In particulate form with half lives greater than 8 days (uCi/sec)
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Q=C;*VF*167E + M
Where
VF = Average ventilation flow for release point (liters 'min)
C; = Concentretion of radionuclide i (uCi/cc)--usually determined by

gamma spectral analysis of effluent sample
167€ + 01 = 1E + 03 (cc/inter) * (1 min/ 60 sec)

Alterngtively, the site boundary dose rate may be evaluated using the highest
individual tsotopic dose factors for all age groups to calculate inhalation and ground
plane exposure at the highest dispersion tactor location a8t or beyond the site
boundary. as well as vegetation and milk exposure at the garden and milk locations
with the highest deposition factors

Noble Gas Etfluent Dose Calculations - 10 CFR 50

771 UNRESTRICTED AREA Dose - Noble Gases
ODCM 31122 reguires a periodic assessment of releases of noble gases 1o
evaluate compliance with the quarterly dose imins of 5 mrad, gamma-air
end 10 mrad beta-air and the calendar vear imits 10 mrad, gamma-air and

20 mrad. beta-air. The following equations may be used 1o calculate the
gamma-air and beta-air gdoses

Dy =317E-08"x@* Y+

(7-10)
and
Dy =317E-08*X/Q* TN *Q)
(7-11)
Where
D = @ dose due 10 gamma emisvions for noble gas
J’ radionuchdes {(mrad)
Dﬂ = air dose due 10 beta emissions for noble gas
rsdionuclides (mrad)
X/Q = atmospheric dispersion 1o the coptroiing
SITE BOUNDARY location (sec/m”)
Q = ctumulative release of noble gas radionuclide | over the
period of interest (uCi)
M, = air dose factor due 10 gamma emjssions from noble gas

redionuchide i (mrad’yr per uCi/m”, trom Table 7.0-2)
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N, = @ir dose factor due 10 beta enussjons from noble gas
redionuchde i {(mrad/yr per uCu/m”, Table 7 0-2)

317 E - 08 = 1/315 E + 07 (year/sec)

Simplified Dose Calculation for Noble Gases

In lieu of the individual noble gas radionuclide dose assessment presented
above the following simplitied dose calculational equations may be used for
veritying compliance with the dose limits of ODCM 31122 (Refer to
Appendix B for the derivation and justification of this simplified method )

Dy =20°317E-08"X/Q" Mgy * Yo

(7-12)
and
D, =20*317E-08*X/Q"Ney* ) O
73 (7-13)
Where
Mgt = 27E+03 effecuveBQamma-anr dose festor
{mrad/yr per uCvm~)
Nett = 23E+03 eﬂectwe,jbeta-aur dose factor
(mrad/yr per uCi/m>)
20 = conservatism factor 1o account for potential variability in

the radionuclide distribution

78 Radioiodine and Particulate Dose Calculations - 10 CFR 50

UNRESTRICTED AREA Dose - Radioiodine and Particulates

In accordance with requirements of ODCM 31123 & periodic assessment is
required 10 evaluste comphance with the guarierly dose hmit of 7.5 mrem
and the calendar year imit of 15 mrem 10 any organ  The tollowing
€gqualion may be used 10 evaluate the maximum organ dose due 10 releases
of 1-131 tritium and particulates with half-lives greater than 8 days

Daop =317E-08*W=*SF,* T (R "0y

{7-14)
Where
Dao;: = dose or dose commitment via controlling Pathway p and
Age Group @ (as 1dentified in Table 7 0-3) 1o Organ o,
including the total body (mrem)
w = atmospheric dispersion parameter 1o the controlling

locstion(s) as identitied in Table 7 0-3 or plant
procedures
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wW = X/Q stmosphenc dispersion for inhalation pathway and
H-3 sng C-14 dose contribution via other pathways
{sec/m*>)
w = D/Q stmospheric deposition for vegelation, milk and

ground plane exposure pathways (m <€)

Where

R; = doie factor for radionuciide i, (mrem/yr per uCi/ms) or
{m* - mrem/yr per uCi/sec) from Table 7.0-4 tor each
Age Group (a) and the applicable Pathway (p) as
identified in Table 7 0-3 or plant procedures Values for
R, were derived in accordance with the methods
described in NUREG-0133 As noted in NUREG-0133
section 53 1.3 in the case that the milk animal is a goat,
parameter velues from Reg Guide 1109 should be used
For i-131 for example use of the goat teed torage
consumption rate given in Table E-3 and the stable
element transter tactor given in Table £E-2 of Reg Guide
1109 resuls in grass-goat-milk dose factors which are
eguivalent 10 the grass-cow-milk dose faclors in
Tatle 7 0-4 multiplied by 1.2

Q, = cumulative release over the period of interest for
ragionuchde + —- 1-131, I-133. tritium or radicactive
matenal in particulate form with half-life greaster than
8 days (uCy)

SFp = annusl seasona! correction factor 1o account for the
fraction of the year that the applicable exposure
pathway does not exist

1) For milk and vegetation exposure pathways
= A six month fresh vegetation and grazing season
(May through October; lunits exposute through
this pathway to halt the year

= 05 (derved from Keg Guide 1109, Rev 1)
2) For inhalation and ground plane exposure pathways:
= 1.0 (derived from Reg Guide 1108, Rev 1)
317 E- 08 = 1/315 E = 07 (year/sec)

The age group with the highest potential dose via the controliing pathway
should be used for evaluating the maximum exposed individual  This
geternunation i1s based on 8 companson of the age group pathway dose
conversion factors (Table 7-4) The ntant sge group 15 controthing for the
milk pathway and the child age group 1s controlling for the vegetable
pathway.  Only the controlling sge group and pathway identified in

Table 7 0-3 need be evaiusted for compliance with ODCM 31123
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782 Simplified Dose Caiculation for Radioiodines and Particulates
In heu of the individual radionuclide (I-131 and particuiates) dose
assessment presented above, the following simplified dose calcutation may

be used for verifying compliance with the dose limits of ODCM 3.11.23.

Dmax = 317 E - 08 * W * SFp * Ri.131 * ) Q

(7-15)
Where.
Dmax = maximum organ dose (mrem)
Ri-131 = |-131 dose parameter for the thyroid for the identified

controliing pathway

= 476 E + 10, child thvrgid dose parameter for the
vegetlable pathway (m* - mrem/yr per uCi/sec)

The ground plane exposure and inhalaticn pathways need not be considered
when the above simphified caiculational method is used because of the
overall neghgible contribution of these pathways 10 the total thyroid dose.

It 1s recognized that for some particulate redionuclides (e g, Co-60 and
Cs-137). the ground exposure pathway may represent a higher dose
contribution than either the vegetation or mitk pathway. However, use of
the 1-131 thyroid dose parameter for all radionuclides will maximize the
organ gose calculation, especially considering that no other radionuclide has
@ higher dose parameter for any organ via any pathway than 1-131 for the
thyreid viz the vegetable or milk pathway

The location of exposure pathways (critical receptors) and the
corresponding maximum organ dose calculation should be based on the
pathways identified by the annual land-use census (ODCM 3.12.2)
Otherwise. the dose should be evaluated based on the predetermined
controlling pathways identified in Table 7 0-3

Gaseous Effluent Dose Projection

As with liguid effluents the Fermi 2 ODCM controls on gaseous effiuents require
"processing” of gaseous effluents if the projected dose exceeds specified himits.
These controls implement the requirements of 10 CFR 50 36a on maintaining and
using the appropriate radwaste processing eguipment 10 keep releases ALARA

ODCM 31125 requires that the VENTILATION EXHAUST TREATMENT SYSTEM be used
10 reduce radioactive material levels prior 1o discharge when the projected dose
exceeds 0.3 mrem to any organ in any 31 day period (ie. one-guarter of the design
objective rate). Figure 7.0-1 presents the gaseous effluent release points and the
VENTILATION EXHAUST TREATMENT SYSTEMS applicable for reducing effluents prior
to release
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Dose projection is performed at least once per 31 days using the following eguation:

Where.

Dmaxp

NOTE:

Dmax

Dmaxp = Dmax * (31 / @)
(7-16)

= maximum organ dose projection for the next 31 day period (mrem)

The reference calendar quarter is normally the current calendar

quarter. If the dose projection is done in the first month of the
quarter and is 10 be based on dose calculated for the previous quarter,
the reference calendar quarter is the previous guarter

= the cumulative maximum organ dose from the beginning of the
reference calendar gquarter (normally the current quarter) to the end
of the most recently evaluated release period as determined by
Equation (7-14) or {7-15) (mrem)

= number of days from the beginning of the reference calenda
Quarter 10 the end of the most recently evaluated release period.

