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INTRODUCTION
i

| 1.0 INTRODUCTION

Part I of the Fermi 2 Otisite Dose Calculation Manual (ODCM), which includes Sections 2.0
through 5 0, contains the controls and surveillance requirements for radioactive effluents
and radiological environmental monitoring. It also contains requirements for the Annual
Radiological Environmental Operating Report and the Semiannual Radioactive Effluent

,

j Release Report. |

|

Part 11 of the ODCM describes the methodology and parameters used in a) determining
radioactive material release rates and cumulative releases, b) calculating radioactive liquid
and gaseous effluent monitoring instrumentation alarm / trip setpoints, and c) calculating the
correspondmg 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 f actors, receptor locations, exposure pathways, ventilation flow rates, etc. are
intended to lead to conservative results. However, it is permissible to use plant
procedures which implement the ODCfA and which contain different data due to changes in
environmental and plant conditions.

The methodology provided in Part il of this manual is acceptable for use in demonstrating
compliance with the concentration limits of 10 CFR 20. the cumulative dose critaria of

| 10 CFR 50, Appendix 1 and 40 CFR 190, and the controls in Part I of this manual.

Part it. Section 6 0 of the ODCM describes equipment for monitoring and controlling liquid
j effluents, sampling requirements, and dose evaluation methods. Section 7.0 provides

similar information on gaseous effluent controls, sampling, and dose evaluation.
Section 8 0 describes special dose analyses required for compliance with Fermi 2 Offsite
Dose Calculation Manual and 40 CFR 190 Section 9 0 describes the role of the annual land
use census in identifying the controlling pathways and locations of exposure for assessing
potential oft-site doses. Section 10 0 describes the Radiological Environmental Monitoring
Program

The ODCM will be maintamed at Fermi 2 for use as a reference guide and training
document of accepted methodologies and calculations. Changes to the ODCM calculational
methodologies and parameters will be made as necessary to ensure reasonable
conservatism in keeping with the principles of 10 CFR 50.36a and Appendix I for
demonstrating radioactive effluents are *As Low As Reasonably Achievable?

!
|

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

i
!
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|2.0 DEFINITIONS '

i

|
ACTION
2.1 ACTION shall be that part of a specification which prescribes remedial j

measures required under designated conditions. J

l

CHANNEL CALIBRATION
{2.4 A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the {

channel output such that it responds with the necessary ranee 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 I

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 i
temperature detectors (RTD) or thermocouple sensors shall consist of
verification of operability of the sensing element and adjustment, as
necessary, of the remaining adjustable devices in the channel.

CHANNEL CHECK '

2.5 A CRANNEL 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 I-131
29 DOSE EQUIVALENT I-131 shall be that concentration of I-131, microcuries

per gram, which alone would produce the same thyroid dose as the quantity
,and isotopic mixture of I-131, 1-132, 1-133. I-134, and 1-135 actually ipresent. The thyroid dose conversion factors used for this calculation l

shall be those listed in Table III of TID-14844, " 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.

r

_.
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2.0 DEFINITIONS
,

MEMBER (S) 0F THE PUBLIC
2.21 MEMBER (S) 0F THE PUBLIC shall include all persons who are not

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

OFF-GAS TREATMENT SYSTEM
2.23 An 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

i

the purpose of reducing the total radioactivity prior to release to the '

environment.
|

OFFSITE DOSE CALCULATIONAL MANUAL I
2.24 The OFFSITE DOSE CALCULATIONAL MANUAL (ODCM) shall contain the methodology

and parameters used in the calculation of offsite doses resulting from i

radioactive Easeous 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 required by Technical l

Specification 6.8.5, and (2) descriptions of the information that should {
be included in the Annual Radiological Environmental Operating and '

Semiannual Radioactive Effluent Reports required by Controls 5.9.1.7 and
5 9.1.8.

OPERABLE - 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 equipment that are
required for the system, subsystem, train, component or device to perform
its function (s) are also capable of performing their related support
function (s).

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 A 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 qualitative assessment of channel response
when the channel sensor is exposed to a radioactive source.

THERMAL POWER

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

UNRESTRICTED AREA
2.45 An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY

access to which is not controlled by the licensee for purposes ofi
'

protection of individuals from exposure to radiation and radioactive
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
2.46 A VENTILATION EXHAUST TREATMENT SYSTEM shall be any system designed and

installed to reduce gaseous radiolodine or radioactive 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
lodines or particulates from the gaseous exhaust stream prior to the
release to the environment. Such a system is not considered to have any
effect on noble gas effluents. Engineered Safety Feature (ESP)
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 radioactive release.

N.A. Not applicable.

I

l
i

|

! 4

|

|
'

|
|

,

1
!

1
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2.0 DEFINITIONS '

TABLE 2.2

OPERATIONAL CONDITIONS

HODE SWITCH AVERAGE REACTOR
CONDITION POSITION COOLANT TEMPERATURE

1. POWER OPERATION Run Any temperature

2. STARTUP Startup/ Hot Standby Any temperature

| 3 HOT SHUTDOWN Shutdowni, *** > 200 degrees F
|

4. COLD SHUTDOWN Shutdowni, if, *** 5 200 degrees F

5 REFUELING * Shutdown or refuel **,# $ 140 degrees F

i 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.

if 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 SDCTION 2.0
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3/4, CONTROLS AND SURVEILLANCE REQUIREMENTS
i

l 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. I

P

3 0.2 Noncompliance with a Control shall exist when the requirements of the
control and associated ACTION requirements are not met within the
specified time intervals. If the Control is restored prior to i

expiration of the specified time intervals, completion of the Action
requirements is not required. i

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-

1. At least STARTUP within the next 6 hours,
i

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

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 requires a thutdown if they are not met within a
specified time interval. Entry into an OPERATIONAL CONDITION or other
specified condition may be maoe 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 OPERATIONAL CONDITIONS as required
to comply with ACTION requirements. 'eptions to these requirements.

are stated in the individual Controls.

. _ _
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APPLICABILITY

SURVEILLANCE REQUIREMERTS

I

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 Requirement.

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 Control. 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 requirements may be delayed for up to 24 hours to permit,

'

the completion of the surveillance when the allowable outage time
limits of the ACTION requirements are less than 24 hours.
Surveillance Requirements do not have to be performed on inoperable i

equipment.

4.0.4 Entry into 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 2y with ACTION requirements.

|

|

|

,

I *

|

I

|

| |

|

I '

i

I
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INSTRUMENTATION

RADIOACTIVE LIQUID EFFLUENT HONITORING 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 311.1.1 are not exceeded. Tne alarm / trip
setpoints of these channels shall be determined and adjusted in accordance with
the methodology and parameters in the OFFSITE DOSE CALCULATIONAL MANUAL (ODCM). I

APPLICABILITY: At all times.

ACTION:

i

With a radioactive liquid effluent monitoring instrumentation channela.

alarm / trip setpoint less conservative than required by the above-

control, immediately suspend the release of radioactive 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 radioactive liquid effluent
monitoring instrumentation channels OPERABLE, take the ACTION shown in i

Table 3 3 7.11-1. 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.c.

!

| SURVEILLANCE REOUIREMENTS

4.3.7.11 Each radioactive liquid effluent monitoring instrumentation channel
shall be demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST operations at the
frequencies shown in Table 4 3 7.11-1.

|
|

!

|
I

__ , _ _ - - __ - - - - - -
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TAHLE 3.3.7.11-1

RADIOACTIVE LIQUID EFFLUENT MONITORING IN$TRUMENTATION

MINIMUM
CHANNELS

INSTRUMENT OPERABLE ACTION

1 GROSS RADIOACTIVITV MONITORS PROVIDING ALARM AND
AUTOMATIC TERMINATION OF RELEASE

n. Licold Redanste Effluent Line 011-N007 1 110

2. GROSS RADIOACTIVITY MONITOR 5 PROVIDING ALARM BUT
NOT PPOVIDING AUTOMATIC TERMINATION OF RELEASE

n. Circulating Water Reservoir Decent Line D11-N402 1 111

3. FLOW RATE MCa%UREMENT DEVICE 5

a. Llauld Red =aste Effluent Lina G11-R703 1 112

b. Circulating water Reservoir Decnnt Line N71-4802 1 112

. - _ . _ _ _ _ . _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ . _ _ . _ _ - _ _ _ - - _ - _ _ _ - - _ _ _ _ _ - _ _ _ _
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!

TABLE 3.3.7.11.1 (Continued) |
!

TABLE NOTATIONS j

i

| ACTION 110 - With the number of channels OPERABLE less than required by the I

| Minimum Channels OPERABLE requirement, effluent releases from i
! this pathway may continue provided that prior to initiating a ,

|release:

i

a. At least two independent samples are analyzed in
;

accordance with Control 4.11.1.1.1, and
|

| !
I b. At least two technically qualified individuals ,

independently verify the release rate calculations and |
discharge 31ne valving-

!

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

!
ACTION 111 - 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 analymed at least once per 12 hours for gross radioactivigy !(beta or gamma) at a lower limit of detection of at least 10~

|microcurie /ml, for Cs-137 Otherwise, suspend release of '
,

radioactive effluents via this pathway. !
;

ACTION 112 - With the number of channels OPERABLE less than required by the !

| Minimum Channels OPERABLE requirement, effluent releases via i

this pathway may continue provided the flow rate is estimated at
;

least once per 4 hours during actual releases. Pump performance j
curves generated in place may be.used to estimate flow. j
Otherwise, suspend release of radioactive effluents via this

]
pathway. I

l

i

'

i

I

! l

: I
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TABLE 4.3.7.11-1

RADIDACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION $URVFILLANCE REQUIRtWENTS

CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONAL

ESTRUMENT CHECK C HE C M __ CALIBRATION Test

1 GROSS RAD 10ACTIVITV MONITORS PRov101NG
ALARM AND AUTOMATIC TERMINATION
OF RELEASE

a. Liould Rad =aste Effluent Line P P R(3) O(1)(2)

2. GROSS BETA OR GAMYA RAD 104CT!v!TY MON 170ns
PROVIDING ALARM BUT NOT PROVIDING AUTOMATIC
TERMINATION OF RELEASE

a. Circulating Water Reservoir Decant Lina D M Rf3) O(5)
D11-N402

3. FLOW RATE MEASUREMENT DEVICES (4)

e. Liould Radweste Effluent Line D(4) N.A. R O

b. Circulating water Respevoi- Decant Line D(4) N.A. R Q

.

, - - , ,.
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|
|
i

TABLE 4.3.7.11-1 (Continued) t

TABLE NOTATIONS )
|
,

(1) The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic |

isolation of this pathway occurs if any of the following conditions i

exists:
|

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

2. Circuit failure.

(2) The CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm ;

annunciation occurs if any of the following conditions exists
i

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. [

(3) The initial CHANNEL CALIBRATION shall be performed using National-Bureau
of Standards traceable sources. These standards shall permit calibrating I

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. !

,

; (4) 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.
| ~|

(5) The CHANNEL' FUNCTIONAL TEST shall also demonstrate that control room alarm,

annunciation occurs if any of the following conditions exists:
,.

i

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

3 Instrument indicates a downscale failure.

!

:

!
t

|

_ .__ , _ _ . - _ _ _ .
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INSTRUMENTATION

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

CONTROLS

3 3 7.12 The radioactive 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 ODCH.

APPLICABILITY: As shown in Table 3 3 7.12-1

ACTION:

With a radioactive gaseous effluent monitoring instrumentation channela.

alarm / trip setpoint less conservative than required by the above
Control, immediately suspend the release of radioactive gaseous

! effluents monitored by the affected channel, or declare the channel I

inoperable, or change the setpoint so it is acceptably conservative,

b. With less than the minimum number of radioactive gaseous effluent
monitoring instrumentation channels OPERABLE, take the ACTION shown in
Table 3 3 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.c.

SURVEILLANCE REQUIREMENTS

4.3.7.12 Eaih radioactive gaseous effluent monitoring instrumentation channel
shall be demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION, and CHANNEL FUNCTIONAL TEST operations at the
frequencies shown in Table 4.3 7.12-1.

|

!

,
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TAf1tE 3.3.7.12-1

R ADIOACTIVE GA5FOUS E rrt.UENT MONITORING INSTRUMENTATION

MINIMUM CHANNELS
INSTRUMENT OPERABLE APPLICADILITY ACTION

1 REACTOR BUI LDING E)(HAUST PLENUM
EFFLUENT MONITORING SYSTEM

s. Low Range Noble Gas Activity Mnnitre -
Providing Alarm 1 + 121

.

b. 1odine Sampler 1 * 122

c. Particulate Sampler 1 * 122

d. Sampler Flow Rate Monitor 1 * 123

2. OrrGAS MONITOR]NG SYSTEM (At the 2.2 minute
delay piping)

a. Noble GsM Activity Monitor 1 *** 126

3. STANDDV GAS TREATMENT SYSTEM

a. Low Range Noble Gas Activity Monitor -
Providing Alarm 1 a 125

b. iodine Sampler 1 a 122

c. Particulate Sampler 1 a 122

d. Sampler Flow Rate Montine 1 s 123

__ . _ _ _ _
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T AftLF 3.3.1.17-1 (Continued)

RADIDACTIVITY G45tOUS FFrtOFNT MONITORING I NST RUME N T AT I ON

MINIMUM CHANNEL 5
TN5tnUMENT OPERABLE APPLICABJL]ty ACTION

4 TUROINE BLDG. VENTILATION MONITORING Sv57EM

a. Low Range Noble Gas Activity Monitor 1 + 121

b. Todine Same t r e- 1 + 122

c. Particulate Sampler i * 122

d. Sampler Fina Rate Mon 9 tor 1 * 123

5. SERVICE DUILDING VENTILATION MONIT0p!NG
SvsTEM

a. Low Rance Noble Gas Activity Monitor 1 * 121

b6 lodihe Sampler 1 * 12;

c. Particulate Sampler 1 * 177

d. Sampler Flow Rate Mnnitor 1 * 123

_ __ _ _ . . _ . _ ._ __.________...m _ _ _ _ _ _ . _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __. . -, . _ _ . _ _ . _ . - - = __ __ _ _ _ ___._.______m_.._ _ _ _ _ _ _ _ _ _ .. __ _ _ _ __
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TAf1LL 3.3.7.17-1 ( Cont inue._d)

R ADIDACTIVE GA5t OUS F F F LUI NT asONITORING INSTRUMFNTATION

MINIM 0M CHANNELS
INSTRUMENT OPERADLE APPL,ICAB!(ITV ACTION

E. RADWASTE DUILDING VENTILATION MONJTORING
SYSTEM

a. Low Dange Noble Gas Activity Monitor 1 + 121

b, lodino Sampler 1 e 122

c. Particulate Sn*pler 1 * 122

d, sampler rio. Rate Monito- t + 123

7 ONSITE STORAGE f1VILDING VENT I L AT 10N
EKHAUST RADIATION MONITOR

a. Low Range Noble Gas Activity Monitor i * 171

b. lodine Samoter t * ty;

c. Particulate Snapter 1 + 12;

d. Snmpter Flow Rnte Monitor 1 * 123

- _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - . _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ . _ _ _ _ . - _ _ - . _ _ - _ _ _ _ . __ - _ _ _ _ _ _ _ _ _ - _ . _ _ _ - _ _ _ _ - _ _ - _ - - - _ _
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l
|

TABLE 3.3.7.12-1 (Continued)
'

|
TABLE NOTATIONS |

' At all times.
** Not used.
*** During operation of the main condenser air ejector.
f During operation of the standby gas treatment system.,

| ## Also included in Technical Specifications Table 3 3.7.5.1 Item 13.a.

| ACTION STATEMEffrS

ACTION 121 - 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
i least once per 12 hours and these samples are analyzed for gross

activity within 24 hours. Otherwise, suspend release of
| radioactive effluents via this pathway,

i ACTION 122 - Vith the number of channels OPERABLE one less than required by
the Minimum Channels OPERABLE requirement, effluent releases via j
this pathway may continue provided that within 8 hours samples i

are continuously collected with auxiliary sampling equipment as I

required in Table 4.11.2.1.2-1. i

|
! ACTION 123 - 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.
|
|

ACTION 124 - Not used. '

ACTION 125 - 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 4 hours and these samples are analyzed for gross j
activity within 24 hours. Otherwise, suspend release of '

radioactive effluents via this pathway.

ACTION 126 - With the number of channels OPERABLE less than required by the
Minimum Channels OPERABLE requirement, releases via this pathway
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 Eas effluent
(downstream) monitor is OPERABLE;

Otherwise, be in at least HOT STANDBY within 12 hours.
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TABLE 4.3.7.12-1

RAD 10ACTIVt GA5tOUS trrLUENT MONITORING INSTPUWENTATION $URVFilt_ANCE REQUIREMENTS

CHANNEL MODES IN WHICH
CHANNEL SOURCE CHANNEL FUNCTIONAL SURVEILLANCE

INSTRUMENT CHECK CNCCk CALIBRATION TEST REQUIRED

1 REACTOR BUILDING ERHAUST PLENUM

a. Low pange Noble Gas Activity vomitor -
Providino alarm D M R(2) Off) *

b. Iodine Sampler W N.A. N.A. N.A. *

C. Particulate Sampler W N.A. N.A. N.A. *

d. Sampler Finn Rate Monitor D N.A. R O *

I OFFGAS MONITODING SYSTEM (At the
2.2 minute deley piping)

a. Noble Gas Activity Monitor D M Q(2) Q(1) ese

3. STANDev Gas TotATMENT
MON 1TORINr, Sv51tM

s. Low Range Nott l e Gas Activity Monitor D M R(2) Q(1) a

b. todine Sampire w N.A. N.A. N.A. p

C. Eartituinte Samoler W N.A. N.A, N.A. a

d. $8mDier Flow Rate Monitoe D N.A. A C a

.

- . . . - - . . , - . . . - _,
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TAf1_L t 4.3.7.17-1 [ Continue _d)

RADI0 ACTIVE GA5t00s ErrLUENT MONITORING INSTRUMENTATION SURVEtttANCE REQUIREMENTS

CHANNEL MODES IN WHICH
CHANNEL SOURCE CHANNEL FUNCTIONAL SURVEILLANCE

INSTRUMENT THFCh CHEF F CALjpu4 TION TEST REQUIRED

4, TURUINE BLOG. VENTILATION
MONITQQING SY5 TEM

a. Low Range Noble Gas Art +vity Monito- D M 9(2) O(41 *

b. Iodine Sampler > N.A. N.A. N,a, *

c. Particulate 5empler w N.A. N.A. N.A, *

d. San +p l e e Flow Rate Mnnitnr P N.A. R 0 *

5. SERVICE BUILDING VENTILATION
MCNTTORING SYSTEM

a. Low Rance Noble Gas Actis 4ty Monitor [+ P R(2) Q(4) *

b. lodine Sampler w N.A. N.A. N.A. *

c. Particulate Sampler h N.A. N.A. N.A. *

d. Samplar Flow Rate Moniin* D N.A. R O *

_ - _ _ - _ - - _ _ - . _ - _ - _ _ - - _ - --____ - _ _ _ _ _ _ _ - . - _ - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - _ - _ _ _ . _ - _ _ - - _ - _ _ _ - - -
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l

|

1 Af1LE 4.3.7.17-1 (tontinged)
_

RADIOACTIVE C.A5t OUS E F Fl ut NT MON!10 RING INSTRUMENTATION SURVEILLANCE HEQUIREMENTS

CHANNEL MODE 5 IN WHfCH
CHANNE|, LO||Q C E CHANNEL FUNCTIONAL SURVEILLANCE

INSTRUMENT rutc> (Ht(> cat _1puatroN TEST R E OL.t t a r p

0. RADWA5TE RUILDING VEN1TLATION
MONITORING SYSTLY

a. Low Range NoblF (on e- Attivity Monitor f' M U(2I Q(4) *

b. lodine Sampler W N.A. N.A. N.A. *

C. PartICU18te Sa mp l e' r % N.A. N.A. N,A. *

d. Sampler Flow Rate Monitee [' N.A. E C *

7. ON5ftt STORAGE BUILDING
VENTILATION EXHAU5T DAD]ATIO'4
MON! TOC

s-, Low Range Noble Ga a; Acttvity Monitor I- Y R(2) Q(1) *

b. Iodine Sa*DiPr % N.A. N.A, N.A. *

C. Particulate Samolpe W N.A. N.A. N.A. *

d. $nmpler ripw nnte M rm i t n '- p N,A, & C *

.

_ _ _ . _ . . _ . . - _ - _ . _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ . _ _ . _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ + _ _ _ _ . -- ._-..w r- -, -- r -7 em . _ . - - . . - c.. , ,-, - - - - , _
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|
TABLE 4.3.7.12-1 (Continued)

TABLE NOTATIONS

* At all times.

I ** Not used.

*** During operation of the main condenser air ejector.

# During operation of the standby gas treatment system.

(1) 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.
1

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

(2) 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 I

| are National Bureau of Standards traceable shall be used.

(3) Not used.

(4) 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. I

3 Instrument indicates a downscale failure.

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

|

|

I

. _ - _ _ - _ _ _ _ _ _ _ _ - _ _ .
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3/4.11 RADIOACTIVE EFFLUENTS

3/4.11.1 LIQUID EFFLUENTS

| CONCENTRATION
l

CONTROLS

! 3 11.1.1 The concentration of radioactive material released in liquid effluents
| to UNRESTRICTED AREAS (see Figure 3 0-1) shall be limited to the
! concentrations specifjed in 10 CFR 20, Appendix B. Table II, Column 2
i for radionuclides other than dissolved or entrained noble gases. For
i dissolvedgrentrainednoblegases,theconcentrationshallbelimited

to 2 X 10- 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 REQUIREHENTS

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

4.11.1.1.2 The results of the radioactivity analyses shall be used in
accordance with the methodology and parnmeters 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

RADI0 ACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Lower Limit
Minimum of Detection -

'

Liquid Release Sampling Analysis Type of Activity (LLD)a
Type Frequency Frecuency Analysis (uC1/ml)

A.BatchWgste P P

Release Each Batch Each Batch Principal Gamma 5 X 10-7
eSample Emitters

Tanks (3)

1-131 1 X 10-6 i

P M Dissolved and 1 X 10-5
One Batch /M Entrained Gases

(Gamma Emitters)

-5P M H-3 1 X 10

~IEach Batch Composite Gross Alpha 1 X 10

P Q Sr-89, Sr-90 5 X 10-b

Each Batch Composite Fe-55 1 X 10-6d

B Continuous
Releases * M PrincipagGamma 5 X 10-7
Circulating NA Emitters

dWater Composite
4System (if I-131 1 X 10

contaminated)
W M Dissolved and 1 X 10-5

Grab Sample Entrained Gases
(Camma Emitters)

-5M H-3 1 X 10
NA

dComposite Gross Alpha 1 X 10-7

-8
Q Sr-89, Sr-90 5 X 10

NA

Composite Fe-55 1 X 10-6d
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|

i

TABLE 4.11.1.1.1-1 (Continued) |

'

TABLE NOTATION

i

"The LLD is defined, for purposes of these controls, as the smallest ,

concentration of radioactive material in a sample that will yield a net count, |
above system background, that will be detected with 95% probability with only ,

5% probability of falsely concluding that a blank observation represents a
3

"real" signal. '

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

|

4.66 su
LLD = ,'

E V 2.22 x 106 . y . exp (-h t)

Where:
,

i
LLD is the "a priori" lower limit of detection as defined above, as |
microcuries per unit mass or volume, |

|
| sb is the standard deviation of the background counting rate or of the |

counting rate of a blank sample as appropriate, as counts per minute, |
|

E is the counting efficiency, as counts per disintegration,

V is the sample size in units of mass or volume,
1

1
62.22 x 10 is the number of disintegrations per minute per microcurie, !

Y is t.he fractional radiochemical yield, when applicable,

kistheradioactivedecayconstantfortheparticularradionuclide,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.
bA 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, In-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 that are identifiable, together with those of the
above nuclides, shall also be analyzed and reported in the Semiannual
Radioactive Effluent Release Report pursuant to Control 5.9.1.8.
dA composite sample is one in which the quantity of liquid samples is
proportional to the quantity of liquid waste discharged and in which the method
of sampling employed results in a specimen that is representative of the
liquids 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

continuous release.

|

|
|

l

|
|

|

_ _ .
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RADI0 ACTIVE EFFLUENTS

DOSE

CONTROLS

l

|

| 3 11.1.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from
| radioactive materials in liquid effluents released, from each reactor unit, to
; UNPISTRICTED AREAS (see Figure 3.0-1) shall be limited:

| a. During any calendar quarter to less than or equal to 1.5 mrens to the
total body and to less than or equal to 5 mrems to any organ, and

b. During any calendar year to less than or equal 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 radioactive materials in
liquid 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 subsequent 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 REQUIREMENTS

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

* Applicable only if drinking water supply is taken from the receiving water
body within 3 miles of the plant discharge.
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|

|

RADI0 ACTIVE EFFLUENTS

LIOUID 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 radioactive
materials in liquid 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

j in any 31-day period.
!

APPLICABILITY: At all times.
1
l ACTION:

a. With radioactive 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 Conmission 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

I 4.11.1 3 1 Doses due to liquid 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 !

3/4.11.2 GASEOUS EFFLUENTS

DOSE RATE

CONTROLS

3 11.2.1 The dose rate due to radioactive materials released in gaseous
effluents from the site to areas at and beyond the SITE BOUNDARY (see Figure
3 0-1) shall be limited to the following:

a. For noble gases: Less than or equal to 500 mrems/yr to the total '

body and less than or equal to 3000 mrems/yr to the skin, and

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

APPLICABILITY: At all times.

ACTION:

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

SURVEILLANCE REQUIREMENTS

i

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

4.11.2.1.2 The dose rate due to iodine-131, iodine-133, tritium, and all other
radionuclides in particulate form with half-lives greater than 8 days in
gaseous effluents shall be determined to be within the above limits in
accordance with the methodology and parameters in the ODCM by obtaining
representative samples and performing analyses in accordance with the sampling
and analysis program specified in Table 4.11.2.1.2-1.

,

i

,

i
;

1
|

|
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TABLE 4.11.2.1.7-1

RADIDACTIVE GA5FOUS WASTE SAMPLING AND ANALYSIS PROGRAM

Utnimum Loopr Limit of
samplino Analysis Type of Detection ( L t_O ) "

Gasenus Release Type ffeque.ncy _ rrequency _ Acttvity_ Analysis (uCl/ml)
P. S P. 5'i

A. Containment PURGE Each PURGE Each PURGE Principal Gamma Emittersb d
10!1 a

( Pr_e Treatment) Grab _ Sample P H-3 1 = 10

t.d.e pt Principal Gamma Emitters 1 eD 10~4D. Reactor Bullding M

Erhaust Plenum Grab Sample MC 4H-3 1 a 10
Standby Gas igent-
ment System

D 10'dC. Rad =asta Bu i l ef i ng M M Principal Gamma Emitters 1 a
10-I'turbine Building Grab Sample M H-3 1 =

5ervice Building
On-Site Storage
raci19ty

D. All Release Types Continuous' W" l-131 1 a 10-12
10-10as listed in D Adsorbent 1-133 1 =

and C above. Sample

Con, mous' b 10''IWU Princinn1 Gaea Emitters 1 =
Partitu! ate (1-131 Others)
Sample

Continuous' M Gross Alpha 1 a 10-Il
Composite
Partirulate
Sample

Continnoum# 0 St-89 Sr-90 1 a 10~I1
Composite

Particulate
Sampie

Continuous # Noble has Nobia Gas 1 = 10-6
Monitor Grons Beta or Gaea

l

I

_ . . _ . . _ - - _ - - - _ - - _ - - - _ _ . _ _ _ - - _ _ _ - _ _ _ - - - - - - - . - _ _ - - _ - - - . __ _._. . _ _ - - - _ _ _ _ _ _ . _ _ _ _ _ _ - - - _ - _ - _ _ _ - _ _ _ - - _ . _
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TABLE 4.11.2.1.2-1 (Continued)

TABLE NOTATION
l

\

aThe LLD is defined, for purposes of these controls, as the smallest
i

concentration of radioactive material in a sample that will yield a net count, 1

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 sy
LLD I

E * V * 2.22 x 106 . y . exp (-Mt)
!

Where:
,

t

.

LLD is the "a priori" lower limit of detection as defined above, as |
| microcuries per unit mass or volume,
i

;

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

E is the counting efficiency, as counts per disintegration,

V is the sample size in units of mass or volume,
62.22 x 10 is the number of disintegrations per minute per microcurie,

1Y is the fractional radiochemical yield, when applicable, '

histheradioactivedecayconstantfortheparticularradionuclide,and|

!
'

A t 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.

i

. |
i

.

. y , w--, - - - + --- r +-- -
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TABLE 4.11.2.1.2-1 (Continued)

TABLE NOTATION

bThe 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, In-65,
Mo-99, I-131, cs-134, cs-137, ce-141, and ce-144 in iodine and particulate
releases. This list does not mean that only these nuclides are to be
considered. Other gamma peaks that are identifiable, together with those of
the above nuclides, shall also be analyzed and reported in the Semiannual
Radiactive Effluent Release Report pursuant to Control 5.9.1.8. ,

!

cSampling 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 I-131 concentraticn 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

I 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.

i

eTritium 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.

IThe 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 '

E amples shall be changed at least once per 7 days and analyses shall beS

completed within 48 hours after changing,'or after removal from sampler.
Sampling shall also be performed at least once per 24 hours for at least 7 days
following each shutdown, startap or THERMAL POWER change exceeding 15% of RATED
THERMAL POWER in 1 hour and antlyses 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

r

(1) analysis shows that the DOSE EQUIVALENT I-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 SGTS 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 unit, to areas at and beyond the SITE BOUNDARY (see Figure 3 0-1)
shall be limited to the following: I

l l

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 equal to 10 mrads for gamma
| radiation and less than or equal to 20 mrads for beta radiation.
1

I APPLICABILITY: At all times.
!

ACTION:
l

| a. With the calculated air dose from radioactive noble gases in gaseous
! effluents exceeding any of the above limits, prepare and submit to

the Commission 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 j
| taken to assure that subsequent releases will be in compliance with

the above limits.

| b. The provisions of Controls 3 0.3 and 3.o.4 are not applicable.

SURVEILLANCE REQUIREMENTS

4.11.2.2 Cumulative dose contributions for the current calendar quarter and
current calendar year for noble gases shall be determined in accordance with i

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

1
i

,

I



. . - ~ - ._- -_ _ - _ -. . -- _ -

|
Nuclear Production - Fermi 2 ODCM-3 0
Offsite Dose Calculation Manual Revision 4 |

Page 3 0-29 |

|
|

,

|

RADIOACTIVE EFFLUENTS '

I

GASEOUS EFFLUENTS

DOSE - 10 DINE-131, 10 DINE-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 radionuclides in particulate form with half-lives greater than
8 days in gaseous effluents released, from each reactor unit, to areas at and

'j

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, j

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 i
identifies the cause(s) for exceeding the limit and defines the !

corrective actions that have been taken to reduce the releases and
the proposed corrective actions to be taken to assure that subsequent |

| releases will be in compliance with the above limits.

| b. The provisions of Controls 3 0 3 and 3 0.4 are not applicable. ,

! l
I i

SURVEILLANCE REQUIREMENTS I

4.11.2 3 Cumulative dose contributions for the current calendar quarter and
current calendar year for iodine-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.

i
_. . . _ _ .__ _ . _ _ , _ _ - _ ._
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RADI0 ACTIVE EFFLUERTS
i

| OFF-GAS TREATMENT SYSTEM

CORTROLS

| 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:

| With the OFF-GAS TREATMENT SYSTEM inoperable for more than 7 days,a.

| 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. Identification of the 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.

c. The provisions of Control 4.0.4 are not applicable.

:
SURVEILLANCE REQUIREMENTS

I

1

| 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 |
i

CONTROLS I

I

I
i

3 11.2.5 The VENTILATION EXHAUST TREATMENT SYSTEM as described in the ODCM !
shall be OPERABLE and appropriate portions of the system shall be used to |

reduce radioactive materials in gaseous waste pricr to their discharge when the i

projected doses due to gaseous effluent releases from the site to UNFISTRICTED
AREAS (see Figure 3 0-1) would exceed 0 3 mrem to any organ in any 31-day ;
period.

{

j APPLICABILITY: At all times.

ACTION: >

a. With radioactive gaseous waste being discharged in excess of the )above limits and any portion of the VENTILATION EXHAUST TPIATMENT
:

SYSTEM not in operation, prepare and submit te the Commission within |
30 days pursuant to Technical Specification 6.9.2 a Special Report |that includes the following information

1. Identification of any inoperable equipment or subsystems, and |the reason for the inoperability,
|

2. Action (s) taken to restore the inoperable equipment to l
OPERAELE status, and j

|
3 Summary description of accion(s) taken to prevent a

recurrence.

b. The provisions of Controls 3 0.3 and 3 0.4 are not applicable.

SURVEILLANCE PIQUIREMENTS

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
ODCM, shen any portion of the VENTILATION EXHAUST TREATFINT SYSTEM is not in
use.

| 4.11.2.5.2 The VENTILATION EXHAUST TREATMENT SYSTEM shall be demonstrated
| OPERABLE by meeting Cont.rols 3 11.2.1, 3 11.2.2, and 3 11.2 3

|

_. . - , .,
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RADIOACTIVE EFFLUENTS

VENTING OR PURGING

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 requirements of the above control not satisfied, suspend all
VENTING or PURGING of the drywell.

I b. The provision of Controls 3 0 3 and 3 0.4 are not applicable.
|

|

, SURVEILLANCE REQUIREMENTS
1

I

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 PURGING 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

4 Whenever the purge system is in use during OPERATIONAL CONDITION 1 or
2 or 3, only one 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 Control 3 11.2.1 within 8 hours prior to the start of
and at least once per 12 hours during VENTING or PURGING of the drywell (or
torus) through other than the standby gas treatment system.

|

|

|
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RADI0 ACTIVE 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 radioactive materials
in liquid 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

subsequent releases to prevent recurrence of exceeding the above !limits and includes the schedule for achieving conformance with the
above limits. This Special Report, as defined in 10 CFR 20.405c, ,|
shall include an analysis that estimates the radiation exposure
(dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources, i

| including all effluent pathways and direct radiation, for the
calendar year that includes the release (s) covered by this report.
It shall also describe levels of radiation and concentrations of
radioactive material involved, and the cause of the exposure levels
or concentrations. If the estimated dose (s) exceeds the above
limits, and if the release condition resulting in violation of 40 CFR
Part 190 has not already been corrected, the Special Report shall

, include a request for a variance in accordance with the provisions of
| 40 CFR Part 190. Submittal of the report is considered a timely
I request, and a variance is granted until staff action on the request
! is complete.

b. The provisions of Controls 3.0 3 and 3.0.4 are not applicable.

SURVEILLANCE REOUIREMENTS

|

| 4.11.4.1 Cumulative dose contributions from liquid and gaseous effluents shall
be determined in accordance with Controls 4.11.1.2, 4.11.2.2, and 4.11.2 3, and
in accordance with the methodology and parameters in the ODCM.

! 4.11.4.2 Cumulative dose contributions from 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.,

I
i

I
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1

3/4.12 RADIOLOGICAL ENVIRONMENTAL MONITORING' *

i

3/4.12.1 MONITORING PROGRAM
'

CONTROLS

3 12.1 The radiological 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 Radiological Environmental Operating Report
required 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 radioactivity 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 radioactive effluents so ;that the potential annual dose * to A MEMBER OF THE PUBLIC is less
than the calendar year limits of Controls 3.11.1.2, 3 11.2.2, and
3 11.2 3 When more than one of the radionuclides in Table 3 12.1-2
are detected in the sampling medium, this report shall be submitted
if:

concentration (1) concentration (2) + ...> 1.0+

reporting level (1) reporting level (2)

Wnen 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 ?, 3 11.2.2, and 3 11.2 3 This report is not
required if the measured level of radioactivity was not the result of
plant effluents; however, in such an event, the condition shall be
reported and described in the Annual Radiological Environmental
Operating Report pursuant to Control 5.9.1.7.

c. With milk or fresh leafy vegetable samples unavailable from one or
more of the sample locations required by Table 3 12.1-1, identify
specific locations for obtaining replacement samples and add them to {the radiological environmental monitoring program within 30 days.

|The specific locations from which samples were unavailable may then

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

I

_ _ - _ - __
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RADIOLOGICAL ENVIRONMENTAL MONITORING

CONTROLS (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 Radioactive Effluent 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 required by Table 4.12.1-1.

.

!
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iAtilE 3.12.1-1

R ADIOLOGICAL I NVIRONMr NT AL MONITORING l'ROGRAM

Number of
Representative

Euposure Pathway Samples and Sampling and Type and Frequency
anr1/or Sample Sample Locatinns, Collectton FrPquency Of Analysis

1 DIRECT RADIAT10ND 37 routine monitoring stations. Quarterly Gamma dose quarterly,
with two or more dosimeters
placed as follows: 1) an
inner ring of stations in
the general area of the $1TE
E100ND A R Y and additional rinus
at appronimately 2, 5. and 10
miles, with a station in at
least every other meteorologicn1
sector for each ring with the
peception of those sectors over
Lake Erie. The balance of the
stations. 8. should tie placed
in special interest areas such
as population c ari t e rs , nearby
residences. Schools, and in 2
or 3 areas to serve as rentrnt
stations.

7. AIRDORNE
Radioindine and Samples from 5 locations. Continuous sampler Rad _1oiodine Cannister:

Particulates operation with semple 1-131 analysis weekly.
a. 3 samples from close to collection weekty, or

the 3 $1TE BOUNDARY loca- more frequently if
tions. in different sectors, requ i r ed try dust Particulate Sampler:
of the hiuhest calculated inadina. Gross beta radioactivity
annual avernge ground- analysis following
level D/O. filter change d

b. I sample * rom tbo vicinity of Gamma isotopic analysis'
a c ommin i t y havino the highest of composite (by
cate.utated annual avernae location) quarterly.
p r ounci l e v e l D/0.

- _ _ _ _ - - _ . - _ _ - _ _ . _ _ - . - _ _ _ _ _ - _ _ _ _ _ _ - - - . . _ _ - -_ - _ _ _ - -- . - - - - - - _ _ - - _ _ _ _ _ _ _ - - - - _ - _ _ _ _ _ . _ . ._-
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TABLE 3.12.1-1 (Continued)
RADIOLOGICAL FNVIRONMENTAl MONITORING PROGRAM

Numtipr cf

keprpsontative
f * sin e.o r p Pathway S a mp l e =. and Samoting and Type and Frequency

8
antt i n r Sample 5 am] * t a Locations Collection F requency of Analysis

,

c. 1 sampip from a control
foration, as for panepic

18.- 3 0 km distant and i ri
tna least prevalent wind
etirortinn,

3. WATERRO4NE
a. 5mr8sce ,5 Sample upstren*. CompoMite sample over Gamma isotopic analysis''

t' snmple dnwnstronm. 1-month period" fnon t h l y . Composite for'

tritium analysis tion r t e r l y

b. Ground !, a mn t e e. from 1 or ? s o n e r. c = Ovarterly Gamma isotopir' and
enig 49 likely to be tritium analysis
n*+prted"' Querter1y.

c. Drinkinu a t sample of each 0 8 1 to Composite sample 1-131 analysis on parh
3 o' the t'earest unter over- 2-weph period 9 composite when the dose
supplies that t ou t ri no when 1-131 analysis calculated for the
affected by its discha*up, is performed, monthly consumption of the water

composite otherwise is greater than 1 mrem
b. I samnip from a per year.' Composite

control location for gross beta and pamma
isotopic analyses'
monthly. Composite for
tritium analysis cuarterly

d. Sediment 1 s a mn t r* +enm rio wn s t - e nm nrea Seminnnua11y Gamma isotopic analysis'
from with ==i ttino ne pntential seminnnually.
shoreline ar pa*i on5 value.

.. - . . _ _ _ _ _ . _ _ _ _ . _ - - - _ _ - - - _ - _



. _ _ _ _ _ _ _ _ _ - . - _ _ - _ _ _ _ - - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ . _ _ _ . _ _ _

ODCU-3.0
Revision 4
Page 3.0-38

TABLE 3.17.1-1 (Continued)

RARIOt.OG1 cat _fNy_fRpHMtN{A(_ yONITORING PROGRAM
_

Number of
Representative

Emposure Pathway Samples and $ampling and Type and Frequency
and/or Samp1p_ S.a_mp t e Locations" Collectton Frequency .of A na ly s i s

4 I NC.E ST I ON
a. Milk a. Sampics from milkino animals Semimnnthly when Gamn isotopic' and

in 3 location = within 5 km animals are on 1-131 analysis semimonthly
distante havirq the hinhp%t pasture, monthiy at when anima 1s ere on
rin s e potential. I' there other times pasture; monthly at
are none. then. I sample other times,

from milking animals in each
of 3 areas between 5 to P km
distant wherp doses are
calculated to tip urpater

Ithan 1 meem per yr

b. I sample from milkinu
animals at a cnntrol location
15-30 km distant and in the
least prevalent wind direttinn

b. Fish a nti s. 1 sample of each commercially Sample in season. or Gamma isotopic analysis"
Invert *brates and recreationally important semiannually if they on cdible portions.

species in vicinity of plant are not seasonal
discharop area,

ti . 1 sample of same spetles in
areas not inf l uentatt by plant
distharup,

c. Food a. I sample of each principal At time of harvest) Gamma isotopic analyses'
Products tlaas of food protiotts from on edible portions,

any area that is irrigated
tiv water i rt which 11ould
piant wastas have boom
d i % r ha e tapit ,

. _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - . _ _ -. - - - . _ _ -
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TA9tE 3.12.1-1 (Cont inued]
R ADI OL OGI C A L ENVIRONMf MT AL MONI TORING PROGRAM

Number of
Representattve

Espnsure pathway Samples and Sampling and Type and Frequency
_and/or Samp h Snapte Locations" Collection Frequency of Ans3 sis

c. Food b. Snaples of 3 different kinds Monthly when Gamma isotopic' and
products of broad leaf vegetation grown available I-131 analysis.
(cont'd) nearest each of two different

offsite locations of hiphost
predictatt annual averano
level D/O if milk sampling is
not gmrformed.

c. 1 sample of each of tha sim41er Monthly when Gamma isotopic" and
br esti 1paf vegetation grown available 1-131 analysis.
15-30 km distant in the least
prevalent wind direction if
milk samplinQ 45 not perfOrmpd.

--- - - - - - - - _ - - _ - - - . . . _ . _ . - - - . - _ . - - . ~ _ - - _ _ -,.-- , - - . - - , -
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TABLE 3.12.1-1 (Continued)

| TABLE NOTATIONS
|

aspecific 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 ODCH. Refer to NUREG-0133, " Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants,'' October 1978, and to Radiological
Assessment Branch Technical Position, Revision 1, November 1979 Deviations

( are permitted from the required sampling schedule if specimens are unobtainable
| due to hazardous conditions, seasonal unavailability, malfunction of 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

i 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 radiological 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 a
revised figure (s) and table for the ODCM reflecting the new location (s).
Done or more instruments, such as a pressurized ion chamber, for measuring
and recording dose rate continuously may be used in place of, or in addition
to, integrating dosimeters. For the 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.

dAirborne 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.

' Gamma isotopic analysis means the Identification and quantification of
gamma-emitting radionuclides that may be attributable to the effluents from the
facility.

!

1
i

;
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TABLE 3.12.1-1 (Continued)

TABLE NOTATION

IThe " 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. i

1
1 1

E omposite samples should be collected with equipment (or equivalent) which iC
'

is capable of collecting an aliquot at time intervals that are very short i

(e.g., hourly) relative to the compositing period (e.g., monthly). |
1

hGroundwater 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
m3thodology and parameters in the ODCH.

3 If harvest occurs more than once a year, sampling shall be performed duringI

| each discrete harvest. If harvest occurs continuously, sampling shall be I

monthly. Attention shall be paid to including samples of tuberous and root !
food products. I

|

|
|

|

|

l
|

|

|

I

|
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TABLE 4.12.1-1 (Continued)

TABLE NOTATIONS

aThis list does not mean that only these nuclides are to be considered.
Other peaks that are identifiable, together with those of the above nuclides,
shall also be analyzed and reported in the Annual Radiological Environmental ;

Operating Report pursuant to Control 5.9.1.7

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

c
j The LLD is defined, for purposes of these Controls, as the smallest

concentration of radioactive material in a sample that will yield a net count,
above system background, that will be detected with 95% probability with only
5% probability of falsely concluding that a blank observation represents a
"real" signal.