= number of days in projection

END OF SECTION 7.0
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TABLE 70-1

Values for Evaluating Gaseous
Release Rates and Alarm Setpoints

Aliocation Allocated Dose
Release Point Flow Rate” Factor Rate Limit
(linter/min) (AF) {mrem/year)
heactor Bullging 267E6 050 T Body = 250
Exnhaust Plenum Skin = 1500
C11-Pze0 Organ = 750
Srandby Gas 107ES 010 T Body = 50
Tieatment System Skin = 300
Liv 1 D11-P275 Organ = 150
Stanguy Gas 1 12E5 0130 T Body = 50
Treatment Systen, Skin = 300
Dw 0 DN -P278 Organ = 150
Turbine Building B67ED 020 T Body = 100
ventilauon Skin = 600
D1Y-P27Y Organ = 300
ordie Buddiong S06E5 0.01 T BOdV = 5
iation Skin = 30
Lli=P2B2 Organ = 15
Radwasie Buiduiy 113&¢E 002 T Body = 10
Venltdation Skin = &0
D11-P281 Organ = 30
Ousite S1orage 306ES 002 T Body = 10
Bulding Skin = &0
Venmdation Organ = 30
DI11-P281
Reattof Budding 2576 050 T Body = 126
Ventlation Skin = 750
Gull Atonu
IAGmors

DIT-N30s N30

Ventlalion tiow rale values are subject 10 change due 10 plant Mmodifications and changing plant
conagimons therefure updated values in plant procedures may be used

D1T-N308 ava N3TU will s1an the SGTS close the Drywell Purge Vent Valves isolate Rx Building
Veutatiu. Sostein culate Control Cemer ang initiste emergency recirculation mode



Nuclide

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Ar-41

Total Body
Gamma Dose
Factor Ki
{mrem/yr per
uCi/m”~)

756E-02
1.17E+03
161E+01
5 82E+03
147E+04
1 66E+04
156E+04
S 15E+01
251E+02
2 94E+02
3 12E+03
181E+03
1.42E+03
B B3E+03
8 BAE+D3

TABLE 7.0-2

Dose Factors for Noble Gases*

Skin
Beta Dose
Factor Li

(mrem/ys per
uCi/m*~)

1.46E+03
1.34€~03
9.73E+03
237E+03
101E+04
7 28E+03
4 76E+02
S 94E+02
3 06E+02
711E+02
1.86E+03
1.22E+04
4 13E+03
2 69E+03

Gamma Air
Dose Factor
M
(mnd/w!pu
uCi/m*~)

1.93E+01
123E+03
1.72E+01
6.17E+03
152E+04
1.73E+04
163E+04
156E+02
327E+02
353E+02
3 36E+03
1.82E+03
151E+03
8 21E+03
S 30E-03

oDCwM-7.0
Revision 4
Page 7 0-16

Beta Air
Dose Factor
Ni
(mud/yrsper
uCi/m*~)

28BE+02
187£+03
1.85E+03
103E+04
2 93E+03
1.06E+04
7 B3E+03
T.11E+03
148E+03
1 05E+03
7.39E+02
246E+03
127E+04
4 75E+03
3.28E+03

NOTE.

Dose factors taken from NRC Regulatory Guide 1109
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Controlling Locations, Pathways. and Atmospheric

Dispersion for Dose Calculations*

Atmospheric Dispersion

Factor
oDCMm Lecation Pathway(s) Controlling X/0 3 I)/'llz
Control Age Group (sec/m*~) (1/m*)
311218 site boundary noble gases N/A RB: 2 40E-6 N/A
{057 mi, NW) direct TB. 114E-5
exposure RW: 5.32E-6
31121 site boundary inhalation child RE. 2 40E-6 N/A
(0.57 mi, NW) T8 1.14E-5
RW. 5 32E-6
31122 site boundary gamma-air N/A RB. 2 40E-6 N/A
(057 mi, NW) beta-air TB: 1.14E-5
RW: 532E-6
21123 residence mibk, infant RB: 2 B2E-7 2 40E-9
(2.06 mi, WNW) inhalation, and 18 6.78E-7 3 B6E-8
ground plane RW: 4 04E-7 260E-8
NOTE: .

»

The identified controlling locations and pathways are derived from land use census data and

dispersion factor dates tables. The dispersion factor values histed sre conservative values: they
represent the highest annual average values seen between 1954 and 18981, When performing dose
and dose rate evaluations for plant surveillances, the dispersion factor values and location and
pathway information found in plant procedures should be used This data in plant procedures
should be the same as the above data uniess recent information has shown the above data 10 be

non-conservative or inaccurate. When performing annual dose evaluation for the Semiannual
Effiuent Release Report, the annual average dispersion factors tor the year being evaluated should

be used.
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bie, Intalation Fathway Dose Factlors - ADULY ODCM“?.O
R
(wiew/yr per pli/e’) evsion 4
' Page 70-18
Buc!joe Bone Liver Tuyreid BKidoey Long CI-ldd 7. bogy
K3 - T.26E«Y 1. 36E«) 1268+ 1.26E3 1.260¢3 1.2¢0+3
C- TB2Es4 3. A%E+3 3 A00+3 D atEed 3 4053 3 A0Eed 3 wNEe)
ha-dd 1 0788 1. 02Eed % Clied 1.025«4 1.0204 V1.020Ee& 11,0204
¥-32 10206 770 - - - L TN S A Y
Cr-51 . - S.95E«1 2.2BE+% V.66Eet  3.32E¢3 1.00842
LIS - 3 9ked §.BLi+) 1. ADEe6 T.74Fe4 6. 30142

Mn-5¢ - 1.30E0
Fe-55 2.48E+6 1. 7084
Fe-59 1.98E«% 2 TBE+s

1.30E+C 9 ahEed 2.02Es4 1.03E-1
- 7.29Ee4  6.030+3 3. 64Ee)
- 1.062E6 1. BBE«S 1,00Ee4

L )

Co-57 - L 3 T - 3.70E«5 3.0Ee4 6.7%002
Co-58 - 1.58E«3 - - 9.2BE«S 1.06E+5 2.078¢3
Co-t0 - 11584 - - S.978e6 2. B5E<5 V. 4Bied
Hi-t3 & 3DEeS 3 Vakee - - 1.78E«5  1.36Ee4  1.450e
Nt 1.5E«0 2.108-1 - - S.60E«3 1.230e4 9.128-2
Cu-sa - 1.4bk0 - 4. 62E*0 ©.TBEe3 4 .90Eed ©.151-1
In-65 3.26Ee4 1. 038 - 6. 905« B GAL+S 5. 36Eed & biles
Tn=ts 3.388-2 8.5VE-2 - &.33E-2 9.20E+2 V1.63E1 4.528-3
br-82 - - - - - 1.068e8  1.350e4
Br-43 - - - - - 2.328+2 2.8%i<2
Br-ba - - - - - 1.64E-3 31302
Br-g5 - - - - - - 1.2881 .
Ry-6¢ - 1.358% - - - 1.66E«4 S S0Ees
ke -8E - 3.8782 - - - A.348-% %2
ko-E9 - 2.508.2 - - - - 1.7082
Sc-8% 3. 04ket - - - 1.40E«t  3.500«5 &£.72i¢)
Sr-%C § Sike7 - - - $.60Eet 7.220+5 6.30Ee¢
S1-91 € 151 - - - 3.65Ee6  1.9%0e% 2.500<0
Sr-%2 6. T4tep - > - 16584 & . 30FEed 2.9V
y-92 2.0503 - - - 1.208«% S5.06E+5 S.8vie
Y-¥ia 2.611-1 - - - 1.920¢3 1.33E<0 1.028-2

2r-9% 10705 3 4o
2t-%7 S.6BE«1  1.80Es1

Y9 6. E205 - - - 1.70E«6 3. 8505 1.28Ee4
¥-52 V.03 - - - 1,578« T.35Ee4 3.002E-1
¥-9 § 4dke - - - 4. BSEed 4. 22E+5 2.8VE<0

S A2Eed 1. 77Kt
.97kt T .BIEe4

JS0Ee5 2,33k
L3235 9.04ie0

Ll e R

M- &5 1418« 7. B7E4)
Ae-§7 2.32E-% S.62E-2
Ho- 56 - 1,212
Tc 95 1.038-3 2.91E-)
Tc-101 4. 188-% €.028-%
Ru-103 1.53k) -
Re-105 T.908-1

T.74E«3 5.05E«S
6.54E-2 2.40E+3
2.9VEs2 9.128+4 3. 4BE+5 2.30E+)
4 L2E-2 7.64F+2 41683 3.008-2
1.08E-3 3.99E«2 - 5.90E-4
S5.83E«3 S5.05E«S 1.90EeS 65812

JOhEeS 4,213
A2E2 2.05E-2

Lol

-

(L A N N A

o 1. 0280 1.%0E4 4. 020s6 3. %910
#u=108 (3% A% 21 - 1.3303 9. 3¢E«b §.13F«% $.72143
Re-3C3e - - - - - -
Rb=10¢ . > - - - -

A-1108  1.0BE+4 1. 00Eea - 1.97E«s L. 63Eed 3.020+% S 8
So-134 31204 5. 8502 7.55E41 - 2.08E+6 6,085 1.2
Sp-12% S5.34Ke4 5. 8352 S 40Ee) - LJake6 1.0VESS 1. 26ies
Te-125%8  3.42E6+3 1 S5EBi«3 LOSESY 1. 24Esk 3. %EeS 7.06Ee4 4.8
Te-12%e  1.2¢ied 5.77f43 JE9Ee3 4. 5BEe4  S.60E+5 1.500+3 1.5

O

Te-127 1.40E+0 €.42F-1
Te-129%  9.761¢3 &.678+3
Te-12§ 4.98E-2 2.3%i-2
Te-111m 6. 990« 4. 30E41
Te-131 19482 5.95E-)

O6EsD 5.10E«0 6.51E«3 5. 74Eeé 3 1011
A4Ee3 3 GbEes 110Kt 3. B3EeS 1. 8k1-0
SS0E-2 1.BTE-Y 1 96Eed 1 572 1 24K
L508¢1  3.09Ee2 1.4CLe% 5.36Fe3 3.90Q¢)
J36E-3 4.37E-2  1.39Ee3 1. 8aEet 3. 5%E-3