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

| 4.66 su

E * V * 2.22 * Y * exp (-Act)
|

Where:
!I

LLD is the "a priori" lower limit of detection as defined above, as
'

picocuries per unit mass or volume,
!

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

E is the counting efficiency, as counts per disintegration,

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

2.22 is the number of disintegrations per minute per picoeurie,

i

Y is the fractional radiochemical yield, when applicable,

Aistheradioactivedecayconstantfortheparticularradionuclide,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 at should be used in the calculation.

. - _ _ - - - - - _ _ .
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|
t

i
i 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 seasurement. 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
1

dLLD for drinking water samples.

|

|

I

t

i

l

l

i
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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 8 km (5 miles) the location in each of the 16 meteorological

i

sectorsofthenearestmilkgnimal,tgenearestresidenceandthenearest {garden * of greater than 50 m (500 ft ) producing broad leaf vegetation.
]

APPLICABILITY: At all times. I

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

3the next Semiannual Radioactive 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 radiological environmental monitoring program within 30 days.
The sampling location (s), excluding the control station location, ;

having the lowest calculated dose or dose commitment (s), via the same |
exposure pathway, may be deleted from this monitoring program after
October 31 of the year in which this land use census was conducted. ;

Pursuant to Control 5.9.1.8, identify the new location (s) in the next
Semiannual Radioactive' Effluent Release Report and also include in
the report a revised figure (s) and table for the ODCM reflecting the
new location (s).

,

The provisions of Control 3 0 3 and 3 0.4 are not applicable.c.

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 Control 5.9.1.7.

* Broad leaf vegetation sampling of at least three different kinds of vegetation
may be performed at the SITE BOUNDARY in each of two different direction
sectors with the highest predicted D/Qs in lieu of the garden census. Controls
for broad leaf vegetation sampling in Table 3 12.1-1, Part 4.c, shall be
followed, including analysis of control samples.

i

__
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RADIOLOGICAL ENVIRONMENTAL MONITORING|

3/4.12.3 INTERLABORATORY COMPARISON PROGRAM

CONTROLS !
'

|
\ |

[

3.12 3 Analyses shall be performed on radioactive materials supplied as part
of an Interlaboratory Comparison Program that has been approved by the
Commission.

.
APPLICABILITY: At all times.

1

ACTION:

a. With analyses not being performed as required above, report the
corrective actions taken to prevent a recurrence to the Commission in
the Annual Radiological Environmental Operating Report pursuant to
Control 5 9.1.7

|

| b. The provisions of Controls 3 0 3 and 3 0.4 are not applicable.
1

1

SURVEILLANCE REQUIREMENTS

| 4.12 3 The Interlaboratory Comparison Program shall be described in the ODCH.
| A summary of the results obtained as part of the above required Interlaboratory

Comparison Program shall be included in the Annual Radiological Environmental
Operating Report pursuant to Control 5 9.1.7.

!

| |
|

l

l

! !

|
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INSTRUMENTATION

BASES

3/4.3.7.11 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

The radioactive liquid effluent monitoring instrumentation is provided to
monitor and control, as applicable, the releases of radioactive materials in ,

| liquid effluents during actual or potential releases of liquid effluents. The
alarm / trip setpoints for these instruments 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 requirements
of General Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.

3/4.3.7.12 RADI0 ACTIVE GASEOUS EFFLUENT HONITORING INSTRUMENTATION

The radioactive gaseous effluent monitoring instrumentation is provided to
monitor and control, as applicable, the releases of radioactive 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 requirements 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
i

This control is provided to ensure that the concentration of radioactive
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
II, Column 2. This limitation provides additional assurance that the levels of

| radioactive 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 HPC in air (submersion) was converted to an equivalent concentration in
water using the methods described in International Commission on Radiological
Protection (ICRP) Publication 2.

The required detection capabilities for radioactive 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, 586-93 (1968), and Hartwell, J. K., " Detection
Limits for Radioanalytical Counting Techniques," Atlantic Richfield Hanford
Company Report ARH-SA-215 (June 1975).
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RADI0 ACTIVE EFFLUENTS

:
BASES

|

|
,

3/4.11.1.2 DOSE
,

|
This control is provided to implement the requirements of Sections II.A,

.

III.A, and IV. A of Appendix I,10 CFR Part 50. The control implements the !

guides set forth in Section II.A of Appendix I. The ACTION statements provide
the required operating flexibility and at the same time implement the guides i

set forth in Section IV.A of Appendix I to assure that the releases of. ;

radioactive material in liquid effluents to UNRESTRICTED AREAS will be kept "as !

low as is reasonably achievable." Also, for fresh water sites with drinking ;

reasonable 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 i

parameters in the ODCM implement the requirements in Section III. A of Appendix !

I that conformance with the guides (,f Appendix I be shown by calculational ;

procedures based on models and data, such that the actual exposure of a MEMBER |
OF THE PUBLIC through appropriate pathways is unlikely to be substantially ,

underestimated. The equations specified in the ODCM for calculating the doses |due to the actual release rates of radioactive materials in liquid 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 I," !

Revision 1, October 1977 and Regulatory Guide 1.113, " Estimating Aquatic !Dispersion of Effluents from Accidental and Routine Reactor Releases for the
Purpose of Implementing. Appendix 1," April 1977. |i

1 ;

3/4.11.1 3 LIOUID RADWASTE TREATMENT SYSTEM

The OPERABILITY of the liquid radwaste treatment system ensures that this I

system will be available for use whenever liquid effluents require treatment
prior to their release to the environment. The requirement that the
appropriate portions of this system be used, when specified, provides assurance
that the releases of radioactive materials in liquid effluents will be kept "as
low as is reasonably achievable". This specification implements the
requirements of General Design Criterion 60 of Appendix A to 10 CFR Part 50 and
the design objective given in Section II.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 GASEOUS 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 II, Column 1. These limits provide reasonable

'
,

:

l-
-_
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RADIOACTIVE EFFLUENTS !

BASES ]

|
3/4.11.2.1 DOSE RATE (Continued) |

|

assurance that radioactive material discharged in gaseous effluents will not I

result in the exposure of a MEMBER OF THE PUBLIC in an UNRESTRICTED AREA ,
,

either within or outsido the SITE BOUNDARY, to annual average concentrations i

exceeding the limits specified in Appendix B, Table II 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 j
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 ODCH. The specified release rate limits restrict, at all times, the i
corresponding gamma and beta dose rates above background to a MEMBER OF THE :
PUBLIC at or beyond the SITE BOUNDARY to less than or equal to 500 mrems/ year i
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 j
to less than or equal to 1500 mrems/ year.

3

iThe required detection capabilities for radioactive 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 j
|

| 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 requirements of Sections II.B.
III.A, and IV.A of Appendix I, 10 CFR Part 50. The control implements the
guides set forth in Section II.B of Appendix I. 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
radioactive material in gaseous effluents to UNRESTRICTED AREAS will be kept
"as low as is reasonably achievable." The Surveillance Requirements implement
the requirements in Section III.A of Appendix I that conformance with the
guides of Appendix I be shown by calculational procedures based on models and
data such that the actual exposure of a FIMBER 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 radioactive 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 I," Revision 1, October 1977 and Regulatory Guide 1.111, "Hethods for
Estimating Atmospheric Transport and Dispersion of Gaseous 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

'
i

BOUNDARY are based upon the historical average atmospheric conditions.
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RADI0 ACTIVE EFFLUENTS !

IBASES
;

3/4.11.2 3 DOSE - IODINE-131, 10 DINE-133, TRITIUM, AND RADIONUCLIDES IN
PARTICULATE FORM ;

:
This control is provided to implement the requirements of Sections II.C, III.A, i
and IV. A of Appendix I,10 CFR Part 50. The controls are the guides set forth
in Section II.C of Appendix I. 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 radioactive 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 III.A of |
Appendix I that conformance with the guides of Appendix I 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 8 days are dependent upon the existing radionuclide ;

pathways to man, in the areas at and beyond the SITE BOUNDARY. The pathways
i 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 subsequent 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 0FF-GAS TREATMENT SYSTEM

The OPERABILITY of the OFF-GAS TREATMENT SYSTEM ensures that the system
will be available for use whenever gaseous effluents require treatment prior to
release to the environment. The requirement that the appropriate portions of
these systems be used, when specified, provides reasonable assurance that the

! releases of radioactive materials in gaseous effluents will be kept "as low as
is reasonably achievable." This control implements the requirements of General
Design Criteria 60 of Appendix A to 10 CFR Part 50, and the design objectives
given in Section II.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 II.B and
II.C of Appendix I,10 CFR Part 50, for gaseous effluents.

|

|
|
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RADI0 ACTIVE EFFLUENTS

BASES

4

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 radioactive

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 II.B and II.C of Appendix I, 10 CFR Part 50, for gaseous
effluents.

3/4.11.2.8 VENTING OR PURGING
!

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 radioactive 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 ,

i

up to 4 reactors, it is highly unlikely that the resultant dose to a MEHBER 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 HEMBER OF THE PUBLIC to within
the 40 CPR Part 190 limits. For the purpose of the Special Report, it may be
assumed that the dose commitment to the HEMBER 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 20.405c, is
considered to be a timely request and fulfills the requirements of 40 CFR Part '

190 until NRC staff action is 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 HEMBER 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 radioactive materials
in those exposure pathways and for those radionuclides that lead to the highest
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
radioactive 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 i

Radiological 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 j
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 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.

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 Radioanalytical 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
ofSectionIV.B.3ofAppendigIto10CFRPart50. 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 required to produce the quantity (26 kg/ year) of
leafy vegetables assumed in Regulatory Guide 1.109 for consumption by a child.
To determine this minimum garden size, the following assumptions were made:
(1) 20% of the garden was used for growing broad leaf vegetat n (i.e., similar
to lettuce and cabbage), and (2) a vegetation yield of 2 kg/m

|
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RADIOLOGICAL 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 radioactive material in
environmental sample matrices are performed as part of the quality assurance
program for environmental monitoring in order to demonstrate that the results

3are valid for the purposes of Section IV.B.2 of Appendix I to 10 CFR Part 50. ~

END OF SECTION 4.0
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ADMINISTRATIVE CONTROLS

i

ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT
i

5.9.1.7 Routine Annual Radiological Environmental Operating Reports covering |

the operation of the unit during the previous calendar fear 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 j
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 results of land use censuses
required by Control 3 12.2. The Annual Radiological 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 ODCM, as
well as summarized and tabulated results of these analyses and measurments in j
the format of the table in the Radiological Assessment Branch Technical jr

l Position, Revision 1, November 1979. In the event that some individual results i

| 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 i

missing data shall be submitted as soon as possible in a supplementary report. ;
'

f

|The reports shall also include the following: a summary description of the
radiological environmental monitoring program; at least two legible maps * 4

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, required 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 required by Table
4.12.1-1 was not achievable. (
SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT **

5.9.1.8 Routine Semiannual Radioactive 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.

**A 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 radioactive material from each unit.

I
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SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

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

The Semiannual Radioactive Effluent Release Report to be submitted within 60
days after January 1 of each year shall include an annual summary of hourly
meteorological data collected over the previous year. This annual summary may
be either in the form of an hour-by-hour listing on magnetic tape of wind
speed, wind direction, atmospheric stability, and precipitation (if measured),
or in the form of joint frequency distributions of wind speed, wind direction,
and atmospheric stability.*** This same report shall include an assessment of
the radiation doses due to the radioactive liquid and gaseous effluents
released from the unit or station during the previous calendar year. This same
report shall also include an assessment of the radiation doses from radioactive
liquid and gaseous effluents to MEMBERS OF THE PUBLIC due to their activities
inside the SITE BOUNDARY (Figure 3.0-1) during the report period. All
assumptions used in making these assessments, i.e., specific activity, exposure
time and location, shall be included in these reports. The assessment of
radiation doses shall be perforned in accordance with the methoG? logy and
parameters in the OFFSITE DOSE CALCULATION HANUAL (ODCM).

The Semiannual Radioactive Effluent Rc'. ease Report to be submitted 60 days
after January 1 of each year shall also include an assessment of radiation
doses to the likely most exposed MEMBER OF THE PUBLIC from reactor releases and
other nearby uranium fuel cycle sources, including doses from primary effluent
pathways and direct radiation, for the previous calendar year to show
confor mance with 40 CFR Part 190, Environmental Radiation Protection Standards
for Nuclear Power Operation. The assessment of radiation doses shall be
performed in accordance with methodology and parameters in the ODCH.

The Semiannual Radioactive Efluent Release Reports shall include the following
information for each class of solid waste (as defined by 10 CFR Part 61)
shipped offsite during the report period:

a. Container volume,

b. Total curie quantity (specify whether determined by measurement or
esticate),

***In lieu of submission with the first half year Semiannual Radioactive
Effluent Release Report, the licensee has the option of retaining this summary
of required meteorological data on site in a file that shall be provided to the
NRC upon request.

- _ _ _ _ _ _ _ _ _ _ _ .
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| ADMINISTRATIVE CONTROLS i

|

SEMIANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

c. Principal radionuclides (specify whether determined by measurement or
| estimate),

1

| 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 Radioactive Effluent Release Reports shall include a list and
description of unplanned releases from the site to UNRESTRICTED AREAS of

:
radioactive materials in gaseous and liquid effluents made during the reporting j
period.

The Semiannual Radioactive Effluent Release Reports shall include any changes
made during the reporting period to the OFFSITE DOSE CALCULATION MANUAL (ODCH) i

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 i

| the land use census pursuant to Control 3.12.2. |
|

The Semiannual Radioactive Effluent Release Reports 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, resoectively; and description of the events

,

leading to liquid holdup tanks exceeding the limits of Technical Specification
3.11.1.4.

'
|

! 5.15 MAJOR CHANGES TO RADI0 ACTIVE LIQUID, CASEOUS, AND SOLID WASTE TREATMENT
SYSTEMS *

5.15.1 Licensee-initiated major changes to the radioactive waste systems
(liquid, gaseous, and solid):

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

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

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

| * Licensees may choose to submit the information called for in this Control as
j- part of the annual FSAR update.
t .

. _ _ _ _, _ _ . __
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I
3 A cetailed description of the equipment, components, and

processes involved and the interfaces with other plant
;

systems;
I

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

! 5. An evaluation of the change, which shows the expected maximum
i 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 j
thereto;

i

6. 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;

|

| 7. An estimate of the exposure to plant operating persor.nel as a
! result of the change; and
!

I 8. Documentation of the fact that the change was reviewed and
found acceptable by the OSRO.

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

| END OF SECTION 5.0

|

|

!

!

-
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LIQUID EFFLUENTS

6.0 LIQUID EFFLUENTS

This section summarizes information on the liquid effluent radiation monitoring
instrumentation and controls. FAore detailed information is provided in the Fermi 2 UFSAR ,

'and Fermi 2 design drawings from which this summary was derived. This section also
'describes the sampling and analysis required by the Offsite Dose Calculation fdanual.

fAethods for calculating alarm setpoints for the liquid effluent monitors are presented. Also, j

methods for evaluating doses from liquid effluents are provided. j
|

6.1 Radiation Monitoring Instrumentation and Controls

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

6.1.1 Offsite Dose Calculation FAanual (ODCfA) 3.3.7.11 Requirement

Fermi 2 ODCfA 3.3.7.11 prescribes the monitoring required during liquid I
|relea',es and the backup sampling required when monitors are inoperable.

The liquid effluent monitoring instrumentation for controlling and monitoring
radioactive effluents in accordance with the Fermi 2 ODCIA 3.3.7.11 is
summarized below:

1. Radiation Alarm - Automatic Release Termination,

|

a. Liquid Radwaste Effluent Line - The D11-N007 Radiation fAonitor

on the liquid radwaste effluent line provides the alarm and
automatic tertaination of liquid radioactive material releases prior
to exceeding 1 fAaximum Permissible Concentration (fdPC)
(10 CFR 20, Appendix B, Table 11, Column 2) required by
ODCfA 3.3.7.11. The monitor is located upstream of the isolation
Valve (G11-F733) on the liquid radwaste discharge line and ;

monitors the concentration of liquid effluent before dilution by the |
circulating water reservoir (CWR) decant flow. !

2. Radiation Alarm (only)

a. Circulating Water Reservoir (CWR) Decant Line - The CWR Decant
i Line Radiation FAonitor (D11-N402) provides indication of the

concentration of radioactive material in the diluted radioactive
liquid releases just before discharge to Lake Erie. As required by
ODCfA 3.3.7.11 the alarm setpoint is established to alarm (only)
prior to exceeding one FAPC.

ARMS - INFORfAATION SERVICES

Date approved: ~7- 30- 9 2. Release authorized by: 3 b, d e 7I w thinwu
'

Change numbers incorporated: 91-104-ODfA

Date ht)6et f Y |???DSN 00C K -6.0 Rev 4

DTC TfAPLAN File 1715.02 Recipient g5 %.>.

!

I

_ _____ _ ____ _ _



- _. . . . ... -

:

ODCM-6.0 *

Revision 4 !

Page 6.0-3
j

3. Flow Rate Measuring Devices f
a. Liquid Radwaste Effluent Line - In accordance with ODCM 3.3.7.11, |

the release rate of liquid radwaste discharges is monitored by i

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 3.3.7.11, the flow rate of the CWR decant line is monitored I

by N71-R802. The flow rate instrumentation is located on the j
decant line downstream of the junction with the liquid radwaste '

effluent line. This instrumentation measures the total discharge i

|flow rate from Fermi 2 to Lake Erie.

6.1.2 Non-ODCM Required Monitor i

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

1. General Service Water - The General Service Water (GSW) Radiation
Monitor (D11-N008) provides additional control of potential radioactive !
effluents. D11-N008 monitors the GSW System prior to discharge into {the Main Condenser circulating water discharge line to the Circulating j
Water Reservoir. Although not an ODCM required monitor, D11-N008 |

monitors a primary liquid stream in the plant that also discharges to i
the environment (Lake Erie via the Circulating Water Reservoir). ,

indication of radioactive material contamination in the GSW System |would also indicate potential CWR contamination and the need to i

control all dischnges froni the CWR as radioactive effluents.
!

| 6.2 Sampling and Analysis of Liquio Effluents
{l '

| The program for sampling and analysis of liquid waste is prescribed in the Fermi 2 I

Offsite Dose Calculation Manual Table 4.11.1.1.1-1. This table distinguishes two types
! of liquid releases:
|

| BATCH releases, defined as discrete volumes, normally processed through 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 is not expected to become contaminated. Therefore, continuous
radioactive 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 i

Lake Erie. For these reasons,it is prudent to consider the GSW and the CWR a l
! potential source of radioactive effluents and to sample them regularly.

I
!

4

.. - - - _ . , .
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6.2.1 BATCH Releases

Fermi 2 ODCM Table 4.11.1.1.1-1 requires that a sample representative of
the tank contents be obtained before it is released. The table specifies the
following program:

- Prior to sampling, the tank is isolated. The tank level is determined
and this value is converted to tank volume. A pump with a known
recirculation flow rate is then activated to recirculate tank contents.
The pump is allowed to run for at least the time required to !

recirculate the tank volume twice.

- Prior to 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 6.2.2 below.)

- Once per month, analysis of a composite sample of all releases that i

month for tritium (H-3) and gross alpha activity. (The composite
sample is required to be representative of the liquids released and
sample quantities of the composite are to be proportional to the

'quantities of hauid discharged).

- Once per quarter, analysis of a composite sample of all releases that
quarter for Strontium (Sr)-89, Sr-90. and fron (Fe)-55.

6.2.2 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 (

} following sample analysis:

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

i
- 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, -90 and Fe-55.

NOTE: Identification of noble gases that are principal gamma emitting
radionuclides are included in the gamma spectral analysis performed on all
hquid radwaste effluents. Therefore, the ODCM Table 4.11.1.1.1-1 sampling
and analysis for noble gases in batch releases (one batch per month) and
continuous releases (monthly analysis of weekly grab samples) need not be
performed as a separate program. The gamma spectral analysis on each
batch release and on the CWR monthly composite meets the intent of this
ODCM requirement.

!

|

|

|

l

l
_ _ _ _ _ _ _ _ _ _ _ - _ - - __
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6.3 Liquid Effluent Monitor Setpoints

Offsite Dose Calculation Manual 3.11.1.1 requires that the concentration of liquid
radioactive effluents not exceed the unrestricted area fAPC at the discharge point to
Lake Erie. Dissolved or entrained noble gases in liquid effluents are limited to a
concentration of 2 E-04 uCi/mi, total noble gas activity. ODCM 3.3.7.11 requires that i

'radiation monitor setpoints be established to alarm and trip prior to exceeding the
limits of ODCfA 3.11.1.1.

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

,

J

CL (DF + RR) !
SP < iRR

(6-1) !
where:

SP the setpoint, in uCi/ml, of the monitor measuring the radioactivity=

concentration in the effluent line prior to dilution. The setpoint {
represents a value which, if exceeded, would result in concentrations - !

exceeding the MPC in the unrestricted area |

CL the effluent concentration limit (ODCfA 3.11.1.1) implementing 10 CFR=

Part 20.106 (i.e., MPC at discharge point) in UCi/ml, defined in
Equation (6-4) ,

, !

| RR 'the liquid effluent release 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 flow as measured prior to 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 to_ meet the
condition of Equation (6-1) for a given effluent Concentration Limit, CL.

NOTE: If no dilution is provided, SP < CL. Also, when DF is large compared to RR, ;
then (DF + RR)-DF.

|

6.3.1 Liquid Radwaste Effluent Line Monitor (D11-N007) -

Liquid Radwaste Effluent Line Monitor D11-N007 provides alarm and
automatic termination of releases prior to exceeding MPC. As required by
ODCM Table 4.11.1.1.1-1 and as discussed in ODCM Section 6.2.1, a sample
of the liquid radwaste to be discharged is collected and analyzed by gamma
spectroscopy to identify principal gamma emitting radionuclides. From the
measured individual radionuclide concentrations, the allowable release rate

! is determined.

The allowable 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 to as the *MPC fraction" and is
calculated by the equation:

- - -- - - .- _ - ._ -_ .
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i,

FAPCF =
mci

where: !

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

emitting radionuclides

Ci concentration of each gamma emitting radionuclide i measured=

in each tank prior to release (uCi/mi)

MPCi unrestricted area most restrictive MPC for each radionuclide i=

from 10 CFR Part 20, Appendix B, Table II, Column 2. For
dissolved and entrained noble gases an MPC value of
2E-04 uCi/ml shall be used.

Based on the MPCF, the maximum allowable release rate can be calculated
by the following equation:

I (MPCF x (1+BF ) + H3MPCF
(6-3)

where:

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

(Monitor #G11-R703)

DF dilution flow rate from the CWR as observed from the=

Control Room readout (gal / min) (Monitor #N71-RS02)
|

SF administrative safety factor to account for variations in monitor=

response and flow rates. A SF value of 0.5 is suggested
|because it provides for 100% variation caused by statistical

fluctuation and/or errors in measurements.

BF conservative estimate of the ratio 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)
1

H3MPCF conservative estimate of MPC fraction due to tritium (The value=

SE-1 may be used for H3MPCF.)

NOTE: Equation (6-3) is valid only for 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.

!
!
I

L
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if MAX RR as calculated above is greater than the maximum discharge
pump capacity, the pump capacity should be used in establishing the actual
Release Rate RR for the radwaste discharge. For the Waste Sample Tank,

j the maximum discharge rate is 50 gallons per minute. The actual Release
'

Rate RR is monitored in the Radwaste Control Room by G11-R703.

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

CL C:=

! MFCF

| (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 to account for the presence of pure beta emitters the alarm

setpoint is calculated by the equation:

(C. * SEN;) * DF * H3Fgp -
fAPCF * 11+BF) * RR

+ Bkg

(6-5)
where:

SP setpoint of the radiation monitor counts per second (cps)=

Ci concentration of radionuclide i as measured by gamma=

! spectroscopy (uCi/ml)

SEN; monitor sensitivity for radionuchde i based on calibration=

curve (cps /(uCi/ml)) or single conservative value for all
radionuclides (see below)

RR actual release rate of the liquid radwaste discharge (gal / min)=

BF pure beta factor as defined for Equation (6-3)=

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

H3F correction factor to account for estimated tritium concentration=

at the discharge point (The value 0.99 may be used.)

Bkg background reading of monitor (cps)=
,

DF dilution flow rate of Circulating Water Decant Line as observed=

| from Control Room readout (gal / min) monitor #N71-R802.
1

A monitor sensitivity value of 1.0 E6 cps /(uCi/ml) may be used in lieu cf -

sensitivity values for individual radionuclides. This value is the sensitivity of
Cr-51 determined from the primary calibration sensitivity curve. It is a
conservative value for the nuclide mixes which have been seen in actual
liquid discharges frorn Fermi 2. |

|
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ff no radionuchdes are measured by gamma spectroscopy, the alarm
setpoint can be established at one half the setpoint of the previous
discharge.

i

I
Prior to conducting any batch liquid radwaste release, Equation (6-3) is used

,

to determine the allowable release rate in accordance with ODCM 3.11.1.1. i

Equation (6-5) is used to determine the D11-TJ007 alarm setpoint in
accordance with ODCfA 3 3.7.11. i

o3J Circulating Water Reservoir Decant Line Radiation Monitor (D11-N402)

ODCfA 3 3.7.11 requires that the setpoint for the CWR Decant Line Radiation
TAonitor D11-f4402 be established to 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 8. Table 11. Column 2).
The approach for determining the alarm setpoint for the CWR Decant Line
Radiation IAonitor is the same as presented in Section 6.3.1 for the Liquid

,Radwaste Effluent Line Monitor. However, the CWR Decant Line Radiation
Monitor setpoint need not be changed prior to each release. Equation (6-1)
remains valid, except that, for the CWR Decant Line Monitor, the dilution
flow previously assumed for diluting the BATCH liquid radwaste effluents is,

! now the release rate. There is no additional dilution prior to discharge to
take Erie. Thus. Equation (6-1) simphfies to:

1

SP < CL
,

'

~

(6-6) |

|

Substituting Equation (6-4) for CL and introducing a safety factor, sensitivity
tactors. and monitor background, the D11-fJ402 alarm setpoint can be
calculated by the equation:

(C. * SEN.) * SF |SP < ;
_ EF + BLg j

(6-7) I

where:

SP setpoint in counts per minute (cpm)=

,

Ci concentration of each radionuclide i in the CWR decant line=

effluent uCi/ml)

SEfJ monitor sensitivity for nuclide i based on cahbration curve=

(cpm /(uCi/ml))

!APCF f4PC fraction as determined by Equation (6-2)=

SF 0.5, administrative safety factor=

Big background reading of monitor (cpm)=

Normally only during periods of batch liquid radwaste discharges will there
exist any plant-related radioactive material in the CWR decant line.
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6.3.3 Generic Conservative Alarm Setpoint for D11-N402

The D11-N402 setpoint could be adjusted for each BATCH release as is
done for the liquid radwaste effluent line monitor. Based on the measured

levels of radioactive material in a 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 diluoon) that the D11-N402 Monitor will not indicate measurable
levels. The CWR decent line design flow is 10,000 gpm; and the maximum
liquid radwaste release rate is 50 gpm, providing a 200:1 dilution. The

the range of 10~gial concgntration of BATCH liquid releases is typically in
radioactive mate

to 10~ uCi/ml. With a nominal 200:1 dilution
(actual dilution has been greater since in actual releases the decant line ;

flow rate has been about 18,000 gpm), the CWgecant line ponitor 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 less than the monitor
background levels. '

in lieu 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.

6.3.4 Alarm Setpoint for GSW and RHR System Radiation Monitors
i

I.evels of radioactive material detectable above background at Radiation
Monitor D11-N008 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 to background as possible without incurring a spurious '

alarm due to background fluctuations. This level is typically around three
times background.

| If the GSW System or RHR System becomes contaminated, it may become
necessary to 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 i

reading. No regulatory limits apply for establishing a 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, as a
|'

practical matter, upper limits on the alarm setpoints can be evaluated using i
the methods of ODCM Section 6.3.1 based on the actual system flows, 1

dilution and release paths in effect at the time.

1
,

!

i

| i

|
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6.3.5 Alarm Response - Evaluating Actual Release Conditions

Normally, liquid release rates are controlled and alarm setpoints are
established to ensure that the release does not exceed the concentration
limits of ODCM 3.11.1.1 (i c.,10 CFR 20 MPCs at the discharge to Lake Erie).
However, if either Monitor D11-N007 or D11-N402 alarms during a liquid
release, it becomes necessary to re-evaluate the release conditions to
determine compliance with ODCM 3.11.1.1. Following an alarm, the actual |

release conditions should be determined. Radioactive material
concentrations should be evaluated by sampling the effluent stream or
resampling the waste tank. Discharge flow and dilution water flow should
be redetermined.

The following equation may be used for the evaluation:
;

CMPCj
,

C. RR <j i.

DF + RR
(6-8)_ _

where:

1

Ci measured concentration of radionuclide i in the effluent |
=

stream (uCi/ml) |

MPCi the MPC value for radionuclide i from 10 CFR 20. Appendix B,=
,

Table 11, Column 2 (uCi/ml),2 E-04 uCi/mi for dissolved or
entrained noble gases

RR actual release rate of the liquid effluent at the time of the=

alarm, gpm |

DF actual dilution circulating water flow at the time of the release
|

=

alarm, gpm

NOTE: For alarm on D11-N402 (CWR decant line), the Release Rate RR is the
Dilution Water Flow DF and the equation simphfies to (C /MPC ) <1.

6.3.6 Liquid Radwaste Monitor Setpoint Determination with Contaminated
Circulating Water Reservoir

in the event the CWR is deterrained to 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 flow 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 allowable release rate for discharges from the radwaste
system. Substituting the available CWR dilution flow from equation (6-9),
the Liquid Radwaste fAonitor maximum release rate can be determined using
equation (6-3).

| Once the available dilution flow and maximum allowable release rate have
l been determined the radwaste monitor setpoint can be determined using

equation (6-5).

6.4 Contaminated GSW or RHR System - Quantifying and Controlling Releases

The GSW Radiation Monitcr (D11-N008) 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 liquid
| releases from the plant and would record any release to Lake Erie from either of
( these systems if contaminated. As discussed in ODCfA Section 6.2.2, sampling and
| analysis of the CWR System is required only if this system is contaminated, as would *

| be indicated by D11-N402 or D11-N008. Nonet'heless, periodic samples are collected
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 releases 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 controlled to ensure
that releases are maintained ALARA. The following actions will be considered for ,

controlkng 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
controlled. This frequency may be relaxed after the source of contamination
has been identified and isolated. '

- Gamma spectral analysis will be performed on each sample.

- The measured radionuclide concentrations from the gamma spectral
analysis will be compared with MPC (Equation 6-2) to ensure releases are
within the limits 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,

l Sect' ion 6.3.2. If the calculated setpoint based on the measured distribution
is greater than the current setpoint (see ODCM Section 6.3.3) no adjustment
to the setpoint is required.

|
- Samples will be composited in accordance with ODCM Table 4.11.1.1.1 - 1 f or

| monthly analysis for H-3 and gross alpha and for quarterly analysis for
i Sr-89, 90 and Fe-55.

'

Each sample will be cons;dered representative of the releases that have-

occurred since the previous sample. For each sample (and corresponding
release period), the volume of liquid released to the lake will be determined
based on the measured CWR decant line cumulative flow.

|

|
1

!
'

i

l. j
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|
- From the sample analysis and the calculated volume released, the total

radioactive matersal released will be determined and considered
representative of the release period. Cumulative doses will be determined
in accordance with ODCfA Section 6.5.

6.5 Liquid Effluent Dose Calculation - 10 CFR 50

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

6.5.1 FAEfABER OF THE PUBLIC Dose - Liquid Effluents

ODCfA 3.11.1.2 limits the dose or dose commitment to METABERS OF THE
PUBLIC from radioactive materials in liquid effluents from Fermi 2 to:

- during any calendar quarter;
51.5 mrem to total body
i 5.0 mrem to any organ

- during any calendar year;
5 3.0 mrem to total body
510.0 mrem to any organ

The calculation of the potential doses to MEMBERS OF THE PUBLIC is a
function of the radioactive material releases to 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 conservative estimate of doses from releases of
radioactive liquids. However, with the proximity of the water intake for the
City of fdonroe, it must be assumed that individuals will consume drinking
water as well as fish that might contain radioactivity from discharges into
Lake Erie.

Study of the currents in Lake Erie indicates that the current in the f
Lagoona Beach embayment carries liquid effluents from Fermi 2 north along
the coast part of the time and south along the coast part of the time.
When the current flows north, liquid effluents 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

j
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 to a MEMBER OF THE PUBLIC 1

from liquid radioactive effluents. The following calculational methods may '

be used for determining the dose or dose commitment due to the liquid
i radioactive effluents from Fermi 2:
1

1

!
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1.67 E-02 , VOL .[(C; Ag)D =
DF * Z

(6-10)

where:

Do dose or dose commitment to organ o or total body (mrem)=

Ajo site-specific ingestion dose commitment factor to the total=

body or any organ o for radionuclide i
(mrem /hr per uCi/ml)

Ci average concentration of radionuclide i in undiluted liquid=

effluent representative of the volume VOL (uCi/ml)

| VOL total volume of liquid effluent released (gal)=

DF average dilution water flow (CWR decant line) during=

release period (gal / min)

Z 5, near field dilution factor=

(Derived from Regulatory Guide 1.109, Rev 0)

1.67 E-02 1 hr/60 min=

The site-specific ingestion dose / dose commitment factors (Ajo)
,

represents a 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 Aio are presented in ,

Table 6-1. They were derived in accordance with guidance of NUREG-0133 !

from the following equation:

Aio = 1.14 E + 05 (Uw / Dw + Up * BFj) DFj
(6-11)

where:

UF 21 kg/yr adult fish consumption=

Uw 730 liters /yr adult water consumption=

Dw 15.4, additional 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)

BFi Bioaccumulation factor for radionuclide i in fish from=

Table 6-2 (pCi/kg per pCi/ liter)

DFj dose conversion factor for nuclide i for adults in organ o=

from Table E-11 of Regulatory Guide 1.109 (mrem /pCi)

6 ( Ci/uCi) 1 3 (ml/kg)1.14 E + 05 10 10=

8760 (hr/yr)
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|
; The radionuclides included in the periodic dose assessment required by '

'

ODCfA 3.11.1.2 are those identified by gamma spectral analysis of the liquid
waste samples collected and analyzed per the requirements of
ODCfA Table 4.11.1.1.1-1. In keeping with the NUREG-0133 guidance, the 1

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 ODCfA 3.11.1.2. The dose analysis for
radionuclides requiring radiochemical analysis will be performed after
receipt of results of the analysis of the composite samples. In keeping with

| the required analytical frequencies of ODCM Table 4.11.1.1.1-1, tritium dose
analyses will be performed at feast monthly; Sr-89, Sr-90 and Fe-55 dose
analyses will be performed at least quarterly.

6.5.2 Simplified Liquid Effluent Dose Calculation
,

in lieu of the individual radionuclide dose assessment presented in
Section 6.5.1, the following simplified dose calculation may be used for
demonstrating compliance with the dose limits of ODCM 3.11.1.2. (Refer to
Appendix A for the derivation of this simplified method.)

Total Body
i

'
,

D = 9.69 E + 03 , VOL [C; '

g ,

DF * Z>

(6-12)

| Maximum Organ |

D = 1.18 E + 04 VOL { C,,

DF * Z
(6-13)

where:

I

Ci average concentration of radionuclide i in undiluted
!

=

liquid effluent representative of the volume VOL (uCi/ml) |
|

VOL volume of undiluted liquid effluent reb.tased (gal)=

DF average dilution water flow (CWR decant line) during=

i
release period (gal / min) j

5, near field dilution factor (derived from Regulatory !Z =

Guide 1.109, Rev 0)

Dtb conservauvely evaluated total body doss fmrem)=

Dmax conservatively evaluated maximum organ dose (mrem)=

9.69 E + 03 0.0167 (hr/ min) * 5.80 E + 05 (mrem /hr per uCi/ml,=

Cs-134 total body dose f actor from Table 6.0-1)

1.18 E + 04 0.0167 (hr/ min) * 7.09 E + 05 (mrem /hr per uCi/ml,-

Cs-134 liver dose factor from Table 6.0-1)
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6.5.3 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 l

MEMBER OF THE PUBLIC as required by ODCM 3.11.1.2. ODCM Section 6.4
described the methods for quantifying and controlling releases from the i

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 following
assumptions:

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

i
- Cg, Radionuclide Concentration, is determined as specified in ODCM

Section 6.4. (
!

- VOL, Volume Released, is set equal to the total volume of the j

discharges to Lake Erie via the CWR decant line as specified in '

Section 6.4.
,

|
6.6 Liquid Effluent 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: !

|
- 0.06 mrem to the total body, or |

.

- 0.2 mrem to any organ
I

;
| 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 ton Exchange System as delineated in Figure 6-1. Alternately,
the Waste Evaporator (presented in the Fermi 2 UFSAR, Section 11.2) can be used to
meet the NRC ALARA design requirements. It may be used in conjunction with or in
lieu of the ion Exchange System to meet the waste processing requirements of

; ODCM 3.11.1.3.
I

Each BATCH release of liquid radweste is evaluated to ensure that cumulative doses
are maintained ALARA. In keeping with the requirements of ODCM 3.11.1.3, dose
projections are made at least once per 31 days to evaluate the need for additional

] radwaste processing to ensure future releases are maintained ALARA.
|

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

i

|

1

,.
- - - . . . - _ __ - ., - _ _ . . - - _
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Dtbp =Dtb (31 / d) |
(6-14) |

Dmaxp = Dmax (31/ d)
(6-16)

i

1where: '

1

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

NOTE: 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 quarter, the previous quarter should be used as the reference
calendar quarter.

Dtb the cumulative total body dose for all releases to date in the reference=

calendar quarter (normally the current quarter) as determined by
equation (6-10) or (6-12) (mrem)

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

Dmax the cumulative maximum organ dose for all releases to date in the j
=

reference calendar quarter as determined by Equation (6-10) or
|(6-13) (mrem) i

d the number of days from the beginning of the reference calendar )
=

quarter to the date of the dose projection evaluation. j

| 31 the number of days in projection=

!

END OF SECTION 6.0
|

|

l

|
| \

, :

I

|

l______._______________________._
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TABLE 6.0-1

Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors
Ajo (mrem /hr per uCi/ml)

Nuclide Bone Liver T Body Thyroid Kidney Lung GI-LLI

H-3 - 7.94E-1 7.94 E- 1 7.94 E- 1 7.94E-1 7.94 E- 1 7.94 E- 1
C-14 3.13 E + 4 6.26E+3 6.26E+ 3 6.26E+3 6.26 E + 3 6.26E + 3 6.26E+3
Na-24 4.16 E+ 2 4.16 E+2 4.16 E+ 2 4.16 E + 2 4.16 E + 2 4.16 E+ 2 4.16 E+ 2
P-32 1.39 E + 6 8.62 E+ 4 5.36 E + 4 - - - 1.56E+ 5
Cr-51 - - 1.29 E+ 0 7.70 E- 1 2.84 E- 1 1.71 E + 0 3.24E+2

Mn-54 - 4.40E + 3 8.40E+2 - 1.31 E + 3 - 1.35 E+ 4
Mn-56 - 1.11 E+ 2 1.96 E + 1 - 1.41 E +2 - 3.53E+3
Fe-55 6.73E + 2 4.65 E+ 2 1.08E+ 2 - - 2.59 E + 2 2.67 E+2
Fe-59 1.06 E + 3 2.50E+3 9.57E+2 - - 6.98 E+ 2 8.32 E +3
Co-57 - 2.19 E + 1 3.64 E+ 1 - - - 5.55E+ 2

Co-58 - 9.32 E + 1 2.09E+2 - - - 1.89E+3
Co-60 - 2.68E+ 2 5.90E+2 - - - 5.03E+3
Ni-63 3.18 E + 4 2.21 E + 3 1.07 E+ 3 - - - 4.60E+2
Ni-35 1.29 E+ 2 1.68E + 1 7.66 E + 0 - - - 4.26 E + 2

|
Cu-64 - 1.04 E + 1 4.89 E+ 0 - 2.63 E + 1 - 8.88E+2

.n-65 2.32 E + 4 7.38 E + 4 3.34 E+ 4 - 4.94E+4 - 4.65E+4
Zn-69 4.94 E+ 1 9.4 4 E + 1 6.57E+ 0 - 6.14 E+ 1 - 1.42 E+ 1 ,

Br-82 - - 2.28 E + 3 - - - 2.62 E +3
'

Br-83 - - 4.06 E+ 1 - - - 5.85 E + 1
'

Br-84 - - 5.27E+1 - - - 4.13E-4

Br-85 - - 2.16 E+ 0 - - - 1.01 E- 15
Rb-86 - 1.01 E + 5 4.71 E+ 4 - - - 1.99 E+ 4 1

Rb-88 - 2.90 E + 2 1.54 E+ 2 - - - 4.01 E-9 I
Rb-89 - 1.92 E + 2 1.35 E + 2 - - - 1.12E-11
Sr-89 2.38 E + 4 - 6.83E+2 - - - 3.81 E+3

Sr-90 5.85 E + 5 - 1.44 E4 5 - - - 1.69 E+ 4
Sr-91 4.38E+2 - 1.77E + 1 - - - 2.09 E + 3

i Sr-92 1.66E+ 2 - 7.18E + 0 - - - 3.29 E+ 3
Y-90 6.28E-1 - 1.68E-2 - - - 6.66E+ 3
Y-91 m 5.93E-3 - 2.30E-4 - - - 1.74 E-2

Y-91 9.20E+ 0 - 2.46E-1 - - - 5.06 E + 3
| Y-92 5.51E-2 - 1.61 E-3 - - - 9.66E+2 |j Y-93 1.75 E-1 - 4.83E-3 - - - 5.55 E+ 3

'

I Zr-95 4.04 E- 1 1.30 E-1 8.78E-2 - 2.04 E- 1 - 4.11 E + 2
I Zr-97 2.24 E-2 4.51 E-3 2.06E-3 - 6.81E-3 - 1.40E+3
|

Nb-95 4.4 7 E +2 2.4 9 E + 2 1.34 E + 2 - 2.46 E + 2 - 1.51 E + 6
'b-97 3.75 E + 0 9.4 8E-1 3.46 E- 1 - 1.11 E+ 0 - 3.50E+3

, do-99 - 1.26 E + 2 2.41 E + 1 - 2.86 E + 2 -

2.93 E + 2 Il Tc-99m 1.02 E-2 2.88E-2 3.67E-1 - 4.38E-1 1.41 E-2 1.71 E + 1
l Tc-101 1.05 E-2 1.51 E-2 1.48E- 1 - 2.72 E- 1 7.73E-3 4.54E-14

|
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)TABLE 6.0-1
;

Fermi 2 Site Specific Liquid Ingestion Dose Commitment Factors
Ajo (mrem /hr per uCi/ml)

|
|

Nuclide Bone Liver T Body Thyroid Kidney Lung GI-LLI

Ru-103 5.43 E + 0 - 2.34 E+ 0 - 2.07 E+ 1 - 6.34 E+ 2 I
| Ru-105 4.52E-1 - 1.78E- 1 - 5.84E+0 - 2.76 E + 2 I

Ru-106 8.07E+ 1 - 1.02 E+ 1 - 1.56 E+ 2 - 5.22E+3 j
Rh-103m - - - - - - -

Rh-106 - - - - - - -
1

l
Ag-110m 1.75E+ 0 1.61 E4 0 9.59E-1 - 3.17E + 0 - 6.59E+ 2
Sb-124 2.18 E+ 1 4.13 E- 1 8.66E + 0 5.29 E-2 - 1.70 E+ 1 6.20 E + 2 I
Sb-125 1.40 E+ 1 1.56E-1 3.32 E+ 0 1.42 E-2 - 1.08 E + 1 1.54 E+ 2
Te-125m 2.58E + 3 9.35E+ 2 3.46 E + 2 7.76 E* 2 1.05 E + 4 - 1.03 E44 .

| Te-127m 6.52 E + 3 2.33E+3 7.94 E + 2 1.67E + 3 2.65E+4 - 2.19E+ 4 '

Te-127 1.06 E + 2 3.80 E+ 1 2.29E+ 1 7.85 E + 1 4.31 E4 2 - 8.36 E + 3 |Te-129m 1.11E + 4 4.13 E+ 3 1.75 E + 3 3.80E+3 4.62E+4 - 5.58E+4 i

Te-129 3.02 E + 1 1.14 E + 1 7.37 E + 0 2.32 E + 1 1.27 E+2 - 2.28E+ 1
Te-131m 1.67 E + 3 8.15 E + 2 6.79E + 2 1.29 E + 3 8.25E+ 3 - 8.09E+4 !
Te-131 1.90E + 1 7.93 E+ 0 5.99E+ 0 1.56 E + 1 8.31 E + 1 - 2.69E+ 0 |

|
| Je-132 2.43 E +3 1.57E+3 1.4 7E+ 3 1.73 E + 3 1.51 E+4 - 7.42E+ 4 '

|-130 3.12 E + 1 9.21 E+ 1 3.64 E + 1 7.81 E + 3 1.44 E + 2 - 7.93 E+ 1 {l 1-131 1.72 E+ 2 2.46 E+ 2 1.41 E+ 2 8.06E+4 4.21 E + 2 - 6.49 E + 1
1-132 8.39 E+ 0 2.24 E+ 1 7.85 E + 0 7.85 E+ 2 3.57 E + 1 - 4.21 E+ 0
1-133 5.87E+ 1 1.02 E+ 2 3.11 E + 1 1.50 E+ 4 1.78E + 2 - 9.17 E+ 1

1-134 4.38E + 0 1.19 E + 1 4.26E+ 0 2.06E+2 1.89 E + 1 - 1.04 E-2
1-135 1.83E + 1 4.79 E + 1 1.77 E + 1 3.16 E + 3 7.68 E + 1 - 5.41 E+ 1
Cs-134 2.98E+ 5 7.09 E+ 5 5.80E+ 5 - 2.30E+ 5 7.62 E + 4 1.24 E + 4
Cs-136 3.12 E+ 4 1.23 E + 5 8.87E+4 - 6 85E+4 9.40E+3 1.40 E+ 4
Cs-137 3.82E+ 5 5.22 E+ 5 3.42 E+ 5 - 1.77E4 5 5.90E+4 1.01 E+4

| Cs-138 2.65E + 2 5.22 E + 2 2.59E+2 - 3 84E+2 3.79 E+ 1 2.23E-3
Ba-139 1.4 5 E+ 0 1.04E-3 4.25 E-2 - 9.68E-4 5.87E-4 2.58E + 0
Ba-140 3.04 E + 2 3.82 E-1 1.99 E+ 1 - 1.30 E- 1 2.19 E- 1 6.26E+2 !