LR R

Ye-132 2.60E«2 3.1%5Ee2
i-1% 458043 13K
-1 2.52F+¢ 3 .5BEed
-2 1.168<3  3,208+)
1-13 B.Galed 1. 4BTed

SS0L42 1.46Ee3 2. BBE<S 5.10Fe5 1. 61042
Wi 2.09E4 - 7.655«3  5.260+3
AFE? 613K - 6.38E+3  J.0SEes
MBS 5.9BEe) - 4. 06E+2 1.%¢0<)
ASEst 2.58Ee4 - B.88E+) 4. 52E02

D

1-13% 6. 44E+2 1. 73Ee3 Z.8Bi+4 2.7580) - 1.015+0 6.158<2
1135 2.68E«3 6.981+3 & .4BI<% 1. 11Ee4 - 5.251«3 2.57%3
Ce-134 3.738+5  B.4REeS - 2BTE«S v TEEed ) Dhled 7 2BEeS
Co-10¢ 3.90Eeh 1 GBES - 6 StE«d 1. 20Eeé 1. 17Eed  1.100e%
Ce-137 A TBEsS  B.21E<5 - 2.228«% 2.52E+6 B.40E+3 &.280+5%

Ce-138 3.318e2 6.2V8<2
Ba-139 $.36E-1  §.60E-¢
Be- 140 3.90k«4  A.90E4
Ba-tan 1.008-1  7.863%-%
Be-142 2.83E-2 3.70E-%

. BOE«2 & .BEEeT 1.88E-3 3. 24Ee2
€.225-4 3.768¢3 B.90E+2 1.%i-2
16707 1.27Ee6 2.185¢% 2.57E<}
J.O0E-5 1. 9&Ee3  1.98E-7 3.34E-3
2.396-5 1.19L+3 - 1.680-2

LN N T )

-

La-140 JAAEC2 Y TeEe2
La-ta2 €. 835-1 3.%WE-

oEet 4. SBEeS 4. 58E4
L33Ee3  Z.10Ee3 0.72E-2

- 1
- ¢
Ce-141 19904 1.3%0n - €.26E+3 3.6Z0+5 1.20E¢5 3,53E¢3
Ce-14) 1.86E+2  1.388<2 - 6 OEEet 7 9BEea 2.26E«% 1.93E«%
Ce-1ed Joa3Eet 1 430« - E WBEeS T 7BIe6 B.10Ee5 1. Balel
Preted 9.36F«3 3.758¢3 - 218043 2. 81E«5 2 .00E«5 4.84Ee2
Pr-té4 3.008-2 1.258-2 - 7.058-3 1.030e3 2.158-8 1.53i-)
No- 47 5.2%+1 6.10E3 - 1.5¢Ee3  2.2%E«5 1.738¢5 3.65042
w187 £ ABED 7. 0BEeD - - 2.908«6 1.85E«5 2.4BE+0
#p-235  2.30Ee2 2.3¢s1 - 7.008«1  3.76kes 1.19E+5 1.2814)



Nuclide
B-3
C-1
Na-ls
P-32
Ce-51

wn- 54
#n-56
Fe-55
Fe-5%
Co-57

Co-58
Co-00
Ni-¢3
Ni-65
Cu-t4

In-t5
In-e%
Br-82
Br-83
Br-be

| IS ]
k-8t
ko-E6
Fu-89
S1-89

Sr-9%
Se-§1
5r-92
Y-%

Y-Sis

y-9
¥-52
¥-93
2r-95
-9

NE-§5
No-§7
Ho-59
Te-95%
Te=-101
hu-103
Ru-10%
#u-1086
Bn-10%a
Ru- 106

- Vom
St-134
b-125
Te~1l%m
Te-1ilnm

Te-127
Te-12%
Te-124
Te-11'n
Te-131

Te-132
1-13%0
1-131
1-132
1-133

1-13
1-13%
Can1de
Cs~138
Cs-132

Ce-138
Ba-139
Be- 140
Ba-tan
Ba-tal

La-1a0
La-142
Ca-141
Ce-143
Ce-tas

Fr-143
Pr-t4s
No-147
"-187

Rp-339

hone

160844
1. 3854
18506

bR T 1
1.55E«¢

$.80E%
218840

1. BEEed
6. 8383

L

& 3EeS

1.08E+8
8.80E
§.52E90
2.98E+2
3.701-1

6. 61Ee5
1.6781
1.358«2
1.406Ee5
1.38E2

1.86E4
3. %E-1

1.38E-)
5.928-5
2.908)
1.92EC
LN T8 SN

1. 3854
430k«
7.36E4
& BEIeY
1.80E~4

2.0VE0
1. 35k«
7.108-2
LN TS 2
1.58k-2

3. 60Ee2
€.36043
3. 545
1.5%i<3
1.22E+4

E.BBEeQ
3.20E43
$.02K+%
5. 15K«
6.2085

4. b6E«2
1.3400
5 aTien
Y. A28~
3.701-2

47902
$.60E-1
F 1Y 2N
2.66842
U 23 20

13484
4.301-2
T.860+)
1.2081
3.368.2

Tavie 70-2 (tontinuved)

intalstion Fathway Duse Factors = TLIMACER

¥
{area/yr per uCi/e?)

Liver Thyroi€ Kidney Lung Cl-1lL]  Y.Body
1.270+3  1.270¢3 1. 27Ee) 1278 1.27E<) 1.270e3
CBTEed 407K« 4. 870«) A.B0F 3 4. BTEe) 4 8703
V. 3BEe4 Y DBEed V NBEed 1.037Le4 1 DBEen 1 36Fed
1.908+% - - - 5. 28E¢ 7. %eies

- 7.50E+Y 3.07E+1 2.%0Ee4 D3.00L+3 1.35Ee2

S 11kes - 127046 1. 9EE«t 6. 6BLe4 B.40E¢3
1. 10E«0 - 1.790«0 1. S2Eed 5. 74fed 2.528-%
2.3884 - - 1.248+5 €.35E«3 5. 54E«2
3.70E«4 - - 1.538+6 V1. 08E«S 1430w
6.92E+2 - - S.BBE+5 3. WEsd 9.20E+2
2.078+3 - - 1.34E«86 9 52E«4 2.78E4)
1,504 - - 0.73E+ 3.59E«% 1.9BE«4
L0 T4 2 - - J.0TEeS 1. 42E«4 1. 9BEed
2.93E-1 - - 9.36E¢3 3. &TEed 1.278-1
2.03E+0 - 6. 4150 1. 91Ee4  6.%Eed B .4BEY
1.36E5 - B bifed V. 24E«b & tbEed 6. 24E
9.208-2 - €. 02E-2 1.5BEe} 2.85E«2 &.488-)

- - - - - 182k
- - - - - 3 4ike2
3 - " - - 43382
. - - - - 1.831<)

1.908«5 - - - 1.778«4 £ . 400es
S.4812 - - - 2.92E-5 2.7282
3.52E<2 - - - 3.38E-7 2.33Ee2

- - - 242846 3.7%ES 1.25Ee4
- - - 1.658«7 T.65E«% & 680«
- - - €.07is4 2.59E«5 357840
- - - 2.7 kes 1.190«5 4. 08E-1
- - - 2.93E+5 5.5SE«5 B8.008«1
- - - 3.208+3 3.02F¢%7 1.428-2
- - - 2.94Eeb 4.09Ee3 1. T77Ee4
- = - 2. 6BEed 1. 65Ee5 4.29E-1
- - - 0.328«6 5.79E«% 3.72E<0
4. 50T - €. T4Ee4  Z.69E+86 1.4FE«5 3,158
2.7k - & 13Ee1 1 30E«S5 6.30E+5 1.26E0
1.03E~4 - 1.00Es4 7.5VE+3 §.6BE«s 5.60E«)
7.78i-2 - §.920-2 3.93E«3 2,17E«3 2.8kE-2

1,692 - A V1Ee2 1 54Fe5 2.69Ee5 3.22Ee
3.868-3 - $5.768-2 1.15E«3 6.13E+) 4.9%9E-2
8.408-5 - 1.52E-3 6.67E«2 E.72E-7 B.2eE-4

- - T 43Ee3 7.B3E4Y 1. 08E<5 B 96I<2
- - 1. 4150 YV B2Eed 9. 0dkes & 34i-1
- - 1.90Ee8 1.6%8+7s 9.60E«5 1.240ea

1.3454 - 2.50E«4 6.75846 2.73Ee% 7.65ke)
T.94E+2 9.7681 - B.B5E«6 3. 9BEe% V.0Bies
B.0BE<2 7.04EY - 2.74k+6 9.90Fed 1. 700es
3.34E+3 1,408 - $.06E«5 7.500ea B .470e;
0.96Ee) 4.3BE+) 6.54Fes 1. HLEeE 1.8B0ef 3 1B+l
§.12E-1 1.42E«0 7.20Ee0 1.12Eek B.CEBEet & 4Zi-!
6.58E3 &.58E+3 S5.15Fed V. 9BEed 4.05EeS 3 24743
3.38E-2 S.9BE-2 2.68E-1 3.30Be3 1.628e3 1.7¢4i-2
6.01EeY  7.25E¢t 4. 09Ee2 2.3BEeS €.210¢5 & 025+
B.32E-3 1.26E-2 6.1BE-2 2.34Ee¢3 V.50Ee1 3.0uE-3
2.90E+2 2.46E+7 V. 95Ee3 4.a9Ee5 4. 63Ee% 7 18ie2
1.795e4  1.49F6 2.75E+4 - 9.128«3 T.17E«)
A FIEed 1 4bEeT B ADEs4 - L L TR - 2
G383 18785 €.50E0) - 1.278¢3 1.581¢3
2.05Eek  2.92Eet 3. 59Ees - T.G3E-4  6.22143
2.32E+3  3,95Ee4  3.4660e) - 2.04E«1 B .4DEe2
S.04E+2 6.21E+5 1.490<s - €. 958«3 2.4802
1.13k«8 - N.75E¢5 T 46EeS G, 70Ee3 5 AULeS
1. %kt - 1.%0F+5 1 TBEed  1.090ed . A7E«S
B.ABieS - J.04E«5 1.2VEeS B.ARE«] . 1105e5
8.56E2 - €.628+2 V. BTEeY 2.706-1 4.46F<2
9 ohbi-a - B.BEE-4 6.40E<3 ©.458<3 3.90-2
6.70E - 2.28E«% 2. 03Eet 2.2Vi<5 3.%528e3
1.06E-4 - S BAE-5 3.29E«3 T.40E-4 4.74E-3
3.708-5 - 3.NE-S 1.9VE.) . 1.278-)
3.3¢842 - - 2.14ES A B7EeS  6.20K01
42584 - - 1.C2Ee4 1, 208e4 1.061-1
1.90k«4 - B.B8E<) 6.9E«S 1.26E+5 1.1754)
1942 - B.64E+7 1.30E«5 2.558+5 2.16%¢1
1.028ee - 139006 1.34E+7 B.64E+S 2.628¢%
5.31E3 - 3.08E43 4.831e% 2.%EeS £.620e2
1.7¢68-2 - T.0%E-2 9. 75E«3 2.3%K-4 3.%81-3
B.5¢E.3 - 5.028«3 D.72E«% 1.820+5 §.938<2
9. 7¢6E0 - - & . Tafed 1.77E«5 2 43S0
398k - 10082 G .4%Fed V. 3285 1.775e%

0ODCM-70
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Nutlice
-3
-1
a4
#-22
Cr-5*

- 54
fn-5¢
Fe-53%
Fe-5%
Co-57

Co-5¢
Co-60
Nise?
Ni-65
Cu-té

In-t5
in-tS
$r-82
Be-83
Br-ba

Bbr-05
Ro-bt
ho-86
Bo-05
Sr-49

Sr-80
Sr=%1
S92
=%

¥Y-§ie

Y-
Y-92
Y-9
2r-8%
Lr-97

M-85
w57
LB ]
Te-S5m
Te=101
ku-103
ku-10%
Ru- 100
kr-103e
Rn-10¢6

Az-110m
Su-13e
5v-125
Te-13%
Te-12%a

Te-127
Te-11m
Te-129
Te-13'a
Te-131

Te-132
i-130
-
1-132
1-133

I-13%
1-13%
Co-134
Ce-12¢
Co-137

Ce-138
Bs-138
Ba-140
Be-t4t
Ba-142

La-140
La-142
Ce-141
Ce-143
Ce-t6e

Pr-143
Pr-tés
LT
=127

Np-239

Tavie 70-2

{continued ]

Kio, intalation Pathway Dose Factors - CHILD

Bbone

3.5%0e
1. 6%
2 60kt

-

4 Jalied
2.07k4

0.2VE+5
i.955«0

LRI T3
6. J0E-2

5.99k+5

1.01E+8
1.2k
1.318e1
4. 11}
5.07E~1

LIRS T Y
2.068e8
1.8tE2
1.50E-8%
1.88E<2

2.35E-4
4.2%0-1
1.76E-3
&.10E-5
3.79i+3
1.53E+0
1. 3685

-

T.65Ee4
S 74k
T £
t.73E3
14500

2.77E+0
1.91E4
$.77E-2
1.3E2
2.17¢-2

o EVEe2
B 1BE+3
D R F S
1.128«3
S.06Ee4

1.178+3
& S2E+3
&, S1Ee5
6. 51k«
$.07E+5

.33
1.841e0
T ADE«4
1,908~
$.00E-2

PRYS O54
1.308«0
3,928
3.66Fe2
6. 77ks6

1. B5Ees
5.9%8-2
1.08Ea
163k
LS T 2

(erea/yr per pla/e’]

Liver Thyroid H&idney Lurg
T.126¢3  1.12Ee3  1.WJEe3  1.12Ee3
€. 73Ee3 6.73803 0.738«3 6.7384)
1.6 Eek 1 bTRed 1 0%Ec4 1. 8VEed
1. %E«S - - -

- 8. 5581 Z2.420+1 1.700e4
4. 295 - 1.008«4 V. SEEse
1.66i0 - 16760 1.3V
21.52k - - 11105
3. 30es - - 1,278t
§.038+2 - - 5.07E«$
1.77643 - - 1. %1k«
1.9« - - 7.07ke6
4. 63E - - 2.75E8
2.908-1 - - 8. 16Es3
1.99E«0 . 6.03E+0 9.5BE«3
1.13E5 - T.%6Eed 9. 95045
§.66E-2 - S.85E-2 1.42E0)
1.98E+5 - . .
5.62E2 - - -
3. a5Ee2 - * -
- - - 2.16k8
- - - 1. 48E-7
- - - $.3)Ee4
- - - 2.40L~4
- - - 2.8388
- - - 1.8VE3
- = - 2. 83E86
- - - 2.358
- - - 744100
4. 18E«s - 5.960e0 2.23006
.72k - 3,850+ 11388
9. 183 - B.628+3 6.94Ee5
71.708-2 - B.558-2 3.42[}
1.72E+2 - 3.90E02 1,355
3.48E-) - S.07L-2 9.51K«2
. 51E-5 - 1.45E-3 S.8582
* - T.03E«3 6.62E5
- - 1 340E=0 1. 5%Ees
- - 1 BLEeS  1.a3Ee7
1. 944 - 2.17E«6 S.ekiet
T.60E«2 1.36Es2 - 3200t
T.580«2 §.10E) - 2.320e¢
2.33E3 1.92E«3 - & T7EeL
B 55Ee3 £ .0VEe3 &.30EeA 1. 4BEet
$.5TE-1 1.96E+0 7.07E+0 1.00E«s
E.B5E«] £.33E¢3 5.00Eed 1.70Ees
3.50E-2 7.%E-2 2.57E-1 2.93Ee)
$.92E¢1 $.77E+1 4.00E42 7.06%¢%
8.64L-3 1.70E-2 S5.8BE-2 2.05@3
3.72Ee2 3.17Ee2 1.TTESD  3.77EeS
16666 1. BSEe6 2. 45E< -
A BVEsA 162047 T BEEYL -
4. 07E*3 1.94E+5 6.25843 o
2.03E+4 3. BS5Ee6 3 3Bies -
2,903 5.07Eea 3.30043 -
B.73E¢3 T.92E¢5 1. 34Ees -
1.01E+6 - 3.30Ee5 1.21Ee5
1.71E+% - §. 5584 V.43Ees
B.25E+5 - 2 8iEs5 1.04Ee5
B.40E+2 - 6. 2202 ¢.BVEsY
9. B4 - B 62E~4 5.77E¢)
€. ABE«Y - 2 VEeY 1. T4ke8
1.0%E-4 - G.A%E-S 2.92E¢)
3.608-% - 2.9E-5 1.64E02
2.2512 . - 1. B35
4.1 - - €. 708+
19584 - B 5583 5 AileS
1.9982 - B 30«1 1.95Ee5
2.12E+¢ - 19786 1.20E7
5,551 - 3.00F+3 4.330e5
1.85§-2 - §.778-3 A5TE0)
£.73Ee3 - & B1Ee) D 2BE<5
9.60ke0 - - & Y14
3,340 - G735+ S BlEed

-1

1.12E3
6. 73}
1. 0504
22k
1.088+)

2.9
12308
2.87k)
7.07E4
1320

E RS S8
S.62E
6,333
B oADE«s
3.7k

1.63E4
1.028 4

-

7.99E3
1.7204
1.851+0
1.6TES

3. A3EeS
1.740+5
L.ATEeS
2.680+5
1,728+

1. BeEeS
2.390+5%
3. 8585
[PRR £TY
3. 5488

3.7084
2.78i4
1.270+%
4 BEed
1.638e0
boABEed
9. 950a
. 28Et

1.00F%
1.64EnS
4. 03Es
3,388+
T.hekes

$.62Ee4
1.82E+5
2.55k
3,088«
1.33E3

1.385«5%
$. V153
2.B4843
3.20E<3
5.4BE<Y

9.558+2
TS 25 )
3.850e3
& 1BE«D
3.62843

2.70E2
S 770
1.028«%
2.758+2
2.76k00

2.26%+%
T.59E4
5.6
1.278-5%
3,895

9. 73k
1.8782
E. 210
9§ 10k
6. &0E%

T.booy
1.1284)
& 733
1. 8Viek
LN LISTY
1.5482

9.518)
3.02E-
1.778+3
1,670
1.07E+)

3.16E<)
2.26104
2.B0E4
1.84E-1
1.07E0

7.0388
8.938-3
2.0%i4
LY T
$.48E<2

2.5381
1.06E5
3 btEe2
2.90E<2
1. 728«

6 bLEet
4. 580
$.25E-1
19002
1.846E-2

PR Y
5.818-1
5.11keD
3.70Ev4
16081

6.55E«3
3.808-2
4. 36E41
$.771-2
1.068-3
1.078<3
§.55E<1
1.6584

LR T 2]
2.008+a
1.070
L 1Y 20
3.02E«3

1E-1
wtel
IKi-2
(35 28
L H9E-3

LR

A3Ee2

aaf+l
LT3Ees
LBEE.)
L7083

e e

S.951+2
&%kl
2.25E+%
1. 16845
1.28E<5

$.55E«2
$.378-2
€.33E4)
6.3¢6E-)
2.7%E-)