Ba-141 7.06E-1 5.33E-4 2.38E-2 - 4 96E-4 3.03E-4 3.33E- 10
Ba-142 3.19 E- 1 3.28E-4 2.01 E-2 - 2.77E-4 1.86E-4 4.49E-19

La-140 1.63 E- 1 8.22E-2 2.17E-2 - - - 6.04 E +3
La-142 8.35E-3 3.80E-3 9.46E-4 - - - 2.77 E+ 1 ,

Ce-141 7.30E-2 4.94 E-2 5.60E-3 - 2.29E-2 - 1.89 E+ 2 iCe-143 1.29E-2 9.51E40 1.05E-3 - 4.19E-3 - 3.56E+2
Ce-144 3.81 E4 0 1.59 E+ 0 2.04E-1 - 9 44E-1 - 1.29 E+ 3

Pr-143 6 00E-1 2.41 E- 1 2.98E-2 - 1.39 E-1 - 2.63E+3
'r- 144 1.96E-3 8.16 E-4 9.9 B E-5 - 4.60E-4 - 2.83E-10

dd- 147 4.10 E- 1 4.74 E- 1 2.84 E-2 - 2.77 E-1 - 2.28E+ 3
W-187 2.96E+2 2.48E+ 2 8.66 E+ 1 - - - 8.12 E + 4
Np-239 3.49 E-2 3.43E-3 1.89E-3 - 1.07E-2 - 7.04 E+ 2

i
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TABLE 6.0-2
i

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

|

% ment Freshwater Fish
!

H 9.0E-01
C 4.6E+03
Na 1.0E+ 02
P 3.0E+03
Cr 2.0E+02
Mn 4.0E+02

| Fe 1.0E + 02
Co 5.0 E+ 01
Ni 1.0E + 02
Cu 5.0E + 01
Zn 2.0E+03
Br 4.2 E+ 02
Rb 2.0E+03
Sr 3.0 E+ 01
Y 2.5 E+ 01
Zr 3.3 E + 00
Nb 3.0 E + 04

i Mo 1.0E+ 01
! Tc 1.3 E+ 01

Ru 1.0 E+ 01
l

Rh 1.0E+ 01
Ag 2.3 E + 00
Sb 1.0E+00
Te 4.0 E + 02
1 1.5 E+ 01
Cs 2.0 E+ 03
Ba 4.0E+ 00
La 2.5E+ 01
Ce 1.0 E + 00
Pr 2.5 E + 01
Nd 2.5E+ 01
W 1.2E403
Np 1.0E + 01

|

* Values in this table are taken from Regulatory Guide 1.109 except for phosphorus, which is
adapted from NUREG/CR-1336, and silver and antimony, which are taken from UCRL 50564,
Rev 1, October 1972.i

!
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!
GASEOUS EFFLUENTS

)
1

7.0 GASEOUS EFFLUENTS

!
7.1 Radiation Monitoring Instrumentation and Controls

|
|

7.1.1 Effluent Monitoring - Ventilation System Releases
|

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

ODCM 3.3.7.12. The monitoring of each identified gaseous effluent release {
point must include the following:

- Noble Gas Activity Monitor e

!
- todine Sampler (sample cartridge containing charcoal or silver zeolite) |

i

- Particulate Sampler (filter paper)

- Sampler Flow Rate Monitor j

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 Building,
Reactor Building Exhaust Plenum, and Standby Gas Treatment System

;
Division 1 and Division 2). The SPING Monitor outputs are recorded 1

electronically m the CT-28 Control Terminal in the Main Control Room. !

In general, a reading exceeding the High alarm setpoint of the
SPING Monitors causes an alarm in the Control Room. Fermi 2 ODCM
Table 3.3.7.12-1 identifies only the alarm function of the Reactor Building
Exhaust Plenum Effluent Monitor, the Standby Gas Treatment System
Monitors, and the Onsite Storage Facility.

l

7.1.2 Main Condenser Offgas Monitoring

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

- Hydrogen Monitt used to ensure the hydrogen concentration in the
Offgas Treatment System is maintained less than 4% by volume as
required by Technical Specification 3.11.2.6.

- Noble Gas Activity Monitor - used to ensure the gross activity release
rate is maintained within 340 millicuries per second after 30 minute
decay as required by Technical Specification 3.11.2.7.

ARMS - INFORMATION SERVICES

Date approved: ~7 - 3C '12. Release authorized by:8Kw h LWe%
'

Change numbers incorporated: 91-104-ODM
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These two monitors perform safety functions. The Hydrogen FAonitor
monitors the potential explosive mixtures in the Offgas System. The Noble
Gas fAonitor 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.

7.1.3 Reactor Building Ventilation Monitors (Gulf Atomic)

| The Gulf Atomic fAonitors (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 iratiation of Control Center
recirculation mode ventilation. These monitors and functions are not
required by Fermi 2 ODCfA but are important in controlling containment
venting / purging.

7.2 Sampling and Analysis of Gaseous Effluents

! The program for sampling and analysis of gaseous waste is prescribed in
Fermi 2 ODCfA Table 4.11.2.1.2-1. 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
CONTINUOUS releases.

7.2.1 Containment PURGE

ODCfA Table 4.11.2.1.2-1 requires that a grab sample be collected and
analyzed before each containment drywell PURGE. Sampling and analysis
are required within eight hours before starting a PURGE.
ODCfA Table 4.11.2.1.2-1 Footnote i and ODCfA 4.11.2.8.3 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
9amma emitters and tritium prior to venting and purging.

For a planned containment PURGE, the results of the sample and analysis
are used to establish the acceptable release rate and radiation monitor
alarm setpoint in accordance with ODCfA Section 7.3. This evaluation is
necessary to ensure compliance with the dose rate limits of ODCfA 3.11.2.1.
The periodic samples collected throughout the PURGENENT period are used
to ensure that release conditions over an extended period are maintained
within ODCfA limits.

7.2.2 Ventilation System Releases

ODCfA Table 4.11.2.1.2-1 requires continuous samples of releases from the
RB Exhaust Plenum, Standby Gas Treatment System. Radwaste Building,
Turbine Building. Service Buildmg, 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 a particulate sample for principal gamma emitters.
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- Once per month, analysis of a composite particulate sample of all
releases (by release point) that month for gross alpha activity.

- Once per quarter, analysis of a composite particulate sample of all
!

releases that quarter for Sr-89 and Sr-90. j

|
- Once per month, analysis of a grab sample for principal gamma

' emitters (noble gases and tritium).

ODCfA Table 4.11.2.1.2-1 also requires continuous monitoring for noble !
gases. This requirement is met by the SPING Monitors on each of the plant
gaseous release 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:

'
- Primary coolant dose equivalent 1-131 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

i 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
at the Reactor Building Exhaust Plenum and Standby Gas Treatment System
(SGTS) when operating.

7.3 Gaseous Effluent Monitor Setpoint Determination
i

73.1 Ventilation System Monitors

Per the requirements of ODCM 3.3.7.12, alarm setpoints shall be established
for the gaseous effluent monitoring instrumentation to ensure that the
release rate of noble gases does not exceed the hmits of ODCM 3.11.2.1.
This section limits releases to 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 (i e., grab sample of the
Drywell or Ventilation System release), the radiation monitoring alarm
setpoints may be established by the following calculational method. The
measured radionuclide concentrations and release rate are used to calculate
the fraction of the allowable release rate, limited by ODCM 3.11.2.1. by the
equation:

FRAC = 1.67 E + 01 * X/O * VF * [(C. * K.)
' '500

(7-1)

FRAC = 1.67 E + 01 * X/O * VF * [(C. * ["L. + 1.1 M })3000 ;
~ '

(7-2)
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! Where.
.

1

FRAC fraction of the allowable release rate based on the=

identified radionuclide concentrations and the release
flow rate

X/O annual average meterological dispersion to the=

controlling site bogndary location from
Table 7.0-3 (sec/m ) or plant procedures

VF Ventilation System flow rate for the applicable release=

point and monitor (liters / minute)
l

| Ci concentration of noble gas radionuclide i at release=
;

point as determined by gamma spectral analysis of grab |
sample (uCi/cc) (if a noble gas is not detected at the i

reactor building release point, its concentration at this

release point may be calculated by applying a dilution |
f actor to its concentration in an Offgas Vent Pipe
sample )

Ki total body dose conversion factor for noble gas=

3; radionuclide i (mrem /yr per uCi/m , from Table 7.0-2)

Li beta skin dose conversion factor fgr noble gas
=

radionuchde i (mrem /yr per uCi/m , from Table 7.0-2)

M, gamma air dose conversion factog for noble gas
=

; radionuclide i (mrad /yr per uCi/m from Table 7.0-2)

1.1 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)=

1.67 E * 01 1 E + 03 (cc/ liter) * (1/60) (non/sec)=

Based on the more limiting (ie., higher) value of FRAC as determined above,
j the alarm setpoints for the applicable monitors may be calculated by the
i equation.

| SP < (AF , C,) + Bkg
'

FRAC

(7-3)

Where.

SP alarm setpoint corresponding to the maximum allowable=

! release rate (uCi/cc)

Big background of the rnonitor (uCi/cc) !
=

AF administrative allocation factor (Table 7 0-1) for the=
;

specific monitor and type release, which corresponds to
the fraction of the total allowable release rate that is
administratively allocated to the individual release
points.

i

l
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Ci concentration of Noble Gas Radionuclide i as determined=

by gamma spectral analysis of grab sample (uCi/cc) (if a
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: If
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) is an administrative control imposed to ensure
that combined releases from all release points at Fermi 2 will not exceed j
the regulatory limits on release rate from the site (i.e., the release rate -
limits of ODCM 3.11.2.1). From the Fermi 2 design evaluation of gaseous
effluents presented in the UFSAR Section 11.3, representative values have I
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 3.11.2.1. In
addition to the allocation factor, safety factors which have the effect of j

j 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 i

monitor response, the Xe-133 sensitivity provides a conservative value for i

alarm setpoint determination. Alternatively, if the monitor channel in
question frequently shows a response to a mix of isotopes whose {
concentrations can be determined, the calibration constant may be !
determined from this type of data without reference to primary calibration i
data. |

.

| 7.3.2 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 above monitor background (e.g. 2 to 3
times background). This approach may be used when releases are not ;

expected from a particular release point. Second, the equations of Section !

7.3.1 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 i

method is used, a safety factor should be used in the setpoint calculation. !

7.3.3 Gaseous Effluent Alarm Response - Evaluating Actual Release !
Conditions

;

i The monitor alarm setpoint is used as the primary method for ensuring and
i demonstrating compliance with the release rate limits of ODCM 3.11.2.1.

Not exceeding alarm setpoints constitutes a demonstration that release
rates have been maintained within the ODCM limits. When an effluent |

Noble Gas Monitor exceeds the alarm setpoint, an evaluation of compliance
with the release rate limits must be performed using actual release,

conditions. This evaluation requires collecting a sample of the effluent to
establish actual radionuclide concentrations and permit evaluating the r

monitor response. The following equations may be used for evaluating
compliance with the release rate limit of ODCM 3 11.2.18:

,

,

w - ry- y rv T v - e + .- -2
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[(K * C )Dtb = 1.67 E + 01 * X/O a VF * i i

(7-4)

Ds = 1.67 E + 01 * X/O * VF * [([Lj + 1.1 FA ] * C )i
(7-5)

Where:

Dtb total body dose rate (mrem /yr)=

!
D3 skin dose rate (mrem /yr) |

=

|
X/O atmospheric dispersion to the co,ptrolling=

SITE BOUNDARY location (sec/m#)

VF = Ventilation System release rate (liters / min) )

Ci concentration of radionuclide i as measured in the grab=

sample or as correlated from the SPING Noble Gas

FAonitor reading (uCi/cc)

'

K = total body dose conversion factor for noble gasi
3radionuclide i (mrem /yr per UCi/m . from Table 7.0-2)

Li beta skin dose conversion factor f r noble gas=

radionuclide 6 (mrem /yr per uCi/m from Table 7.0-2)

fA, gamma air dose conversion factog for noble gas
=

radionuclide i (mrad /yr per UCi/m , from Table 7.0-2)

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

1.67 E + 01 1 E + 03 (cc/ liter) * (1/60) (min /sec)=

7.4 Containment Drywell VENTING and PURGING i

7.4.1 Release Rate Evaluation

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

ODCfA Table 4.11.2.1.2-1, the allowa. ale release rate can be calculated by the
following equation:

2 RR = 500 ,AF

1.67 E + 01 * X/O * {(Kj * C )i
(7-6)

or

RR = 3000 ,AF
*

I.67 E + 01 * X/O * { {[Lj + 1.1 FA ] * Cj)i
(7-7)



ODCle-7.0
Revision 4 i

,

Page 7.0-7

Where: ,

RRtb allowable release f. ate so as not to exceed a dose rate=
,

of 500 mrem /yr, total body (liters / minute) '

RR 3 allowable release rate so as 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 (def ault value is 0.5 for Reacter Building
Exhaust Plenum)

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

i

3000 skin dose rate limit (mrem /yr)=

The lesser value (RRtb or RR ) as calculated above should be used fors
establishing the allowable release rate for the drywell PURGING or VENTING.

7.4.2 Alarm Setpoint Evaluation

For a containment drywell VENTING or PURGING, a re-evaluation of the
| alarm setpoint is needed to ensure compliance with the requirements of ;

ODCfA 3.3.7.12. For the identified release path (RB Exhaust Plenum or SGTS) '

and associated effluent Radiation fAonitor, the alarm setpoint should be
calculated using Equations ()-1). (7-2) and (7-3). In Equations (7-1) and
(7-2), the value of the Ventilation Flow VF should be established at the total
release flow rate, including the contribution from the PURGE or VENT. If the
calculated alarm setpoint is greater than the current setpoint, no
adjustments are necessary. )

l7.5 Quantifying Releases - Noble Gases

The determination of doses in the environment from releases is dependent on the
mixture of the radioactive 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 actual noble gas grab samples.

| 7.5.1 Sampling Protocol

As required by ODCfA 3.11.2.1, a gas sample is collected at least monthly
;

| from each of the six gaseous release points (Reactor Building Exhaust
i Plenum Standbv Gas Treatment System, Radwaste Building,

Turbine Building, Onsite Storage Facility, and Service Building). As
discussed in ODCfA Section 7.2.2, this gas sample is analyzed by gamma
spectroscopy to identify individual radionuchdes (noble gases). To date

.

(fAay 1992) noble gases have been detected only in the reactor building !
effluent.
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in addition to these monthly samples from each release point noble gas
grab samples from the Offgas Vent Pipe may be collected using the sample
lines of the abandoned Offgas Vent Pspe fAonitor (D11-N105 and
D11-N106). Since noble gases are more concentrated at this point than at
the Reactor Building Exhaust Plenum, a greater number of noble gases are
detected at this point. Sampling should be performed monthly at the
Offgas Vent Pipe unless the reactor is shut down or noble gas
concentrations increase sufficiently to allow detection of all significant
noble gas nuclides at the Reactor Building Exhaust Plenum.

For Containment PURGENENT, samples are collected prior to the initiation
'

of the release and periodically throughout the release (see ODCfA
Section 7.2.1). These samples are evaluated using Equations (7-4) and (7-5)

. to ensure that the site boundary dose rate limits of ODCfA 3.11.2.1 are not '

| exceeded. For an extended PURGENENT period (e g., longer than 48 hours),
drywell airborne activity levels will equihbrate. After equilibrium is reached,
the quantification of the PURGENENT can be adequately addressed by the

3
,

| periodic (typically weekly) sample and analysis of the Reactor Building '

Exhaust Plenum or Standby Gas Treatment System.

As required by ODCFA Table 4.11.2.1.2-1, special samples are required of the
RB Exhaust Plenum and SGTS following shutdown, startup or a
THERfAAL POWER change exceeding 15% within a 1 hour period. Exceptions
to this special sampling are allowed as noted previously in
ODCfA Section 7.2.2.

7.5.2 Release Concentration Determination for Reactor Building Exhaust
Plenum

| In cases where both a RB Exhaust Plenum noble gas sample and an Offgas
Vent Pipe (OGVP) sample have been taken, the RB Exhaust Plenum noble gas

,

concentrations are determined as follows: First, the RB SPING channel 1-5 '

readings (above background) at the times the two samples were taken are
compared, and the noble gas concentrations for the sample taken at the

l lower RB SPING channel 1-5 reading are normalized to the higher RB SPING
channel 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 9.43 E4 cfm) by the OGVP flow rate as

indicated in the control room (N62-R808, blue pen). Third, the OGVP noble
gas concentrations are divided by this dilution f actor. Fourth, the diluted
OGVP noble gas concentrations are compared to the RB Exhaust Plenum
noble gas concentrations, and the higher of the the two concentration
values for each nuclide is taken to be the RB Exhaust Plenum concentration
for that nuclide. (For purposes of calculation, the concentrations of nuclides
which are not detected are taken to be zero.) Fifth, the resulting RB
Exhaust Plenum concentrations are corrected for variations during the
release period by multiplying each concentration value by the average RB
SPING channel 1-5 reading (above background) for the

,

I

t

i

_ _ _ _ _ _ . . _ _ _ _ .
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period 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 C in ji

Equation (7-8) to determine the quantity of noble gases released.

7.5.3 Calculation of Activity Released

The following equation may be used for determining the release quantities
from any release point based on the grab sample analysis:

O = 1.0 E + 03 * VF * T * Cii
(7-8)

Where:
,

I

Q, total activity released of radionuclide i (uCi) i
=

VF = Ventilation System release rate (liters / min) |

!
T total time of release period (min)=

|
1.0 E + 03 milliliters per liter i=

Ci concentration of radionuclide i as determined by gamma=

spectral analysis of grab sample (uCi/cc) corrected for
variations during release period as described in
Section 7.5.2

|

7.6 Site Boundary Dose Rate - Radioiodine and Particulates

ODCM 311.21.b hmits the dose rate to <1500 mrem /yr to any organ for 1-131.1-133,
tritium and particulates with half-lives greater than 8 days. To demonstrate
compliance with this limit, an evaluation is performed at a frequency no greater than
that corresponding to the sampling and analysis time period (nominally once per !
7 days). The following equation may be used for the dose rate evaluation:

i

Do = X/O * R -131 * [OI i

.