7.55041
1.2%9E-9
2.90E3
1.87E1
J.eiEes

§.14fe2
3.00E-3
6 BiEe2
4.238+0
2.3501
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Kuclige
H-3
C-14
he-it
P-32
Cr-51

¥n-5e
Mo-5¢
Fe-t%
Fe-55
Co-57

Co-58
Co-o60
*i-t)
Ni=t5
Cu-bs

In-05
in-t%
Br-82
br-23
Br-84

Br-g%
Eb-8¢
ko-88
Ro-8%
Sc-89

Sr-%0
Sr-91
Sr-%92
Y%

Y-5la

Y-
Y-s2
Y-93
2r-85
r-§7

No-§5
h-§7
Ho-9%
T~V
Te-101
Re-103
Ru=10%
Ru-10¢
En-103a
Kt- 100

A1 0w
SL-124
Sp-135
Te-12%
Te-127%

Te-127
Te-11%
Te-129
Te-12%0
Te-121

Te-132
1-130
1-33%
1-132
1-133

1134
1-13%
Cs-13s
Ca-13¢
Ce-137

Cs-138
Ba-13%
| YRR
Be- 14t
Be-tal

la-142
Le-142
Ce-tat
Ce-14)
Ce-te4

Pr-143
Fr-tee
Mot
w187

Np-239

Tatie 7 0-4

{oont ynued )

Fie, Inhelation Pathwey Dose factore ~ INiANT

H

{orea’/yr per uli/e?)

bone Liver  Thyroid Rigney Lung

» G ATEY 6.47Ee2 647042 64702
J.65Eed 5.310«3 5. 30Eed 5. 31E¢3 5. 31Ee)
V.06E«4 Y. DEE+4 1 06Es4 1. DLEes 1.06E+4
Z.03E%6 112045 - - -

- - S.75E«Y 13284 VL2804

- 3.530« - A SBied 1.00Eet

- 1,580 - 1.10E«0 1.250«4
1.978«¢ V. 17Ees - - B 6VE~s
1.308«%  2.358 - - 1.02E+¢

- 6.5182 - - 3.7%E+5

. 1.226+3 - - 77708

- 8.02E+3 - - 4 51kt
33905 2.04E46 - - 2.09E+5
2.3%E«0 2.84E-1 - - 8. 12i43

- 1. 8BE0 - 3.96i<0 9.300+3
1.93E04  6.20E4 - 32584 €. 4705
$.38i-2 S.671-2 - S.02E-2 1.47Ee)

- 1.908+% - - -

- 5.57E«2 & - 3

- 3.2182 - - =
3. 9BE«5 - - - 2.03k~%
& O%ieTd - - - 11287
9. 568+ - - - 5. 26kes
1,05k« - - - 3384
3.298+3 - - - 2 6905
& .07E-1 - - - 2.7953
S.BEE«S - - - 2. 6588
T.baken - - - 3,655
1.5082 - - - T bhEes
1.1585 2.790e4 - 3.\ VEeh 1. 758t
1.50E«2 2.56&-" - 2.59E+1 11088
LSTEYA 603 E0Y - 4. 7283 4. 790e8
3. A2E-1 7.29i-2 - $.70E-2 3.32E4)

- 1.658«2 - 2. 6582 1.35E-S
1.40E-3 2.88i-) - IME-T 6. V1Ee2
6.51E-5 8.23-% - §.78i-4  5.84fe2
2.02k-3 - - 4 24E<) 5.520%
1.228+0 - - B.9%E-% 1. 5%%«a
B 6BE+s - - 1.07E«5 %.2&Ee7
§.9EE«3 2.2214) - 1.098«4 2. 67kt
3.79Ee4  5.58E42 1.010e2 - 3.650+4
$. 1700 4.778¢2 $.231e1 - 1.64kek
S TRE«) 1 99143 1.8214) - A ATEsS
T 67Eed 6.908¢3 &.B7E¢) 3.75Ee4 1.3%0¢6
2.23E+0 9.53-1 1.85L«0 4.BEESD 1.03Ee4
T.4TEe4  6.0%E+3 S.478e) D3.1B5eé 1. 6Bieg
T.B8E-2 3.47E-2 6.75E-2 1.75E-1 3.00Fe)
10783 5.50E«) B.93E¢Y 2.65Ee2 1.995e5
1.74E-2 $.228-) 1.9BE-2 N.9%E-2 2.06L¢)
3.72E¢2 2.37E+3 2.79E¢2 1.03E«) 3.400¢%
€. 36E+3 1.380e4 1,600« 1.53Ee4 -
3.7Es4 A MhEen Y MBET 5. 1B1ed -
18903 3.54Ee3 1.49E+5 13,9583 -
T.02Ee8  1.928e4  1,560¢6 2.24Fes -
S.21Ee2 1.BBEe] 4.ASEed 2.0WE) -
3 86«3 T.60E«) 6.988¢8 E.47E¢2 -
3.96k+5 7.035<% - 1.80E«% 7.9784
& B3Eed  1.35§.5 - S.6LIek 1. 1BEs
S.45E+5 €.128+5 - 1.72E+% 7.130%
S.05E«2 7.818e2 - &.I0E2  b.54K1
1 4EEeD 9. BiE-~4 - 5.9%0E-4  5.%5002
$.60E+4  5.00ke1 - 13487 1. 6Dkt
1578~ 1008~ - €.508-% 2.97143
3.988-2 3.308-5 - 19005 1.568<)
$.05E+2 2.001+7 - - Y.08EeS
1.038«0 3.775-1 - - .22
2.778%  1.070%4 - $.25E«3 S5.170e%
2.928«2 1.931<2 - S.048e1 1 MRS
31986 1.2%00¢ - $.3Bi% G.8iket
1.408«4  5.2¢E<2 . 1.970¢) 4.330+5%
4.79E-2 1.858-2 - €. 7283 1.01E43
T.9E«3 B.13ie2 - 31583 3.228%
1.308«1 9,021 - - 3. 8tEes
3742 3.32i0 - 6. 62Ee S.9SEes

CI-Lil

€. AT
.30y
1068+
1670
3.5%82

7.06E)
T 170en
1.080«3
3.4Bkes
4 boisd

To1Ee4
398k
2.4284)
5.0k
1.50i-8

5 14k
1.328

3 0uf-3
3.3%Ee2
6.8281
6. 40

13405
LT £5Y
1.400+%
1. 0685
2.351+3

.03
1.870%
1.86785
2. 178
14005

1,378
2.6%85es
& BTied
2.03i4)
§ daiel
Y. 61Eed
4 BaEed
1.66ke8

3. 308
5.5k«
1. 674
1.290+
2,730

2.6450
€ S0fea
2438
1.15E%
$.22i+2

4. 400
1.968.3
1.06E3
1.908«3
2.08843

1.281<3
1.83i+)3
1.3384)
1.4383
1.33i<)

076842
5.0k
3 Baiea
4.758<3
9382

B aEien
5. 958
PR T T
ST
1.46E+%

3,721+
4. 2803
.10k =4
3 Sekes
T AGies

1. Booy
6. ATE2
5.3
1.0k
R Y 1Y
& 95k

4. 863
.21
3.334)
9.4EEY
G ANEe2

1.82E«)
1. 085
1. %6Ee4
1231
704k

3100
7.988-3
1.338«4
3. B1Ee2
S 00Ee2

2.04001
B BlEes
2.87E02
2.06k3
AR TY 23

2.5.04
3 hpten
3.9%-1
€ B2
1.3%9i-2

1.578e4
4. 018
4.07E«0
2.03in
147k«

3.788)
2.438-2
3. 23k
3.728-2
8.121-4
6. 782
4. 0i-t
1.06E«4

$ 0082
1.300
1. 085
6. 58842
2.078+3

4 8%
3.23043
1.86E-2
363k
5.00E-)

1. 7612
§.57E-3
1.96E0
1.26E3
5,608

6. 6582
2.77E43
T A5k«
5.2%0+4
& 550

3.98E2
4.308-2
1.900)
4 9%E-3
1.%81-3

S.158
. 0af-2
1.990+3
.20
1. 7085

6.9952
2.4%E-3
$.00Eed
3.12E-0
1. BBE«1
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Tabtie 7.0-4 (continued)