Where:

Do average organ dose rate over the sampling time period (mrem /yr)=

X/O atmospheric dispersion to the cortjrolling SITE BOUNDARY location I
=

for the inhalation pathway (sec/m ) from Table 7-3 or plant
procedures

3R -131I l-131 dose parameter (mrem /yr per uCi/m ) for the child inhalation !
=

pathway from Table 7-4

[0, total average release rate over the appropriate sampling period and=

analysis frequency for 1-131.1-133, totium and other radionuclides
in particulate form with half lives greater than 8 days (uCi/sec)

I

|

I

|
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Q = C * VF * 1.67E + 01i i
Where:

I
VF Average ventilation flow for release point (hters/ min)

{
=

i

C, Concentration of radionuchde i (uCi/cc)--usually determined by=

gamma spectral analysis of effluent sample I

i

|

1.67E + 01 = 1E + 03 (cc/ liter) * (1 min / 60 sec)
'

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

7.7 Noble Gas Effluent Dose Calculations - 10 CFR 50
,

7.7.1 UNRESTRICTED AREA Dose - Noble Gases

ODCfA 3.11.2.2 requires a periodic assessment of releases of noble gases to
evaluate compliance with the quarterly dose limits of 5 mrad. gamma-air
and 10 mrad, beta-air and the calendar year limits 10 mrad, gamma-air and
20 mrad, beta-air. The following equations may be used to calculate the
gamma-air and beta-air doses:

[(M * Q )D = 3.17 E - 08 * X/O * i i t

(7-10)
and

= 3.17 E - 08 * X/O * [(Ni * O,)Dg
(7-11)

Where:

D
I air dose due to gamma emissions for noble gas=

radionuclides (mrad)

Dg air dose due to beta emissions for noble gas=
,

!

radionuclides (mrad)
|

X/O atmospheric dispersion to the co trolling=

SITE BOUNDARY location (sec/m )

Oi cumulative release of noble gas radionuclide i over the=

period of interest (uCi)

TA, air dose factor due to gamma em ssions from noble gas=

| radionuclide i (mrad /yr per uCi/m , from Table 7.0-2)

1
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Ni air dose factor due to beta emiss=

radionuclide i (mrad /yr per uCi/m}}ons from noble gas. Table 7.0-2)
,

3.17 E - 08 1/3.15 E + 07 (year /sec)=

7.7.2 Simplified Dose Calculation for Noble Gases

in lieu of the individual noble gas radionuclide dose assessment presented
I above, the following simplified dose calculational equations may be used for
'

verifying compliance with the dose limits of ODCM 3.11.2.2. (Refer to ;
Appendix B for the derivation and justification of this simplified method.) '

D = 2.0 * 3.17 E - 08 * X/O * M gg * [Oe i

and '

D = 2.0 * 3.17 E - 08 * X/O * N gg * [Qie

! Where:

M gge 2.7 E + 03, effective gamma-air dose fe: tor=

3(mrad /yr per uCi/m )

Neff 2.3 E + 03, effective beta-air dose f actor=

3(mrad /yr per uCi/m ) '

2.0 conservatism f actor to account for potential variability in=

the radionuclide distribution

7.8 Radioiodine and Particulate Dose Calculations - 10 CFR 50

7.8 1 UNRESTRICTED AREA Dose - Radiciodine and Particulates i

in accordance with requirements of ODCM 3.112 3. a periodic assessment is
required to evaluate compliance with the quarterly dose limit of 7.5 mrem
and the calendar year limit of 15 mrem to any organ. The following
equation may be used to evaluate the maximum organ dose due to releases
of I-131, tritium and particulates with half-lives greater than 8 days:

[(R * O,)Da o p = 3.17 E - 08 * W * S F *
ip

(7-14)

Where:

D op dose or dose commitment via controlling Pathway p and=a

Age Group a (as identified in Table 7 0-3) to Organ o,
including the total body (mrem)

W atmospheric dispersion parameter to the controlling=

location (s) as identified in Table 7.0-3 or plant
procedures:
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W X/O. atmospheric dispersion for inhalation pathway and=

H-3 ang)C-14 dose contribution via other pathways(sec/m

W D/Q, atmospheric deposition for vegegation, milk and
=

ground plane exposure pathways (m' ) i

Where:

3Rj doge factor for radionuclide i, (mrem /yr per uCi/m ) or
=

(m - mrem /yr per uCi/sec) from Table 7.0-4 for 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 5.3.1.3, in the case that the milk animal is a goat. I

parameter values from Reg Guide 1.109 should be used. ,!

For 1-131, for example, use of the goat feed / forage !

consumption rate given in Table E-3 and the stable
element transfer f ac*or given in Table E-2 of Reg Guide

[1.109 results in grass-goat-milk dose factors which are !

equivalent to the grass-cow-milk dose factors in i

Table 7 0-4 multiplied by 1.2.

O, cumulative release over the period of interest for=

radionuchde i -- l-131,1-133. tntium or radioactive
[

material in particulate form with half-life greater than '

8 days (uCs) 1

SFp annual seasonal correction factor to account for the=

fraction of the year that the applicable exposure '

pathway does not exist: i

1) For milk and vegetation exposure pathways:

A six month fresh vegetation and grazing season=

(fAay through October) hmits exposure through
this pathway to half the year

0.5 (derived from Reg Guide 1.109, Rev 1)=

2) For inhalation and ground plane exposure pathways:

1.0 (derived from Reg Guide 1.109. Rev 1)=

3.17 E - 08 1/3.15 E + 07 (year /sec)=

The aDe group with the highest potential dose via the controlling pathway
should be used for evaluating the maximum exposed individual. This
determination is based on a comparison of the age group pathway dose ;

conversion f actors (Table 7-4). The infant age group is controlkng for the |milk pathway and the child age group is controlling for the vegetable '

pathway. .Only the controlling age group and pathway identified in
Table 7 0-3 need be evaluated for compliance with ODCfA 3.112 3

i
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|

7.8.2 Simplified Dose Calculation for Radioiodines and Particulates

in lieu of the individual radionuclide (1-131 and particulates) dose
assessment presented above, the following simplified dose calculation may
be used for verifying compliance with the dose limits of ODCfA 3.11.2.3.

* R -131 * [ODmax = 3.17 E - 08 * W * SF I ip

Where:

Dmax maximum organ dose (mrem)=

R -131I l-131 dose parameter for the thyroid for the identified=

controlling pathway

4.76 E + 10, child thyrgid dose parameter for the
=

vegetable pathway (m - mrem /yr per UCi/sec)

The ground plane exposure and inhalation pathways need not be considered
when the above simplified calculational method is used because of the

i overall negligible contribution of these pathways to the total thyroid dose.
it is recognized that for some particulate radionuclides (e g., Co-60 and
Cs-137). the ground exposure pathway may represent a higher dose
contribution than either the vegetation or milk pathway. However, use of
the I-131 thyroid dose parameter for all radionuclides will maximize the
organ dose calculation, especially considering that no other radionuclide has

,

a higher dose parameter for any organ via any pathway than 1-131 for the i

thyroid via 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 (ODCIA 3.12.2).
Otherwise, the dose should be evaluated based on the predetermined
controlling pathways identified in Table 7.0-3. j

7.9 Gaseous Effluent Dose Projection

As with liquid effluents, the Fermi 2 ODCfA controls on gaseous effluents require
j * processing * of gaseous effluents if the projected dose exceeds specified limits.

These controls implement the requirements of 10 CFR 50.36a on maintaining and!

| using the appropriate radwaste processing equipment to keep releases ALARA.

ODCfA 3.11.2.5 requires that the VENTILATION EXHAUST TREATfAENT SYSTEM be used
to reduce radioactive material levels prior to discharge when the projected dose
exceeds 0.3 mrem to any organ in any 31 day period (i e., one-quarter of the design
objective rate). Figure 7.0-1 presents the gaseous effluent release points and the
VENTILATION EXHAUST TREATMENT SYSTEfAS applicable for reducing effluents prior
to release.

.

|
|
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Dose projection is performed at least once per 31 days using the following equation:

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

Where:

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

NOTE: The reference calendar quarter is normally the current calendar
qua rte r, if the dose projection is done in the first month of the
quarter and is to be based on dose calculated for the previous quarter,
the reference calendar quarter is the previous quarter.

!

! Dmax the cumulative maxirnum organ dose from the beginning of the=

( reference calendar quarter (normally the current quarter) to the end
1 of the most recently evaluated release period as determined by

Equation (7-14) or (7-15) (mrern)

d number of days from the beginning of the reference calendar=

quarter to the end of the most recently evaluated release period.
!

31 number of days in projection=

i

END OF SECTION 7.0

.
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TABLE 7.0-1

Values for Evaluating Gaseous
Release Rates and Alarm Setpoints

Allocation Allocated Dose
Release Posnt Flow Rate' Factor Rate Limit

(later/ min) (AF) (mrem / year)

heactur builaing 2 67E6 0.50 T Body = 250
Lxnaust Plenum Skin = 1500
D11-P280 Organ = 750

Standoy Gas 1.07E5 0.10 T Body = 50 '

Treatment Sysieni Skin = 300 t

Un iD11-P27b Organ = 150

stancoy Gas 1.12 E 5 0.10 T Body = 50
1reatn.ent S ,sien. Skin = 300
Div 11011-P27o Organ = 150

! Turbine Building 8 67E6 0 20 T Body = 100
ventilation Skin =600
D 11- P279 Organ = 300

vite builain
-

u 9 06E5 0.01 T Body = 5
utatien Skin 30=

U11-P262 Organ 15-
,

Ruae.a st e Bintain; 1 13E 6 0.02 T Body = 10
Venulation S6:n 60=

D11-P2L1 Organ 30=

Onsne Storage 3 06ES 0 02 T Body = 10
Building Skin f> 0 ;-

Ventilation Organ 30 i
=

D11-P261
i

Heactor Building 2 57E6 0.50 T Body = 125
Ventilation" Skin = 750

| Guit Atomic
f.lonit ors
D11-fJ406 fJ4 to

l
l

*
. . . . _ _ _ _ |.

Ventilation tiua rate values are subject to change due to plant modifications and changing plant |
conditions. tr erefore updated values in plant procedures may be used I

D11-fJ406 ano fJ410 ccill start the SG1S. close the Drywell Purge / Vent Valves. isolate Rx Building
''

Ventisotna. S siem ulate Control Center. and initiate emergency recirculation mode.is

|

!

l

;
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TABLE 7.0-2

Dose Factors for Noble Gases *

Total Body Skin Gamma Air Beta Air
Gamma Dose Beta Dose Dose Factor Dose Factor

Nuclide Factor Ki Factor Li Mi Ni

(mrem /yg)per (mrem /yg)per (mrad /yrg) er
(mrad /yr per

uCi/m uCi/m uCi/m ) uCi/m

Kr-83 m 7.56E-02 ----- 1.93 E+ 01 2.88E + 02
Kr-85m 1.17 E + 03 1.46 E + 03 1.23 E+ 03 1.97E+ 03
Kr-85 161 E401 1.34 E- 03 1.72 E + 01 1.95E+ 03
Kr-87 5.92 E + 03 9.73E + 03 6.17E + 03 1.03 E + 04
Kr-88 1.47 E + 04 2 37E+03 1.52 E + 04 2.93 E+ 03
Kr-89 1.66 E + 04 1.01 E + 04 1.73 E + 04 1.06 E + 04
Kr-90 1.56 E + 04 7.29E+ 03 1.63 E + 04 7.83E + 03 |
Xe- 131 m 9.15 E + 01 4.76E 4 02 1.56 E + 02 1.11 E + 03
Xe-133m 2.51 E + 02 9 94E+02 3.27E+ 02 1.48 E + 03 ,

Xe-133 2.94 E+ 02 3 06E+02 3.53E+02 1.05E403 |Xe-135m 3.12E+ 03 7.11 E + 02 3.36E + 03 7.39E+ 02
Xe-135 1.81 E + 03 1.86E + 03 1.92 E + 03 2.46E + 03
Xe-137 1.42 E+ 03 1.22 E+ 04 1.51 E + 03 1.27 E + 04
Xe-138 8 83E+03 4.13 E + 03 9 21E+03 4.75E + 03
Ar-41 8.84 E+ 03 2.69E+ 03 9.30E + 03 3.28E+ 03

NOTE: |

Dose f actors taken from NRC Regulatory Guide 1.109#-

1
1

|

f

|
i
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TABLE 7.0-3

Controlling Locations, Pathways, and Atmospheric
Dispersion for Dose Calculations *

Atmospheric Dispersion
'Factor

ODCM Location Pathway (s) Controlling X/O D/O
3 2Control Age Group (sec/m ) (1/m )

3 11.2. l a site boundary noble gases N/A RB: 2.40E-6 N/A
(0.57 mi, NW) direct TB: 1.14 E-5

exposure RW: 5.32E-6

3.11.2.1 b site boundary inhalation child RB. 2.40E-6 N/A
(0.57 mi, NW) TB: 1.14 E-5

RW. 5.32E-6

3.11.2.2 site boundary gamma-air N/A RB: 2.40E-6 N/A
(0.57 mi, NW) beta-air TB: 1.14 E-5

RW: 5.32E-6 '

3.11.2.3 residence milk, inf a nt RB: 2.82E-7 2.40 E-9
(2.06 mi. WNW) inhalation, and TB: 6.78E-7 3.86E-9

ground plane RW: 4.04E-7 2.60E-9

NOTE:

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

dispersion factor data tables. The dispersion factor values listed are conservative values; they |
represent the highest annual average values seen between 1984 and 1991. When performing dose |
and dose rate evaluations for plant surveillances, the dispersion f actor 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 unless recent information has shown the above data to be
non-conservative or inaccurate. When performing annual dose evaluation for the Semiannual
Effluent Release Report, the annual average dispersion factors for the year being evaluated should,

| be used.
1

I

i

! l

|

_ _ _ _ _
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Dectice Some Li*er Tt,yroid Liamey Luna 68-111 T. body

a-3
.1.821*4 3.41t*3 3.att.3 3.41I.3 3.411 3 3.411*3 3.411 3

- i.26t*3 1.261 3 1.26t*3 1.26t*3 1.26t ) 1.26t*3
C-te
ka-24 1.021 4 1.021 4 1.C21 4 1.C2t*4 1.C2E*4 1.C21 6 1.021 4
P-32 1.321 6 7.711 4 - - - 8.64E 4 5.01t+4
Cr-51 - - 5.95t*1 2.28t+1 1.66t*6 3.32t*3 1.0ct*2

Mn-54 - 3.961 4 - 9.84t*3 1.401 6 2.761*4 6.301 3
nn-56 - 1.24t*0 - 1.301 0 9.44t*3 2.C21*4 1.83t-1 .

te-55 2.46t*4 1.701 6 - - 7.21t*4 6.031 3 3.44t 3
Fe-59 1.18t*4 2.78t+6 - - 1.02t*6 1.88t*5 1.06t*6
Co-57 - 6.92t*2 - - 3.7CE*5 3.14t*4 6.711 2

Co-58 - 1.58t*3 - - 9.28t*5 1.06t*5 2.07E*3
Co-60 - 1.15t*4 - - 5.97t*6 2.851 5 1.48t*4

1.78t*5 1.36t*4 1.451 4mi-63 4.32t*5 3.16t*4 - -

ki-65 1.54t*0 2.101-1 - - 5.60E*3 1.23t*4 9.12E-2
Cu-64 - 1.461*0 - 4.62E 0 6.78t*3 4. 90E * 4 6.15t-1

4

2n-65 3.24t*4 1.031 5 - 6. 90t * 4 8.64ta$ 5.341 4 4.66t*4
2n-19 3.38E-2 6.510-2 - 4.22E-2 9.20E*2 1.63t*1 4.52t-3
Br-82 - - - - - 1.04t*4 1.35t*4
pr-83 - - - - - 2.32t 2 2.611 2

-

or-64 - - - - - 1.641-3 3.131 2

pr-85 - - - - - - 1.281*1 a
Rb-66 - 1.35t*5 - - - 1.66t*4 5.90!*6
P6-88 - 3.871 2 - - - 3.341-9 1.93t*2
kb-89 - 2.56t*2 - - - - 1.70E*2
$r-89 3.061 5 - - - 1.401 6 3.50t*5 C.72t*3

S t - 90 9.921 7 - - - 9.6CE*6 2.22t 5 6.10t*6
St-91 6.19t*1 - - - 3.65t*4 1.91E*$ 2.50t*0
St-92 6.74t*0 - - - 1.65t*6 4.30E*4 2.911-1
Y-90 2.C9t*3 - - - 1.70E.5 5.06t*5 5.61E*1
Y-9ta 2.611-1 - - - 1.02t*3 1.33t*D 1.C21-2

!

T-91 4.621 5 - - - ' 1.7CE 6 3.85t*5 1.261 4
Y-52 1.C3t*1 - - - 1.57E 6 7.35t*6 3.C21-1
T-93 9.441 1 - - - 4.85t*4 4. 22t* 5 2.61t*0
2r-95 1.07t * 5 3.44t*4 - 1.42t*4 1.77t*6 1.5cE*5 2.331 4
2r-97 9.68t*1 1.9tE*1 - 2.971 1 7.87t*4 5.23t*5 9.C61 0

wb-95 1.611 4 7.82t*3 - 2.74t*3 5.05t*5 1.06t*5 4.21t*3
ab-97 2.27t-1 5.62E-2 6.5&I-2 2.401 3 2.42t*2 2.051-2-

Mo-99 - 1.21t*2 - 2.911 2 9.121*4 2.481 5 2.30E*1
Tc 99a 1.C31-3 2.91E-3 - 4.42E-2 7.66t*2 4.16t*3 3.7CI-2
Tc-101 4.181-5 6.C2t-5 - 1.CBI-3 3.991 2 - 5.901-4
au-1C3 1.53t*3 - - 5.83t*3 5.C51 5 1.101 5 6.581 2
Su-105 7. 9CI- 1 - - 1.C2t*D 1.1CE*& a.82t*6 3.111-1
4 -106 6.91E*4 - - 1.34Eai 9.36t*6 9.12E.5 8.72E 3
pg-tc3, . - - - - - -

Rh-106 - - - - - - -

As-110s 1.081 4 1.DCE** - 1.97t*4 4.631 6 3.C21 5 5.9*r*3
56-124 3.12t.4 5.89t*2 7.55t*1 - 2.48t*6 a.ctI*5 1.241**
Sb-125 5.341 4 5.95t*2 5. set.1 - 1.76t*6 1.01E*5 1.2t!**
Te-125s 3.62t*3 1.58t*3 1.05E 3 1.26t*4 3.14t*5 7.06t*4 6.671 2
Te-127s 1.26t*4 5.77t*3 3.291 3 4.581 4 9.601 5 1.5cE*5 1.571 3

Te-127 1.4Ct+0 6.42t-1 1.06t*0 5.1ct*0 6.51E.3 5.741 4 3.1ct-1
Te-129e 9.761 3 4.67t*3 3.441 3 3.66t*6 1.16t*6 3.83t*5 1.5tt.)
Te-129 4.980-2 2.39E-2 3.901-2 1.871-1 1.94t*3 1.57t*2 1.261-2
Te-131s 4.99E*1 4.36t*1 5.5CI*1 3.09t*2 1.4CE*4 5.561 5 2.93t 1
Te-131 1.111-2 5.951-3 9.361-3 4.37E-2 1.39E 3 1.84t*1 3.591-3

Te-132 2.6ct 2 2.15t*2 1.90t*2 1.46t*3 2.88t*5 5.10t*5 1.621*2
3-130 4.58t*3 1.34t*6 1.16t*6 2.09t*4 - 7.6 9E* 3 5.28t*3
1-131 2.521*& 3.58t*4 1.19E*7 6.13t*4 6.28t*3 2.t51 6-

2-132 1.161 3 3.266 3 1.14t.5 5.tet*3 - 4.06t*2 1.161 3
1-133 8.64t*3 1.&8t*6 2.151 6 2.58t*6 - 8.881 3 4.52t*3

1-134 6.44t*2 1.73t*3 2.981 4 2.75t*3 - 1.01t*0 4.15t*2
3-135 2.681 3 6.981*3 4.48t*5 1.11E+6 - 5.25t*3 2.57t*3
Cs-134 3.131 5 8.48t*5 - 2.87te$ 9.7tt+4 1.04t*4 7.28t*5
Co-136 3.9CE*4 1.66t*5 - 8.56t*4 1.20E*& 1.17E*4 1.10t*5
Co-137 4.78t*5 6.211 5 - 2.22tel 7.52t 4 8.4CE*3 4.281 5

|

| Co 138 3.311 2 6.211 2 - 4.Sct 2 4.861 1 1.86t-3 3.241 2
| 54-139 9.36t-1 6. t,6 t-4 - 6.22t-4 3.76t*3 8.961 2 2.76t-2
| Se-140 3. 9C E * 4 4.90t*1 - 1.671*1 1.2'!*6 2.181 5 2.571*3

Es-141 1.D0t-1 7.53E-5 - 7.00t-5 1.941 3 1.161-7 3.361-3
8a-162 2.63E-2 2.7ct-5 - 2.291-5 1.19t.3 - 1.66t-3

La-140 3.44t*2 1.741 2 - - 1.361 5 4.58t*5 e.58t*1
La-1&2 6.831-1 3.tLE-1 - - 6.33te) 2.11E*3 7.72t-2
Ce-141 1.991 4 1. 3 5t ** - 6.26t*3 3.621 5 1.2ct 5 1.53t*3

i Ce-143 1.861 2 1.381 2 - 6.081 1 7.98t*4 2.26t*5 1.53t*1
| Ce-144 3.63t*6 1.431 6 - 8.68t*5 7.781 6 8.161 5 1.861 5
!

Pr-143 9.36t*3 3.751 3 - 2.161 3 2.811 5 2.001 5 4.6at*2
Fr-144 3.01I-2 1.25t-2 - 7.05I-3 1.021 3 2.151-4 1.531-3
bd-147 5.27t*3 6.1ct 3 - 3.5tt.3 2.2tE*$ 1.731 5 3.651 2
b-187 8.48t*D 7.CEI*0 - - 2.90t*4 1.551 5 2.att*0
sp-239 2.301 2 2.261 1 - 7.DCE*1 3.761 4 1.190 5 1.24t*1
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b-3 - 1.271*3 1.27t*3 1. 2 7 t* 3 1.27t*? 1.27t*3 1.2?t*3 |
C-14 ~2.601 4 4.871 3 4.87t*3 4.871 3 4.87; 3 4.871 3 4.87g*3

I ha-24 1.3BE*4 1.381 4 1.38t*4 1.38t*4 1. 3 ',t * 4 1.38t*4 1.38t*4
P-32 1.89t*6 1.1ct* 5 - - - 9.28E.4 7.14t*4
Cr-51 - - 7.501 1 3.07t*1 2.10t*4 3.DGE*3 1.351 2

mn-54 - 5.111 4 - 1.27t*4 1.981 6 6.681 4 8.4c1 3
nn-56 - 1.70t*0 - 1.79t*0 1.52t*4 5.74t*4 2.521-1
Fe-55 3.341*4 2.38t*4 - - 1.24t*5 6.391 3 5.541 3
te-59 1.59t*4 3.70t*4 - - 1.53t*6 1.781 5 1.431*4
Co-57 - 6.921 2 - - 5.86t*5 3.141 4 9.201 2

Co-58 - 2.C7E*3 - - 1.34t*6 9.52t*4 2.78t.3
Co-60 - 1.511 4 - - 8.72t*6 2.591 5 1.98t+4
bi-63 5.8CE*5. 4.341 4 - - 3.07E*5 1.42E.4 1.981*4 '

61-65 2.18t 0 2.931-1 - - 9.36t*3 3.67t*4 1.27t-1
Co-64 - 2.031 0 - 6.41t*0 1.11t*4 6.141 4 8.481-1

2n-65 3.86t*4 1.34t*5 - 8.64t*4 1.241 6 4.66t*4 6.24t*4
2 =-4 9 4.83t-2 9.201-2 - 6.02E-2 1.581 3 2.85t*2 6.46t-3
$r-82 - - - - - - 1.821 4
St-83 - - - - - - 3.441 2 - t

St-84 - - - - - - 4.33t*2

St-85 - - - - - - 1.831 1 , ;

Eb-86 - 1. 90E* 5 - - - 1.77t*4 8.401 4 -

( Rb-66 - 5.46t*2 - - - 2.92t-5 2.721 2
i P b-8 9 - 3.52t*2 - - - 3.38E-7 2.33I.2 .