Fiw, Crass-Cov-Milh Patheay Dose Factors - ADULT

(-ranfyr per uli/a’) for ¥-3 and C-%
(o? 2 mrea/yr per uCi/eec) for others

Nuclioe Bone Liver  Thyroid Kidney Lung
h-) - To63Ee2 V.630e2 7.63Ee2 7.83Ee2
C-1a 3.63E«5 7.26Ee4 7.36Led 7.26Ee4 7.2b01eé
LI 2.56Eet 254+t 2.54Ke6 2 .S4Eef 2. S4Let
¥-32 L7190  1.068+% - - -
Cr-51 - - T.71Ee4 €.30E«) 3. BOLea
LI 1Y * B.4A0(«t - 2.508«¢ -
M- 50 - 4.23E-3 - 5.38E-) -
Fe-55 2.518¢7 1730 - - 9. 6758
Fe-t% 1.9BE«7 7.008e7 - - 1.95Ee7
Co-57 - 1.36i~¢ - - -
Co-56 - 4. 7218 - - -
Co-6C - 1.64E«7 - - -
Ni-g3 £ TIEeY 4. 60EsE - - >
Ni-6S 3.7CE-Y ALBE-2 - - -
Cu-té - FIU I TN - 6 OBEes -
lo-¢5 1. 3708 4. 36ie% - 2.927 .9 L4
In-¢8§ - - - . -
Ar-82 - - - B -
B:-83 - - » - »
Br-pa - - - -
Br-g5 - - - - »
k-8t - 2.55E-% “ ] g
ku-pe - - - - -
Fr-g% - - > - -
Sr~89 1. 4589 - - . -
Sr-%0 4 bELeD - - - -
Sr-%3 3.13%e4 - - - "
$1-92 4. B%E-1 - - - -
¥-50 7.07E01 - - - o>
Y-5ia - - - - -
¥-91 E.60E3 - - - -
¥-92 S 42E-5 - - - -
Y-%3 3.33E-1 - - - »
2r-9% S.468«2 3.03Ee2 - & T6ke2 »
Lr-%7 4.268-1 B.%91-2 - 1.3CE-1 -
¥b-95 B 25Eed 4. 59Ee - CR e -
Khe-§7 - - > » &
Mo-95 - 4. 52807 - . 5.72147 -
Te-S9n 2.25E¢0 9.1%Es0 - 1.40E«2 4.50E0
Je-101 - - - - -
Ru-103 1.62k3 - - 28982 -
Ru~10% B.57E-e - - 1.1%8-2 &
Ru=10¢ 10ai - - 3 Seies -
Rh-105e - L " - .-
Kh-108 - - - - *
As-110m S, E1EeT 5.39Ee7 - 1.065«8 -
Sv-124 3.57E«7 4.B6E+5 6.24Ke4 - 1.008-7
Sb-12%5 2.0ak+7 2.28i«5 7.0BEed - 1.58E-7
Te-1258  1.t38¢7 S5.90Eeb & . 90Eet 6.630+7

Te-1i7m 4. 5BEeT 1.64E¢7 1.17E«7 1. BbEeH -
Te-127 €. 7282 2.4%0e2 & 9EEel 2.74K¢) -
Te-125m  6.04E«7 2.25E+7 2.08i«7 2.52i+8 -
Te-175% - » e - -
Te-13ta  D.6%EeS 1.77EeS 2,80E«5 1.790e¢ -
Te-131 - - - - -
Te-132 2.3%E%0 1.55E«t V.71E«€ V. 49Ee? -
1-130 A.20E+5 1.26E6 1.0TE«B 1. StEet -
3= 2.96E«F & 24E«B 1.35E0V1 7.275+8 -
1-132 T.64E-1 & 37E-Y 1.53E+Y 6.978-1 -
1-133 3.57E6 6.900et V1.0VE¢9 11,2087 -
1-13s - - - - -
1-13% 1.39E«a  3.43FEe6 2.40E«6 5. Blles -
Ce-123 L. 6509 1. 348000 - & 350e% 1 44EsY
Ca-132 . 81E«8 1,089 - S.9408 7. .87Ee7
Cs-137 T.38E+% 1.0% 10 - I AT 1. %iew
Ce-132 - - - - -
Ba-13% 4.708-8 - - - -
Ba- 140 2.695+7 3.38Ee4 - 11584 1.935«4
Be-re - - > - -

| TR - - - - -
la-140 4. A9E«D 2.26E0 - - -
Le-142 - - - - -
Ce-141 & BLEed 3.27E42 - 1.52E3 -
Ce-143 A 15E«Y 3. 09E+4 - 1.3601 -
Le-1ak 3.58E«5 1,505 - B BTiea -
Pr-143 1.59E+2 6.37F1 - 3.0BE«1 -
Pr-tss - - - - -
no-1a7 S 47FeY 1.095e2 . 3781 -
*-187 6. 5683 5. 4BL«3 - - -
Np-22% J.etie0 3.00E-% - 1,12E«D -

€I-L1

7.63E+2
7.6+
2.%686
1.820+%
7.20E~8

2.57E47
1.35E-1
§.9586
2.23k.8
3.258¢7

9.57E47
3. 0BE«8
9.73k7
1.328+0
3.05E+8

2.75Ee%

3.72E«7
1.49E-

5.410«8

2.331+8

1.35E5
1.495%
9. 6BE<0
7.50E+%

4. 73kt
S a%E-1
7.3%5e2
9.620+5
2.6bEes

2.7%0+8
54788
585847
LYY 25
1. 185
5.348-1
1.338+0

&.20EeN0
7.311-¢
3.250+8
6. S0E+7
1.5488

5.3084
3.04ke

1.7587

T1.32847
1.0Bi«t
1. 12E«8
8.22t-2
6. 200t

€. 1084
2.350-8
1.170«8
1.9508

[ 3619 &
S. 5487

1.66E+5
3038
1.258+7
1,914
.36

6. 96E5
$.23Ee5%

1.800+0
1.3%0

T.booy
7.63E+2
7. 2684
2. 54k«
& L0«
2. Btien

1. 6080
T.515-4
& OaErt
268047
213k

1.06k+7
3.62E07
2.260e8
2.988-2
1.93E«4

1.570%

3.258e7
103K

12169

41687

115820
1,273
2.1%8-2
1.90Ee0

-

2.3082
1.588-¢
€.43i-)
2.0582
3.938-2

T.470w
4. B0L+¢
117k

43582
3. 3854
2.58843

1.458+¢
4. SukeS
2.0000
1831
2.%0k+8

1.34E%8
1. 10810
742848
S.61E+%

1.980-%
1.76k6

5.978-1
3.710-2
3.4280
1,92k
7.885+0

6.5080
1.928+
1,988+
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Ruclade
R-3
C-14
ha-24
P-32
Cr-51

*r- 54
nn-56
Fe-55
Fe-t9
Co-37

Co-%8
Co-b0
hi-63
LIS
Cu-ti

In-6%
In-69
Br-82
Br-81
Br-be

Br-8%
LIS 1
Fu-ge
ky-p9
Sr-29

Sr-%0
£r-91
Sr-92
-9

Y-§le

-9
¥-92
¥-93
2r-95
2197

Kb-95
Ku-§7
Ho-99
Tc-%om
Te-101
Ru-10)3
Ra-10%
Eu-100
kr-100e
Eh-108

Aa-110m
Sv-134
£4-12%
Te-13%
Te-1llm

Te-127
Te-17%
Te-12%
Te-130
Te-121

Te-132
1-130
1=
-1
1-133

=14
1-13%
Ce-134
Ce-13¢6
Co-137

Ce-132
Ba-138
| TR
Ba-1a1
Ba-ial

La-teD
La-%2
Ce-141
Ce-142
Ce-tia

Fr=14)
Fr-tée
Ko-147
Ul

Np-239

Kie, Grass-Cov-Milk Patheay Dose Factors - TEEMAGER

Table 70-4 {continued)

(wreafyr per pCi/e?) for H-3 and C-14
(®? 5 mrensyr per pli/eec) tor others

Bone Liver Thyroid Kigney Lung

- 9.94Ee2 9. 96Ee2 Y.90Ee2 % SEe2
& . 70E«S 1. AEeS 1 34Ee5 1.345¢5  1.34E<S
LR E1 N BT £5 I T ST ST ST Y

3350410 L S5EeY - - -

» * 2.78E«4 1004 T 100

- 1.40E«7 - 4. 1758 -

- 7.8%-) - $.501-3 .

S ASE«T  3.M6Ee7 - - 2.00E«7
S.20E«7 1.2V0e8 - - .87
- 2.25E6 - - -

- 7.95E8 - - -

- 2.7887 - - -
1. 98E+10  B.350E8 - - -
6. 78E-1 B.00E-2 - - -

- 4. 29k - 1.08E5 .
L.V1EeS  7.300e9 - . 6BEeS -

- 4. 73K+ - - -
2.67E% - - - .