Sr-89 4.341 5 - - - 2.421 6 3.711 5 1.25t*4 !

5 r - 90 1.08t*8 - - - 1.65t*7 7.65t*5 6.68t*6
Er-91 8.8CE 1 - - - 6.071 4 2.59t*5 3.51t*0

; $r-92 9.521 0 - - - 2.741 4 1.191 5 4.061-1
Y- 90 2.98t*3 - - - 2.931 5 5.591 5 8.00E*1
Y-91s 3.70t-1 - - - 3.20!*3 3.c21 1 1.42t-2

T-91 6.61E*5 - - - 2.941 6 4.09E 3 1.77t*4
, Y-92 1.47t*1 - - - 2.68t*4 1.65t*5 4.291-1 ;

| T-93 1.35t*2 - - - 8.321 4 5.7 9t* 5 3.72t*0 ;
' 2r-95 1.46t*5 4.58t*4 - 6.74t*4 2.69t*6 1.49t*5 3.15t*4 '

2r-97 1.38t*2 2.72t+1 - 4.12t*1 1.30t*5 6.3ct*5 1.261*1

ht495 1.861 4 1.03t*4 - 1.001 4 7.51E+5 9.68t*4 5.66t*3
kb-97 3.14t-1 7.781-2 - 9.120-2 3.931 3 2.17t*3 2.841-2
Mo-99 - 1.69te2 - 4.11t*2 1.54t*5 2.691 5 3.221 1
Tc-99. 1.38E-3 3.861-3 - 5.76E-2 1.15t*3 6.131 3 4.99E-2
Tc-101 5.921-5 8.40E-5 - 1.521-3 6.67t*2 8.721-7 8.2.t-4 I

Fa-103 2.10t*3 - - 7.431 3 7.83t*5 1.09t*5 8.96t*2 I

8v-105 1.12t*C - - 1.411 0 1.821 4 9.041 4 4.341-1
Ev-106 9.64t*4 - - 1.9CE*5 1.61t*/ 9.60I 5 1.241 4
Rh-iC3a - - - - - - -

|Eh-106 - - - - - - -

{
As-11De 1.38t*4 1.31t*4 - 2.501 4 6.751 6 2.73t*5 7.99t*3
sb-12* 4.301 4 7.94t*2 9.76t*1 - 3.85t*6 3.98t*5 1.681 4
$b-125 7.381 4 8.08E 2 7.04 t * 1 - 2.741*6 9.92I*4 1.72t*4
Te-125e 4.881 3 2.241 3 1.4Cr*3 - 5.361 5 7.5CE*4 6.671*2
Te-127e 1.80t*4 8.161 3 4.38t*3 6.54t*4 1.661 6 1.591 5 2.181 3
Te-127 2.011 0 9.121-1 1.421*0 2.28t*0 1.12t*4 8.081 4.421-1

4.051.'sTe-129e 1.39E*4 6.581 3 4.581 3 5.19t*4 1.98t*6 5 2.25t*3
fe-129 7.101-2 3.36E-2 5.18E-2 2.6tt-1 3.301 3 1.62t*3 1.7tt-2
Te-131 9.541 1 6.01E+1 7.25t*1 4.39E 2 2.38t*5 6.21t*5 4.C2E+1
Te-131 1.58t-2 8.321-3 1.24E-2 6.181-2 2.341 3 1.51tet 5.Det-3
Te-132 3.60!*2 2. 90t.2 2.46t*2 1.951 3 4.491 5 4.63t*5 2.19E*2
3-130 6.24t*) 1.79t*4 1.49t*6 2.75t*4 - 9.12t*3 7.17t*3
2-131 3.541 4 4.91E*4 1.461 7 8.4CE*4 6.49t*3 2.64t*4-

I-132 1.59I.3 4.38t*3 1.51t*5 4.921 3 - 1.271 3 1.58t*3
3-133 1.221 4 2.051 4 2.921 6 3.591 4 - 1.031 4 4.22t*3

1-134 8.881 2 2.321 3 3.95t*4 3.Stt 3 - 2.04t*1 8.401 2 |
3-135 3.7CE*3 9.44t*3 6.21E 5 1.49t*4 - 6.95E.3 3.49t** ICs-134 5.07t*5 1.131 6 - 3.75t*5 1.46t*5 9.761 3 5 49t*5 I

Cs-136 5.15t*4 1.9*E*5 - 1.10t 5 1.761 4 1.09t*4 3 371 5
Cs-137 6.7C1 5 8.48t*5 - 3.04t*5 1.21t*5 8.48t*3 4.11te$
Co-138 4.66t*2 8.561 2 - 6.621 2 7.87E*1 2.701-1 4.461 2
&a-139 1.34t D 9.44f-4 - 8.88t-6 6.461 3 6.451 3 3. 901-2
8.-140 5.471 4 6.70t*1 - 2.281 1 2.031 6 2.291 5 3.52t*3
8.-141 1.42E-1 1.061-4 - 9.841-5 3.291 3 7.461-4 4.741-3
&a-142 3.701-2 3. 7CI- 5 - 3.14E-5 1.911 3 2.271-3-

ta-140 4.79t*2 2.36t*2 - - 2.14I.5 4.871 5 6.26t*1
La-142 9.6CI-1 4.25t-1 - - 1.C2t*4 1.201 4 1.06t-1
C4-141 2.841 4 t.901 4 - 8.88t*3 6.14I.5 1.261*$ 2.17t*3
Cc-143 2.66t*2 1.94t*2 - 8.64t*1 1.3CI+5 2.551 5 2.16t*1
Ce-144 4.89t*6 2.021*e 1.211 6 1.341 7 8.64t*5 2.621*5-

Fr-143 1.34t 4 5.31t*3 - 3.09t*3 4.83r*5 2.14t*5 6.62t*2
Pr-144 4.3CI-2 1.76t-2 - 1.01I-2 1.751 3 2.35t-4 2.18E-3
bd-147 7.86t*3 8.56t*3 - 5.021 3 3.721*5 1.821 5 5.13r*2
b-187 1.20t*1 9.74t*0 - - 4.74t*4 1.771 5 3.43t*0
mp-239 3.381+2 3.19t.1 - 1.00t*2 6.4%f*4 1.121 5 1.77E*1



latae 7.0-4 ( cont inued )

kee. 3rahalation Pathway Lose f actors - CHILD

ODCM-7.08(area /yr per pCa/a )
1 Revsion 4

heclide tone Li*er Thyroid tieney Lur.g GI-LLI T.60ey Pa e 7.0-20
N-3 - 1.12Ee) 1.121 3 1.12t*3 1.12I 3 1.12t*3 1.12t*3
C-14 3.591 4 6.73t*3 6.73t*3 6.73ta3 6.731 3 6.731 3 6.731 3
ba-24 1.611 4 1.61t*4 1.611*4 1.61t*4 1.611 4 1.61E*4 1.611 4
P-32 2.60t*6 1.141 5 - - - 4.22t*4 9.881 4
Cr-51 - - 8.55t*1 2.431 1 1.70t 4 1.081 3 1.541 2

Mn-54 - 4.29t*4 - 1.001 4 1.581 4 2.29f*4 9.511 3
| Mn-56 - 1.66t*0 1.671 0 1.31t*4 1.23t*5 1.121-1-

| te-55 4.741 4 2.521** - - 1.11t*5 2.87t*3 7.77t*3
i te-59 2.C7t*4 3.34t*4 - - 1.27t*6 7.071 4 1.471 4

Co-57 - 9.03t*2 - - 5.07E 5 1.321 4 1.07t*3

Co-58 - 1.77E*3 - - 1.11t*6 3.44t*4 3.16t*3
Co-60 - 1.31t*4 - - 7.071 6 9.621 4 2.261 4
64-63 8.21t*5 4.631 4 - - 2.75t*5 6.331 3 2.80t*4
ki-65 2.99t*0 2. 96 t- 1 - - 8.18t*3 8.40t*4 1.64t-1
Cu-64 - 1.99E*0 - 6.031 0 9.58t*3 3.671 4 1.071 0

2n-65 4.261 4 1.131 5 - 7.14t*4 9.95t*$ 1.63t*4 7.03t*4
2n-t9 6.70E-2 9.661-2 - 5.85L-2 1.42t*3 3.021 4 8.921-3
1r-82 - - - - - - 2.09t*4
3r-83 - - - - - - 4.74t*2
br-64 - - - - - - 5.48t*2 -

| Br-85 - - - - + - 2.53r*1
: 76-86 - 1.98t*5 - - - 7.99E*3 1.14tel a
| 56-88 - 5.62t*2 - - - 1.72t*1 3.66t*2 I

| Pb-89 - 3.451 2 - - - 1.891 0 2.90t*2
$r-89 5.991 5 - - - 2.161 6 1.671 5 1.721 4

Sr-90 1.01t*8 - - - 1.48t*7 3.43t*5 6.44t*6
$r-91 1.21t=2 - - - 5.33L.4 1.74t*5 4.561 0
ar-92 1.311 1 - - - 2.401 4 2.421 5 5.251-1 '

! Y- 90 4.111 3 - - - 2.621 5 2.tSt*5 1.11t*2 |Y-91 5.07t-1 - - - 2.811 3 1.72t*3 1.841-1 -

I Y-91 9.14t*5 - - - 2.63t 6 1.84t*5 2.44t*4 4

Y-92 2.04tel - - - 2.3GI 4 2.391 5 5.811-1 l
| Y-93 1.861 2 - - - 7.44I.4 3. 8 9t* 5 5.111 0 |2r-95 1. 90E* 5 4.181 4 - 5.9tt*4 2.23t*6 6.111 4 3.7CE*4 j

Zr-97 1.88t*2 2.721*1 - 3.89t*1 1.13t*5 3.51E*5 1.6ct*1 i

|

8.621 3 6.14t*5 3.70t*4 6.55t*3 ibb-95 2.35t*4 9.18t*3 +

bb-97 4.2SI-1 7.701-2 - 8.551-2 3.421 3 2.781 4 3.60E-2 i
Mo-99 - 1.721 2 - 3.92I+2 1.251 5 1.271 5 4.261 1

|Tc-95 1.781-3 3.48t-3 - 5.07I-2 9.51t*2 4.811 3 5.77E-2 4

Tc-101 8.1CE-5 8.51t-5 - 1.45t-3 5.85t*2 1.431 1 1.C81-3 ;
Ru-lC) 2.79t*3 - - 7.03t*3 6. 62t* 5 4.481 4 1.071 3 '

Su-ic5 1.53t*0 - - 1.341*0 1.59t*4 9.95t*4 5.55E-1 )Ru-106 1.36t+5 - - 1.841 5 1.43t*7 4.291 5 1.65t*4 i

RM 103. - - - - - - - I

Rh-106 - - - * - - - 1

I

IAs-110e 1.69t*4 1.141 4 - 2.12t*4 5.48t*6 1. Det* 5 9.14t*) |St-124 5.74t*4 7.4CE*2 1.26t*2 3.24t*6 1.641 5 2.001 4 i
-

E b-12 5 9. 84 t* 4 7.591 2 9.10t*1 - 2.32t*6 4.c3I+4 2.07t*4 l

Te-125e 6.73t*3 2.33t*3 1.92t*3 - 4.7 7E* 5 3.381 4 9.14t*2
Te-127. 2.49t*4 8.55t*3 6.07t*3 6.36t*4 l.48t*6 7.141 4 3.C2t*3

Te-127 2.77t*0 9. 51 E- 1 1.96t.0 7.07E*0 1. Dot *4 5.62t*4 6.111-1
Te-129e 1.92t*4 6.85t*3 6.331*3 5.03t*4 1.7tt*6 1.821 5 3.0*L*3
Te-129 9.77t-2 3.5CI-2 7.141-2 2.571-1 2.93t*3 2.551 4 2.36t-2
Te-131e 1.34t*2 5.92t*1 9.77t*1 4.DCE*2 2.06t*5 3.0tt 5 5.C?t*1
Te-131 2.17E-2 8.44E-3 1.701-2 5.881-2 2.05t*3 1.331 3 6.59t-3

Te-132 4.81t*2 2.72t*2 3.17t+2 I.77E*3 3.77E 5 1.381*5 2.631 2
1-130 8.18t*3 1.64[*4 1.851*6 2.45t*4 - 5.11t*3 8 44t*3
3-131 4.81t*4 4.811 4 1.621 7 7.882 4 - 2.84E.3 2.73t*4
3-132 2.12t*3 4.C7t*3 1.941 5 6.25t*3 - 3.2ct 3 1.881 3
1-133 1.t6t*4 2.c3t*4 3.851 6 3.38t*4 - 5.48t*3 7.70E*3

2-134 1.17t 3 2.16t*3 5.071 4 3.3ct*3 - 9.55t 2 9.95t*2
3-135 4.921 3 8.73te3 7.92t*5 1.34t*4 - 4.441 3 4.141 3
Co-134 4.51t*5 1.01t*6 - 3.30t*5 1.21t*5 3.851*3 2.25t*5
Cs-136 6.Stt*4 1.711 5 - 9.55t** 1.45t*4 4.18t*3 1.16t*5
Ca-137 9.071 5 8.251 5 - 2.82t.5 1. De t 5 3.621 3 1.28t*5

Co-138 6.33E 2 8.40t*2 - 6.22t 2 6.811 1 2.70t*2 5.55t*2
to-139 1.841 0 9.84t-4 - 8.621-4 5.77t*3 5.77E*4 5.371-2
Ea-140 7.40t*4 6.48t*1 - 2.11t*1 1.741 6 1.021 5 4.331*3 -

9.47t-5 2.921 3 2.75t*2 6.361-3 IEs-141 1.9tt-1 1.09t-4 -

Es-142 5.DCE-2 3.60t-5 - 2.911-5 1.64t*3 2.741*0 2.791-3 |

La-140 6.44t*2 2.25t*2 - - 1.83t*5 2.26t*5 7.55t*1
E4-142 1.30t*D 4.111-1 - - 8.70t*3 7.591 4 1.29t-1
Ce-141 3.92t+4 1.951 4 - s.55t*3 5.44t*5 5.661** 2.901 3
Ce-143 3.66t=2 1.99t*2 - 8.3tt*1 1.15t*5 1.27t*5 2.87t*1
Ce-144 6.771 6 2.12t*6 - 1.17E*6 1.2CE*7 3.891 5 3.611 5

|
Pr-143 1.85t*4 5.55t*3 - 3.D;t*3 4.331 5 9.73t*4 9.14t*2 1

Pr-144 5.961-2 1.85t-2 - 9.771-3 1.571*3 1.97t*2 3.Det-3
Nd-147 1.C61 4 8.73t*3 - 4.81t 3 3.28t*5 8.21t*4 6.81t*2
W-187 1.63t 1 9.66t*0 - - 4.11t*4 9.10E*4 4.33t*D
kp-239 4.66t*2 3.34t*1 - 9.731*1 5.81t*4 6.4CE*4 2.351+1

|
i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ ._ _



|

| 1.tne 7 0-4 f r ont inu* * * C)[)(:tA-7.01
R... ins.iet s.e r.tm.., no.e tec t or. - s hi t*7 Revsionn 4

'
urev re per c a. 9 Page 7.0-21

hec 3see bor.e Li*er Thyroid klane y Luns Cl-LL3 7.bocy

H-3 - 6.471*2 6.47t*2 6.47t*2 6:47t*2 6.471 2 6.471 2
C-14 ' 2.651*4 5.31t*3 5.311 3 5.3t!*3 5.311 3 5.31t*3 5.3st*3
ka-26 1.06t*4 1.06t*4 1.061 4 1.06t*4 1.06t*4 1.06t*4 1.06t*4
P-32 2.031 6 1.121 5 - - - 1.61E*6 7.76t*6
Cr-51 - - 5.751 1 1.32t*1 1.26t*4 3.57E*2 8.95tet

Mn-56 - 2.53r*4 - 4.98t*3 1. 00t * 6 7.06t*3 4.96t*3
t Mn-56 - 1.54t*0 - 1.10E*0 1.25t*4 7.17E** 2.211-1
i Te-55 1.971 6 1.17t*6 - - 4.69E*4 1.09t.3 3.33t*3

fe-59 1.361 4 2.351 4 - - 1.021*6 2.48t*4 9.461 3
Co-57 - 6.Stt*2 - - 3.79E* 5 4.861*3 6.41t 2

Co-58 - 1.221*3 - - 7.77t*5 1.111 4 1.821 3
Co-60 - 8.021*3 - - 4.51t*6 3.19t*4 1.18t*4
64-63 3.39t*5 2.04t*4 - - 2.091 5 2.42t*3 1.16t*4
mi-65 2.391 0 2.84t-1 - - 8.12E*3 5.01t*6 1.23E-1
Cu-66 - 1.881*0 - 3.981*0 9.30E*3 1.50t*4 7.74t '

2n-65 1.931 4 6.26t*4 - 3.25t*4 6.471 5 5.141 4 3.111 4
In-69 5.391-2 9.67t-2 - 6.021-2 1.47E*) 1.32t*6 7.16L-3 |
or-82 - - - - - - 1.33t*4 |

Dr-83 - - - - - - 3.011 2 -

|Er-84 - - - - - - 4.00t*2
;

Br-85 - - - - - - 2.06t*1 e !
t b- 8 6 - 1.901 5 - - - 3.06t*3 8.821*4
Fb-88 - 5.571 2 - - - 3.39E*2 2.871 2

. Eb-09 - 3.21t*2 - - - 6.82t 1 2.06t*2
4| $r-89 3.9E1 5 - - - 2.031 6 6.ect*6 1.141 6 I

6 r - 90 4.09E*7 - - - 1.12t*7 1.311 5 2.54t*6
Sr-91 9.561*1 - - - 5.26t*4 7.36t*4 3.66t*0
3r-92 1.051*1 - - - 2.361 4 1.40E*5 3.911-1
1-93 3.29t*3 - - - 2.691 5 1.04t*5 8.821 1i ,

|
i-91 4.071-1 - - - 2.79g*3 2.35t*3 1.391-2

[

T-91 5.88t*5 - - - 2.651 6 7.031 6 1.57E*4
| 1-92 1.6*t 1 - - - 2.651 4 1.271 5 6.61t-1
| Y-93 1.50t 2 - - - 7.64t*4 1.67t*5 4.07t*0
1 2r-95 1.15t*5 2.79t*4 - 3.11t*4 1.75t*6 2.17E*4 2.03t**

2r-97 1.50t*2 2.56t*1 - 2.591 1 1.101 5 1. 6 C E. 5 1.17t*1

, Nb-95 * 571 4 6.43t*3 - 4.72t*3 4.79t*5 1.27t*4 3.78t*3..
| bb-97 3.421-1 7.29t-2 - 5.70t-2 3.32t*3 2.69E** 2.63r-2

M o- 99 - 1.451*2 - 2.65t.2 1.351 5 4.871 4 3.23r*1
Tc-99e 1.401-3 2.881-3 - 3.111-2 8.11t*2 2.C31 3 3.72E 2

| Tc.101 6.511-5 8.23t-5 - 9.79t-4 5.est*2 e.44t*2 8.121.-4
Av-103 2.02t*3 - - 4.261 3 5.521 5 1.6t!*4 6.79t*2 j

Ru-105 -1.221*0 - - 8.99t-1 1.571 4 4.86E.6 4.1ct-1
Ru-tot 8.661 6 - - 1.071 5 1.16t*7 1.66t*5 1.09t**
Ih-103e - - - - - - -

Eh-106 - - - - - - -

Aa-11De 9.981 3 7.22t.3 - 1.09t*4 3.67t*6 3.3ct*4 5.D0t*3
sb-126 3.79t*6 5.56t*2 1.01I.2 - 2.65t*6 5.911 6 1.2;I.4
$b-125 5.17t*6 4.77t*2 6.231 1 - 1.6't*6 1.a7E.a 1. cst *6
Te-125. 4.76t 3 1.99E 3 1.621 3 4.471 5 1.29E 6 6.5EL*2-

Te-127a 1.671 4 6.90t*3 4.87t*3 3.751 4 1.31t*6 2.731 4 2.c71 3
Te-127 2.23t*0 9.53t-1 1.25t*0 4.str*0 1.03t*4 2.64t*4 4.891-1
Te-129s 1.41t*4 6.09E*3 5.471 3 3.18t*4 1.68t*6 6.>0t*4 2.231 3
Te-129 7.8tt-2 3.471-2 6.75I-2 1.75E-1 3. Dot *3 2.631 4 1.8EE-2
Te-131. 1.07t+2 5.50t+1 8.931 1 2.651 2 1.991 5 1.19E*5 3.63t*1
Te-131 1.74E-2 8.22t-3 1.58t-2 3.991-2 2.06t*3 8.221 3 5.0ct-3
Te-132 3.72t*2 2.37t 2 2.79t*2 1.03t*3 3.40E*5 4.41t*4 1.76t*2
3-130 6.36t*3 1.39t*4 1.60t*6 1.53t*4 - 1.99E 3 5.57E*3
3-131 3.791 6 4.441 4 1.att 7 5.181 4 - 1.06t*3 1.961 6
3-132 1.69t*3 3.56t*3 1.69E*5 3.95t*3 1. 90t* 3 1.26t*3-

3-133 1.321 4 1.921 4 3.56t*6 2.24t*4 - 2.16t*3 5.601 3
i 1-134 9.21t*2 1. Bet *3 4.451 4 2.09t*3 - 1.29t*3 6.651 2'

3-135 3.66t*3 7.6c143 6.96t*5 e.47t*3 - 1.83t*3 2.771 3
Cs-134 3.961 5 7.03t*5 - 1.90t*5 7.97t*4 1. 2 3 t. 3 7.45t*4
Co-136 4.81E*4 1. 3 5 t* 5 - 5.642 4 1.18t*4 1.431 3 5.29E*4
Cs-137 5. 4 9t * 5 6.12!.5 - 1.721 5 7.13t*4 1.331 3 4.55t*4

Cs-138 5.05t 2 7.811 2 - 6.10t*2 6.54t*1 8.76t.2 3.96t 2
Be-139 1.481*0 9.t&t-4 - 5.92t-6 5.951 3 5.10t*4 4.3ct-2
Es-160 5.60t*4 5.60t*1 - 1.36t*1 1.60t*6 3.86t*4 2.901 3
8s-14 1 1.57t-1 1.081-4 - 6.50!.5 2.97t*3 4.751 3 4.971-3
6a-142 3.981-2 3.3ct-5 - 1.901-5 1.55t*3 6.931 2 1.96E-3

i 14-140 5.051 2 2. DOI +2 - - 1.681 5 8.481 4 5.151 1
! La-142 1.031*0 3.771-1 - - 6.221 3 5.95t*4 9.041-2! Ce-141 2.771 4 1.671 6 - 5.25E.3 5.17!.5 2.16t*4 1.991 3
- C4-143 2.93t*2 1.93t*2 - 5.est*1 1.161 5 4.171 4 2.211 1
! Ce-146 3.19t*6 1.211 6 - 5.381 5 9.841 6 1. 6 6 t* 5 1.761 5
1
1
' Pr-14 3 1.40T*6 5.24t*3 1.97t*3 4.33r*5 3.72t*4 6.99t.2 I-

! Pr 164 4. 79E-2 1.85t-2 - 6.72E-3 1.61t*3 4.281 3 2.411-3l >d-147 7.961 3 8.131 3 - 3.15t*3 3.22t*5 3.121 6 5.0CE*2
b-187 1.30L*1 9.02t*0 - - 3.968 4 3.561 4 3.121 0
kP-239 3.711 2 3.32t*1 - 6.62t*1 5.951 6 * 49t*6 1.881 1.