6. 610«10 - - . -
§. 75Kk - - - -
E.95E-1 - - - -
1.305e2 - - - -
1.58E4 - - - .
1.00i-4 - - - -
4.308-1 - - - -
Y.65E«3 5.228e2 - 767842 »
72587 1,838 - 2.33E-1 -
1.41F+5 7,804 - 7. 57k -

- 4. 5¢E07 - 1.04k+8 -
5.64E«0 1.57E« - 2.34E+2 0.730e0
1.81E+) - - 6.40E3 -
1.57¢-) - - 1.978-2 -
1.7584 - - 7.23E% -
§.638«7 §5.11EY - 1,76k -

4 45E«7 B .AbEeS V. D&EeS - 40157
J.65E«T7  1.99Ee5 3.490es - .27
3.00E«T 1. 0BE<7 B.39i8 - -
B AGE«7 2.99E+7 2.0%E¢7 3.420¢8 -
T.20E«3 4. 41Fe2 B.591+2 5. .04F4) -
1.90E+8 4. 10Ee7 3.57E¢7 4. 42E<8 -

- - - 1.676-9 -
6.5TE5 3.95E+5 4. T4Ee5 3. 20Eed »
4.28E«6 2.710«6 2.C6E¢ 2.608+7 -

T ASE«S 2.17E«6 1.77E«8 3. Jhlsk "
S. 38«8 Y. 53EeB 2.30Ee11 1.308+9 -
2.90E-1  7.500-1 2.36E«1 1.20E+0 -
T.36Es6  1.238¢7 1.728+9 2.15(7 -
24704 6.35Eeh & OBEet 1.D0FS L
S EE9 2.30E«10 - T.36ksY  2.008+%
& ASE«B 1. 7559 - $.5%i«8 1.500¢8
1.346E#10 1. 7810 - 6. 06E«9 2.358+%
66518 - - - -
4 8507 5.95Ee4 - 2.020+4 4 .00k
€ OLEeD 3.98fe0 - - -
8. 87Eed 5.92843 - 2.75i-3 -
T.6%+«1 5. 00Fet - 2.5 -
6. 580+5 2.728+% - 1.863E% -
3.928+2 1.Y7E<2 - €. 77k -
T.0VEe2 1,87k - 1.%682 -
1.20804 9. 7813 - - -
L. 99Ee0 6. 5911 - 2.07E+0 -

ci-ul

.90
1,348
4,440
2. 6509
84Dkt

2.87847
LR 2 B
13787
2.870
&5k

1.10E«8
J.b2Ee8
1.33E+8
&.70E0
3.33k¢

J.10E+%

-

7.00E+8

3. M65<8

1. 8L+
2.600+5
2.28E
1.07E+6

-

6 ABE<t
2.758«0
1.0
1.200+6
415K«

3.34E¢8
6. E-8
8. 1617
1.03E4
1.5285%
1.2880
1.80k«¢

2.56810
.35k
3.84iek

BEEeT

Ltufer

L) T
JALER
JARE-S
L5387

-

s e .-

LSBT
EThet
LAVEeE
3,511
.30kt

e ad

T.03E
2.8708
1,400+
2.530+8

7.758-7
749847

2.270+%
2.2317
1.698+7
.68k«
1. 6008

S 055
T.V1E5
2. 4588
1.068+%

T

. Body

-————

L R

3

1
¢

L)
3
2
3

$
1

2

?

1
e
1
5

Sl
L3akeS
ahier
L220eY
LO0E

.TBEst
33D
ket
SBBEe?
LT6Eed

A3Ee7
L26EeT7
Q1EE
CMeE-2
024

AYEeS
SbaEeT
e

LATEeY

BT

1.63E+00

b
3
3

4

3
?

-

?

3
“

|
4
1]
.
1

- .

i

i
&
.
H
3

L3982
-2
S0k

-

1 £
LS0E-e
JABE-2
59Ee2
JOLE-2

L 30Ees

696
B 2

582
.08t -4
JT3Eed

Safe?

Thie?
Shiet
L2ttt
JO0EeT

LB
.7

Sk

-y

R3S

L5588
HLEeD
N 2

281
LT5E8

35K

1.07E«0

1
3

2
3

¢
¢
3

1

1
3
3

JABEsS

L20E+%

53E-9
A3Eet

.05L-0

BVEeR
2580
Saiee

ASEe
B
A3Ee3
S6E-1
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Table 2 0-2 lcontinued)
Fie, Ciosa-Cov-Milh Pathuay Doce Factors - CKILD

(wrea/yr per uCi/e?) for H-3 and C-14
(o x srew/yr per uCi/eec) for ethers

huclite Bone Liver Thyroid NKidney lung ci-11
B3 - 57043 15753 1, 57ke8  1.87Ee3 187842
c-1a 1.65E06 3.29Ee% 3.20E5 3.298¢5 3.200¢5 3.29E¢%
ha-ik §.23kv6 9.23Eet 9.20Ee6 9.23L¢6 9.23E<b 9. 2308
P-32 TITEs10 3. 64ley - - - 3. 1588
Cr=51 - - S.60Es6  1.55Eed  1.03Ee5 5. atfes
"o 54 - 1.0%i«7 - S EVEet - 1.76807
®n-b6 - 1.318-2 - 1.58E-2 - 1.90i+0
Fe-55 1.92E+8  5.93E7 - - 3.358«7 1.9%0ke7
Fe-5% 1.20E+8 1.95E8 - - 5.658«7 3.03ie8
Co-57 - J.beket - - - 3.%E47
Co- 58 - 1.2184? - - - 7.08E+7
Co-80 - 4.32807 - - - 2.3k«
Ni-b1  2.96T410  1,898e9 - - - 1.07E«8
Ni-b5 1.06E<0  1.56E-1 - - - 1911
Cu-ts - 7.558 - 1. 8285 - 3,54k
Zo-65 &.92Ee9 1.10E+10 - 6. 9eEe0 - 193848
Jn-69 . - - - - 2.%4E-9
Brekl - - - - - -
Br-€3 - - - - - -
Br-bs - - - - - -
br-8S - - - - - -
Hb-6¢ - 6.77k% - - - 5.640e8
Kp-8E - - - - - -
Re-65 - - - - - -
Sr-89 t.62Ee% - - - - 2.5¢E«¢
Sr-%0 1. 1281 - - - - 1. 5188
Se-91 1 4105 - - - - 3.1284%
Se-%2 2.18E<0 - - - - 4 Teles
Y-90 3.32E%2 - - - - 9. 95E+5
Y-%la - - - - - -
¥-51 3.9« - - - - 5.2%k«6
1-52 2.46k-e - - - - 7.108+0
Y-83 1.06E«0 - - - - 1.575-4
Tr-9% 384K} B.ASEe2 - 1.2} » B.B1E«S
=97 1.85E«0 J.73E-1 - 3.918-1 - A N3E
Ne-95 3.MBE+5  1.24E«% - 1. %605 - 2.2%i«8
No-§7 - - - - - 14586
Ho- 86 - €. 3587 - 1.7788 - 6. BLET
TS5 1.29E«1  2.5i+1 - J.6BE<2  1.290¢1 1.44iea
Te-101 - - - - - -
Ku~103 4. 0513 - - 1.06f+4 - 19004
Ru- 105 3.82E-3 - - 3.36k-2 - 2.45Ee0
=106 9.2k - - 1.258+5 - 1.4kiet
Rh-103e - - - - - -
En-100 - - - - - r
Ap-110m  2.09E+F 1.4%0e8 - 2.630e8 - 1.68Ee%0
S5-124 10988 1.4%E«B 2.40E5 - €.03E«7 &.750«8
$2-13% B 7007 % atfet 8. 0ties - 4. 85E«] 7.08Le8
Te-1258  7.38E«7 2.00F«7 2.07E«7 - - 14287
Te-127e 2.0EE«E S5.60E+7 4&.97E«7 5.930¢8 - 168048
Te-127 3.06E+3 8.25F«2 2.12843 B.71E0) - 1.208+%
Te-12%s  2.720+8 7. .830+7 B.7ELeT 2.00L<F - 3.321s¢
Te-12% - - - 2.878-9 - 6. 1288
Te-131a  1.60E+6 5.538¢8 1.%4E+6 5.35E«8 - 2.0407
Te-131 - - - - - -
Te-132 1.02Ee7 4. 52Eet 6.5BE«6 4.208¢7 - &.550«7
=130 1.75E«¢  3.5eEet 3.500«8 $5.29E6 - 1,660t
I-13 T.30E¢8  1.310e% 4.345«11  2.158¢% - 1. 1758
1-132 6.865-1 1.26E+0 5.858+1 1.93Fe0 - 14810
i1-133 $.78E7  2.188¢7 4.D4E+9 3.63E47 - B.778et
1-134 - - - - - -
1-135 5.84E6  1.05845 9.30E¢b 1.6104% - 8.00k+4
Co-134 2.26E70 3.7%Ee0 - 115800 4. 13«9 2.000<8
Ce-13¢ 1. 00E«9 2.70E+% - 1406 2.19E«8 §. 70147
Co-137 3.228+1%0 3.0%E+10 - 101210 3.628+9% 1.93i+8
Ce-132 - - - - - -
Ba-13% 1.%E-7 B - - - 1.338-%
Ba-1al 1. 1788 1.03Ee% - 3.36Ee4  €.10Een 5. Saie?
[TERrE - - - - - -
Be- 143 - - B - - -
La-140 1.93E+1 6.7+ - - - 1.88E-5
Le-142 - - - - - 1.518-6
Ce-141 2.95Es4 1, 090+4 - 4,783 - 1.368+7
Ce~14) 1.85E+2 1.021¢% - 42951 - 15084
Ce- 144 1.6dist S.09E+ - 2.BIEe5 - 1,335«
Pr-143 T.238+2 2.17%s - 1.17k2 - 7.80E5
Fr-4d - - - - = -
RO-147  L.ASEe2 3.60F+3 - 1. 9873 - S.71Ee8
S-1p7 2.9V 1. 7284 - - - 1. 4256
hp-239 1.92E<%  1,235<0 - 3.8%E0 - LIS

T. body
1.578)
3.298+%
.20
3.00k«%
1.02E+%

558k
2.958-3
L T £
$. N0
1. 7708

3.72E7
1.370-8
1.0%
$. V-2
.56k

. B5EeS

11588
4. 6%E-1

5.390e9

1. BSE8

2. B3Eev0
$.3353
8.7sk-2
. 6150

-

1.06E+3
1.03-¢
2.908-2
7.52842
1.6

8 Beiva

2.05E+7
4.208e2

1.65842
1.351-3
1.15E+s

1.9558
.01
1.828+7
S . Bites
3457

$.56F«2
4. 3307
5.8515

S.atiet
1. BiEee
T.abiep
$.80E-1
£.23i¢

4 9754
7.83E+9
1.78E+9
4. 55E.%

6. 19E-9
6. Baist

2.37k«0
16283
AR LR
B obies

3.59541
2.79%i

7.73E3
8.e8L-
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buclide
-3
L
Ke-24
-2
Ce-51

Mo-5a
-5
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-ed
NietS
Cu-ta

In-¢5
In-¢%
Be-82
Br-£2
Brebe

Br-85%
(228 11
Fo-ge
Ru-¢%
St-8%

S5r-%0
Sr-91
$r-92
¥-%0

Y-5'a

-9
Y-92
¥-91
2r-95
2:-87

Ne-935
Ne-97
¥o-9%
Tc-95m
Te-101
Ru-303
Ru=~10%
Ku~10¢
Freille
Eh-108

Ag-1108
St-124
Sp-12%
Te-125%
Te-1ile

Te-127
Te-11%
Te-128
Te-1la
Te-1)1

Te~-132
1-130
J-1n
1-132
1-133

1-13e
1-13%
Ce-134
Ce~130
Cs-137

Ce-138
Ba-136
Be- 140
| TERTS
Ba-tal

La-140
La-42
Ce-ta1t
Ce- 142
Ce~1ad

P-4
Pr-tas
No-147
187

Np-23%

Table 70-4 (continued)

bie, Grsss-Cov-Milk Fathwsy Dose Fectors - IRFaNT

Bone

-

3
1
1.

1
2

L3kt
LBVEeTY
601

L35Ee8
L25Ee8

-

34880

3

5

-S1EeD

.55E«%

L I

A

1.2¢0E«0

1,321

2
T
L

-0

- - - w

[ R e A

1
3.
1
5.

“
i

.
..
2.

1

(SRR

2
3
1.
1
3

LTS T
¢3£+0
SBOE«2

-

J33Eee

e 2

~d5E<0

JB3Ee)
.99«

L93ke5

«6YEe1

B5Ee3
LOLE-3
S0EeS

.BLE«B
JOSEe8

ASEes
CSVEeR

AVEt

5063
$95e8
-06E-9
LIBEet

LA0E«Y
LB0E+$
T2Ee%
LA2Es0
717

25
t5Ee0
.SbEeS
15890

-

5587
AR

L0381

it
002
33kt

LASEsY
N Vi
B 2
bk

(wrem/yr per uCi/e®) for H-) and C-14
() xmren/yr per uCi/sec) for others

Liver  Thyroid Kidoey Lung CI-LLI  T.8ody
238543 Z.38E+) 2.380+) s.)ll'! 2.38E+3 23884}
O .B9E«S €. 6505 6.890+5 6. 8905 ©.BYEeS 6.0VEe5
V.6T1Ee7 V. 6%EeY 1.6%E«7 16107 16307 1.6VEeY
L B4 S - - - 29769 &.2%0%

- 1.05E¢5 2.30E+4 J.05E+3 & . 7Vieh 1. 6005
3. 89847 - B b3kt - 1.630«7 B 83Ev6
3.2 - 2.768-2 - 2.9%0«0 5.53-)
87287 - - 42787 A NMEeT 2.33E0Y
3.93E+8 - - 19608 1. BEE<B  1.55Ee8
B V508 - - - 30507 tesie?
2.43E47 - - - G.05E+7 6.06E7
8.81E07 - - - 2.%0E«8  2.0bis#
2.16E+9 - - - 1.0708 1.215+9
3.$7E-Y - - - 3.028«1 v 81K-1
1.8BE«5 - 3. 1705 - 1.85E«6 B.05Ev4
1.90E«%0 - S 2368 - 167510 B.781+9%
- - - - 7.3¢6E-9% -
& > ” - b 1.9u0e8
- - - - - 9.958-1
2.22E=10 - - - S.68E«B 1.10E«1D
ol - - - 2.59E«8 D bliek
- - - - 1.52E+9 3.10E«%0
- - - - 3. ABEeS  1.06Kkes
- - - - 5.0%keY 1.73E-1
* = - - 9.35E«5  VL82E-0
- - » ’ 5.26E«6 1.950e2
- - - - §.971+0 1.47F-5
- - - - 17806 $.138-2
1.66E<] - 1.7%5«3 - B.28E«5 1.18k+3
¢ BSE-Y - 6. 9101 - 4370 313841
2.4MEsS - $.7585% - 206048 1.4%0e%
.- - - 3.8~ -
2.12E+8 - 3,17k« - 6.98Le7 4.13107
5.55E1 - S.97E«3 2.900«1 1.61Eea 7.15E02
- - 1. 8104 - 1.06E+5 2.91E<2
- - $.928-2 - 3,210 2.701-3
- - 2.25E+5 - 16400 2.38L
$.BlEeE - 4. G3E8 - 1.46E+10 1. BoEek
3.08E«6 §5.5¢E+% - 1. 3908 G.ALE«R & 0957
1.458«6 V. BTEeS - S. 38k« 1.95E«8 3. 07E<Y
5.04E«7 S5.07E«7 - - 7.9BE«7  2.041<7
1.AGE«E 1.22E8 1.04E«9 - 1.70iE 5.100«7
2.9BE+3 S5.29E¢3 1.%9is - 1.36E+% 1.401042
1.92E«8 2.15(«8 1.A0E+S - 33408 B.0210Y
- 1.75E-9 S.181-9 - 1.668-7 -
1.38E+6 2.7¢Eeb 9.350e8 - 2.2%8<7 V. 1%0ke0
1.04F«7 1.54E«7 6.5 - 3.8%+7 9.7t
7.92k¢6 8 BRE+B B.70%t - 1.70E«6 3 .18k+8
3.210¢9 1058412 3.75Ee% - 1.15E+8 1.4%0e8
4. B9Ee0 11,3582 3.22E0 - 2.340«0 1.031s0
S.8VE+7 9. BLEeT  6.36E47 - 9.30E«6 1.58F¢7
- 1.01E-% - - - »
TAVE«S 2 9687 Z2.6%E<% - B.74E4 B BUE+a
€. BUE«1D - 1.750e90  7.9BE«% 1. BLE<R 6. 878+9
5.77ke% - 2.300:% 4. 7008 B.0bE<7 2.158«9
6.020+10 - 142010 6.550%9 A BEEeF 4. 2709
- - - - 2.888-5 1.33E-8
341845 - S$.730s4 1 4RE«S 5.92E+7 1.3a047
1.55841 - - - T.87E+% A 0900
- - . - $.218-¢ -
2.64E+4 - 8,153 - 1.378+7 3.9152
2.65E-% - 7.%3k0 - 1.558«6 3.020+%
$.528+5 - 38515 - 1.330«8  1.300+%
5.598+2 - 2.081«2 - 7. B%0+5 T.4%Le%
§ 0LE«2 * 34582 - 5.7aE+5 5.85801
4 Jies - - - 7.%00et 1 W70k
3.2550 - 6. ASE«D - G ADLe4 1 BAEeD
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Tevie 70-4  (cont inued)

= obDCm-7.0
Fiw, Crass-Cov-Meat Pathway Dose Factors = ADULY Revsion 4
(arem/¥r per uCi/e?) for #-) ané C-1e Page 7.0-26

(o7 & sreafyr per pCi/eec) for others
Kuclsde Bone Liver Thyroie Kidney lung  CI-IL] T Bosy

-3 - 3.75E2 3.25E«2 3.258+2 3.25Fe2 3.35842 3.2%iw2
C-1a 3.33Ee5 6. 60Eed & bLEed & GBE~4  &.08E<4 6. 60Tek 6. 60EeL
ha-ie T.B6E-3 V. BLE-D 1 BAE-3 1 BAE-Y V.BGE-D  LUBAE-Y 1 B4E-3
P32 . 05EeY 2 0YieB - - - S5.230«8 1. puast
Ce-51 - - &.228+3 1. 56E<2 9.3BEe) 1.08Eet 7.070e2
LI - $. 15k 2.720+¢ - 2.80E«7 1. 7Sket
#an-5¢ - - - -

1.930«8  1.%8E<8 4. 72847
1.758«8 2.0%E«Y 2. 40Les

Fe-5% 2.93k+8 2.02Ee8
Fe-59 26708 6.2708

Ce-87 - 5 6AEeE - 14360 9.37E«s
Co-58 - 1.83E+7 - - - 3.70E«F 4.20iEe7
Co-60 - 7.528«7 - - - 1.408«% 1. 66Ee
Nistd 1850410 1.310e% - - - 2.73k+8 &.330i¢B
NA-QS - - - - - - -
Cu-td - 2.95e-7 - T.45E-7 - 2.52€-5 1,398
In-t5 3.56E«8 Y.13E.% - T.570-8 - TAMESE S.000e8
In-09 - - - - - - -
#r-b2 - - - - - 1.64Ee3  1.26843
Br-k} - - - - - - -
Br-be - - - - - - -
Fretl - - - - - - - ’
Eb-8¢ - “«.BTiek - - - $.60E«T7 2.27i+8
ko886 - - - - - - -
Ko-8¢ - - > @ = o %
Sr-89 3.0188 - - - - 4. BiEeT B.p5E+t
Sr-90 1,268 00 - - - - 3.5%«8 D.058+%
Br-%1 - - - - - 1.38E-9 -
$c-82 - - - - - - g
Y- 1.0752 - - - - 1.13k«6  2.86E+0
Y-5ie * - - - - - -
¥-91 1.130«¢ - - - - £.26Ee8 3 .03E4
¥-