7atAe 70-4 (continued)
R s Csana-Cp=-M414 Pathway Dose Isetors - ADL*LT

I [)()[;gf.-7,[] I

(ares [atta/yr Per pC1/sec) for others Revsion 4yr Per pC4/a8) for M-3 and C-14
(ma a ,

P e 7 0-22 ;huctase tone Liver Thyroid Ladney Lent CI-LLE 7. bod r
1------* -

, h-3 - 7.63t*2 7.631*2 7.63t*2 7.63t*2 7 63t*2 7.631 2r C-14 3.63I*5 7.261 4 7.261 4 7.26t*4 7.261 4 7.26t*4 7.26t*4 |be-24 2.541 6 2.541 6 2.541 6 2.54t*6 2. 54 t* 6 2.541 6 2.541 6P-32 1.71t*10 1.061 9 - - - 1.S.I.9 6.6Cl*8Cr-51 - - 1.71E*4 6.30t*3 3.801 4 7.201 6 2.861 4
Mn-54 - 8.40E*6 2.50t*6 - 2.57t*7 1.60t*6-

Mo-54 - 4.23E-3 - 5.38I-3 1.35t-1 7.511-4-

fe-55 2.51E*7 1.731 7 - - 9.671 6 9.95E 6 4.Det*6 |Te-59 2.98t*7 7. DOI + 7 - - 1.95t*7 2.33t*8 2.68t*7Co-57 - 1.261 6 - - - 3.25t*7 2.131 6
,

Co-58 - 4.721*6 - - - 9.571*7 1.061 7Co-60 - 1.64t.7 - - - 3.041 8 3.62I 7ba-63 6.73t*9 4.66t*8 - - - 9.731 7 2.26t*8ha-65 3.7C1-1 4.811-2 - - - 1.221*0 2.191-2
Cu-64 - 2.41E*4 - 6.061 4 - 2.05f*6 1.13E.4
2e-65 1.37t*9 4.36t*9 - 2.92T.9 - 2.751 9 1.97t*9
2n-69 - - - , - - -

Br-82 - - - - - 3.721 7 3.25t*7
Er-83 - - - - - 1.49E-1 1.C3t-1 -

er-64 - - - - - - -

tr-85 - - - - - - - e
Eb-16 - 2.59E.9 - - - 5.111 8 1.211 9
Rb-88 - - - - - - +

Eb-89 - - - - - - -

] St-89 1.45Ie9 - - - - 2.331 8 4.161*7
'

S t - 40 4.661*10 - - - - 1.351*9 1.15f*10
5r-91 3.131 4 - - - - 1.49I+5 1.27I+3 '

,

t St-92 4.89t-1 - - - - 9.68t*0 2.111-2
| Y-90 7.07t*1 - - - - 7.5tt*5 1.9c1 0' Y-91e - - - - - - -

l Y-91 8.6C1 3 - - - - 4.73t*6 2.30E*2'

Y-92 5.421-5 - - - - 9.49t-1 1.581-6
Y-93 2.331-1 - - - - 7.39I+3 6.431-32r-95 9.461 2 3.03t*2 - 4.7(1 2 - 9.62t*5 2.C5t*22r-97 4.2tt-1 6.591-2 - 1.3CI-1 - 2.66t*4 3.931-2
tb-95 8.25t*4 4.59E*4 - 4.541 4 - 2.791 8 2.47I+4
hb-97 -' - - - - 5.471-9 -

Mo-99 - 2.521 7 - ,5.72t*7 - 5.851 7 4.80t*6
Tc-99e 3.25t*0 9.19I.0 - 1.act*2 4.50t*0 1.441 3 1.17t+2

; Tc-101 - - - - - - -

Su-103 1.C2E*3 - - 3.s91 3 - 1.19t*5 4.39E*2
pu-105 8.571-4 - - 1.111-2 - 5.241-1 3.3tt-4
bu-ict 2.041*4 - - 3.94t*4 - 1.321 6 2.5EE.1 ,

th-103e - - - - - - -

kh*106 - - - - * * *

As - 110e 5.831*7 5.39t*7 - 1.06t*8 - 2.20t*10 3.2ct*7
$b-124 2.571*7 4.861 5 6.241*4 - 2.00t 7 7.311 8 1.c t 7
$b-125 2.Det*7 2.28I+5 2.08t*4 - 1.56E.7 2.251 8 4.8tt*6
Te-125e 1.63t*7 5.9CI+6 4.P;t*6 6.631 7 - 6.501 7 2.181 6
Te-127e 4.581 7 1.64t*7 1.171 7 1.86t*8 - 1.541 8 5.581 6

Te-127 6.721 2 2.41E*2 4.9Et*2 2.74t*3 - 5.301 4 1.45t*2 |
Te-12&e 6. D4 t * 7 2.25t*7 2.081 7 2.521 8 - 3.041 8 9.571 6 !
Te-129 - - - - - - -

Te-131e 3. 61t* 5 1.77E*5 2.801 5 1.79E.6 1.751 7 1.471 5-

Te-131 - - - - - - -

Te-132 2.391 6 1.551 6 1.711 6 1.4 9E* 7 - 7.32t*7 1.45t*6
2-130 4.2&E*5 1.261 6 1.C7t*8 1.961 6 - 1.081 6 4.961 5

'2-131 2.96t*8 4.24t*8 1.39E*11 7.271 8 - 1.12I.8 2.43t*8,

1-132 1.641-1 4.371-1 1.53t*1 6.97E-1 - 8.22t-2 1.531-1
2-133 3.97E*6 6. 9CI+6 1.01E*9 1.20f*7 - 6.2DI+6 2.10t*6

2-134 - - - - - - -

1-135 1.39E*4 3.63t*4 2.40t+6 5.831 4 - 4.1C1 4 1.341 4
Cs-134 5.65t*9 1.34t*10 - 4.35t*9 1.441 9 2.35t*8 1.1ct 10
Cn-136 2.611 8 1.03I.9 - 5.74r.b 7.87E*7 1.171 8 7.421 8
Cs-137 7.38t*9 1.011*10 - 3.43I+9 1.141 9 1.95t*8 6.61t*9

Cs-138 - - - - - - -

ta-139 4.701-8 - - - - 8.34t-8 1.38E-9
Ea-140 2.69t*7 3.38I+4 - 1.151 4 1.93t*4 5.541 7 1.761 6
g.-1et - - - - - - -

8e-142 - - - - . - -

La-140 4.49E*0 2.26t*0 - - - 1.661 5 5.971-1
La-142 - - - - - 3.03f-8 -

Ce-141 4.84t*3 3.271 3 - 1.521*3 1.251 7 3.71E*2-

Ce-143 4.19E*1 3.09E*4 - 1.361*1 - 1.1Et*6 3.42I 0
Ce-144 3.581*5 1.5ct*5 - 8.67t*4 - 1.211 8 1.92t*4

!
Pr-143 1.59t*2 6.371 1 - 3.6ft 1 - 6.96t*5 7.88t.0
Pr-164 - - - - - - -

bd-147 9.421*1 1.09I+2 6.371 1 5.23t*$ 6.52t*0- -

b-187 6.561 3 5.48t*3 - - - 1.6 1*4 1.921 3
kP-239 3.6tt*0 3.6CE-1 - 1.12teo 7.35t*4 3.981-1-

|

|
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M-3 - 9.94t*2 9.96t*2 9.94t*2 9.94t*2 9.9 1 2 9.94t*2
C-14 s.701 5 1.34t*5 1.34t*5 1.341 5 1.341 5 1.34t*5 t.34t*5
ka-24 4.44t*6 4.44t*6 4.44t*6 4.44t*6 4.44t*6 4.44t*6 4.44t*6
P-32 3.151 10 1.951 9 - - - 2.651 9 1.221 9
Cr-51 - - 2.761 4 1.101 4 7.13t*4 8.40t*6 5. Dot *4

rn-54 - 1.40!*7 - 4.17E*6 - 2.87E*7 2.7&t*6
| Mn-56 - 7.511-3 - 9.501-3 4.96!-1 1.331-3-
'

Fe-55 4.45t*7 3.16t*7 - - 2. Dot *7 1.371 7 7.341 6
te-59 5.201 7 1.21t*8 - - 3.82t*7 2.871*8 4.681 7
Co-57 - 2.25t*6 - - - 4.191 7 3.76t*6

0o-58 - 7.95t*6 - - - 1.10t*8 1.831 7
Co-60 - 2.781*7 - - - 3.621 8 6.261 7
64-63 1.14t*10 8.351 8 - - - 1.331 8 4.01t*8
6:+65 6.76t-1 8.66t-2 - - - 4.7CI 0 3.94t-2
Co-64 - 4.291 4 - 1.091 5 - 3.33t*6 2.02E 4

2n-65 2.11t*9 7.311 9 - 4.68t*9 - 3.101 9 3.41t*9r

| ta-69 - - - - - - -

| Br-82 - - - - - - 5.64t*7
' ar-83 - - - - - - 1.91E-1 -

3r-84 - - - - - - -

St-85 - - - - - - - ,
E b-8 6 - 4.73t*9 - - - 7 D*t*8 2.22t*9
Pb-88 - - - - - - -

E b- 8 9 - - - - - - -

Er-89 2.67t*9 - - - - 3.18t*8 7.66t*7

5r-90 6.61t+10 - - - - 1.86t*9 1.63t*10
1r-91 5.751 4 - - - - 2.61t*5 2.29t*3
Er-92 8.95E-1 - - - - 2.28t*1 3.811-2
T-90 1.301 2 - - - - 1.071*6 3.50E*0
Y-91e - - - - - - -

T-91 1.581 4 - - - - 6.48t*6 4.24t*2
j 7-92 1.001-4 - - - - 2.75t*0 2.901-6 ;

Y-93 4.30E-1 - - - - 1.31t*4 1.181-2
2r-95 1.65t*3 5.22t*2 - 7.67t*2 - 1.20t*6 3.591 2
2r-97 7.751-1 1.53t-1 - 2.321-1 4.151 4 7.0t1-2-

, k b-95 1.41t * 5 7.80t** - 7.571 4 - 3.34t*8 4.30t*4
| kb-97 - - - - - 6.341-8 -

Mo-99 - 4.56t*7 - 1.041 8 - 8.16t*7 8.691 6
3Tc-99e 5.64t*0 1.57I.1 - 2.341 2 8.73t*0 1.031 4 2.04t*2

Tc-101 - - - - - - -

|Ra-103 1.811 3 - - 6.401 3 - 1.52t*5 7.75t*2
Ra-105 1.57E-3 - - 1.97E-2 - 1.26t*0 6.c81-4
Pu-106 3.75t*4 - - 7.231 4 - 1.80t*6 4.73t*3
Eh-103e - - - - - - -

p;h-106 - - - - - - -

As-11De 9.631 7 9.11t*7 - 1.74t*8 - 2.56teto 5.54t*7
Eb-124 4.!91 7 8.46t*5 1.041 5 - 4.011 7 9.25I.8 1.79t*7
sb-125 3.851 7 3.991 5 3.491 4 - 3.211 7 2.84t*8 8.54t*6
Te-125e 3. D0 E * 7 1.08t*7 8.39t*6 - - 8.861 7 4.C2!*6
Te-127a 8.44t*7 2.99t*7 2.011 7 3.42t*8 - 2.101*8 1. t([ * 7

Te-127 1.24t*3 4.41t*2 8.59E*2 5. 04 t* 3 - 9.611 4 2.68t*
Te-129s 1.11t*8 4.10t*7 3.57E.7 4.62t*8 4.15t.8 1.751 7-

Te-129 - - - 1.67t-9 - 2.181-9 -

Te-131e 6.57E*$ 3.151 5 4.74t*5 3.'29t 6 - 2.531 7 2.t31 5
te-131 - - - - - - -

Te-132 4.28t*6 2.71t*6 2.661 6 2.60t*7 - 8.581 7 2.551 6
1-130 7.49E*5 2.171 6 1.771 8 3.34t*6 - 1.671 6 8.661 5
3-131 5.38t*8 7.53t*8 2.201 11 1.30t*9 - 1.491 8 4.04t.8
2-132 2. 9CE- 1 7.59t-1 2.561 1 1.20E*0 - 3.311-1 2.721-1
1-133 7.24t*6 1.23t*7 1.72t*9 2.15t*7 - 9.301*6 3.75t*6

| 1-134 - - - - - - -

3-135 2.47t*4 6.35t*4 4.06t*6 1.Dct*5 7.031 4 2.351 4-

Cs-134 9.81t*9 2.31t*10 7.341*w 2.80t*9 2.871 8 1.071+10-

Co-116 4.45t*8 1.75t*9 - 9.531 8 1.50E*8 1.411 8 1.18t*9
Ce-137 1.341 10 1.781 10 - 6.061 9 2.35t*9 2.53t*8 6.201 9

I Co-138 - - - - - - -
I Be-139 8.491-8 - - - - 7.751-7 2.531-9

Ee-140 4.851 7 5.95t*4 - 2.02t** 4.001 4 7.491 7 3.131 6
Sa-141 - - - - - - -

Sa-142 - - - - - - -

| La-140 8.0t1*0 3.9tteo - - - 2.271*5 1.05t*0
l L4-142 - - - - - 2.231-7 -

Ce-141 8.871 3 5.92t*3 - 2.79t*3 - 1.69E*7 6.811+2
Ce-143 7.69t*1 5.60E*4 - 2.511 1 - 1.681 6 6.25t*0
Ce-144 6.581 5 2.721 5 - 1.43t*5 - 1.66t*8 3.541 4

fr-143 2.921*2 1.17t*2 - 6.77t.1 - 9.411 5 1.4 5te t
fr-144 - - - - - - -

bd-147 1.81t+2 1.97E 2 - 1.16t*2 - 7.itt*5 1.18t*1
b-187 1.201 4 9.781 3 - - - 2.651 6 3.43t*3
mp-239 4.99t*0 6.59t-1 - 2.07t*0 - 1.061+1 3.66t-1
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| 8-3 - 1.57t*3 1.571 3 1.57t*3 1.571 3 1.57t*3 1.571 3'

C-14 1.65t*6 3.291 5 3.29t*5 3.291 5 3.2 9t* 5 3. 2 9t * 5 5.291 5 i
*

ka-24 9.231 6 9.23t*6 9.23t*6 9.23t*6 9.23t*6 9.23t*4 9.23t*6
P-32 7.77t+10 3.64t*9 - - - 2.151 9 3. DOI + 9
Cr-51 - - 5.66t*4 1.551 4 1.C3t*5 5.41t*6 1.021*5
en-54 - 2.09t*7 - 5.87t*6 - 1.7 6t *7 5.58t*6
mn-56 - 1.31t-2 - 1.581-2 - 1.901 0 2.951-3
te-55 1.121 8 5.931 7 - - 3.35t*7 1.1c1 7 t.sete?
te-59 1.201 8 1.95t*8 - - 5.651 7 2.031 8 9.71t*7
Co-57 - 3.841 6 - - - 3.14t*7 7.771 6

Co-58 - 1.211 7 - - - 7.C81 7 3.721 1
Co-60 - 4.32t*7 - - - 2.39t*8 1.27t*8
64-63 2.96t*10 1.59t*9 - - L 1.071 8 1.01t*9
ba-65 1.661 0 1.561-1 - - - 1.911 1 9.11E-2

| Co-64 - 7.551 4 - 1.821 5 - 3.54t*6 4.561 4

In-65 4.13t*9 1.10t*10 - 6.96t*9 - 1.931 9 6.85t*9
.Zn-69 - - - - - 2.141-9 -

Br-82 - - - - - - 1.151 8
Br-83 - - - - - - 4.691-8 -

Sr-64 - - - - - - -

Sr-85 - - - - - - - ,
kb-86 - 8.77t*9 - - - 5.64t*8 5.391 9
sp.68 - . - . - - .

8k-89 - - - - - - -

3r-89 6.621*9 - - - - 2.56t*8 1.89t*8

$r-90 1.121 11 - - - - 1.511 9 2.83t*10
5 *91 1.41t*5 - - - - 3.121 5 5.331 3
sr-92 2.191 0 - - - - 4.141 1 8.761-2
Y - 90 3.22t*2 - - - - 9.15t*5 8.61t*0
Y-91m - - - - - - -

( Y-91 3.911*4 - - - - 5.211 6 1.06t*3
T-92 2.4(1-4 - - - - 7.10t*0 7.03I-6
Y-93 1.06t*0 - - - - 1.57t*4 2.9CI-2
Ir-95 3.84t*3 8.451 2 - 1.211 3 - 8.81t*5 7.521 2
2r-97 1.BSE*0 2.721-1 - 3.911-1 - 4.13t*4 1.611-1

kt-95 3.181 5 1.241 5 - 1.161 5 - 2.29t*8 8.841 4
kb-97 - - - - - 1.45t-6 -

ko-99 - 6.29t*7 - 1.771*8 - 6.86t*7 2.05t*7I Tc-99e 1.29t*1 2.54t 1 - 3.681 2 1.29t*1 1.441 4 4.20l+2
Tc-101 - - - - - - -

Re-103 4.291 3 - - 1.CBE*4 - 1.111 5 1.651 3
Eu-105 3.821-3 - - 3.361-2 - 2.49t*0 1.391-3
Au-106 9.24t*4 - - 1.25t*5 - 1.44t*6 1.15t*4
Rh-1C3e - - - - - * *

Sh-106 - - - - - - -

As-110m 2.09t*8 1.41t*8 - 2.63t*8 - 1.68t*10 1.131 8
i5b-124 1.091 8 1.41t*8 2.4CE*5 6.C3t*7 6.79t*8 3.811 7- '

5b-125 8.701 7 1.41t*6 8.C6t*4 - 4.851 7 2.081 8 1.821 7 i

Te-125m 7.38t*7 2. DC I+ 7 2.C7t*7 - - 7.121 7 9.84t*6 {7e-127e 2.08t.8 5.60t*7 4.971 7 5.931 8 - 1.6E!*8 2.471 7 I

Te-127 3.06t*3 8.25t*2 2.121 3 8.71t*3 - 1.2CI+5 6.5tt*2
Te-129s 2.72t*8 7.61t*7 8.781 7 8. DCI+ 8 3.321 8 4.231 7-

Te-129 = = - 2.871-9 - 6.12t-B -

Te-131s 1.601 6 5.531 5 1.141 6 5.351 6 - 2.241 7 5.t51 5
Te-131 - - - - - - -

Te-132 1.C2t+7 4.521 6 6.581 6 4.201 7 - 4.15t*7 5.att*6
J-130 1.751 6 3.541 6 3. 90 E* 8 5.291 6 - 1.66t*6 1.821 6
3-131 1.301 9 1.31t*9 4.34t*11 2.131 9 - 1.17t*8 7.461*4
2-132 6.861-1 1.26t+0 5.851 1 1.93t*0 - 1.48t*0 5.801 1
1-133 1.76t*7 2.18t*7 4.04t*9 3.63t*7 - 8.771 6 8.231*6 |

2-,34 - - - - - - -

I-135 5.841 4 1.05I.5 9.301 6 1.811 5 - 8. Dot *4 4.97t*4
Co-134 2.261+10 3.71t*10 - 1.15t*10 4.131 9 2.D01 8 7.831 9
Co-136 1.001 9 2.76t*9 - 1.471 9 2.19t*8 9.701 7 1.791 9
Co-137 3.221 10 3.09t*10 - 1.C1E*10 3.62t*9 1.93t*8 4.55t*9

Cs-138 - - - - - - -

Ba-139 2.141-7 - - - - 1.23E-5 6.19t-9
4

Sa-140 1.17t*8 1.03te$ - 3.34t*4 6.12I 4 5.94t*7 6.841 6 '

g.-141 - - - - - - -

g.-142 - - - - - - -

La-140 1.931 1 6.74t*0 - - - 1.88t.5 2.27t.0
La-142 - - - - - 2.511-6 -

Ce-141 2.19t*4 1.09t*4 - 4.78t*3 - 1.36t*7 1.621*3
Ce-143 1.89t*2 1.C2t*5 4.29t 1 - 1.501 6 1.48t*1-

Ce-144 1.62t*6 5.09t* - 2.821 5 - 1.331*8 8.6tt*4

Fr-143 7.231 2 2.17t*, - 1.17t+2 - 7.8ct* 5 3.59t*1
Fr=144 - - - - - - -

ko-147 4.45t*2 3.60E*2 - 1.981 2 - 5.711 5 2.79t 1
b-187 2.911 4 1.721 4 - - - 2.421 6 7.73t*3
kP-239 1.721 1 1.23tep - 3.57t.o . 9.14 gee 8.6et-1
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| H-3 - 2.38E 3 2.38t*3 2.381 3 h.3813 2.381 3 2.38t*3
| C-14 3.231 6 6.891 5 6.891 5 6.89t*5 6.891 5 6.89E*5 6.891 5

ka-24 1.61t*7 1.611 7 1.6tt*7 1.61t*7 1.611 7 1.611 7 1.61tel
P-32 1.6D1 11 9.421*9 - - + 2.17t*9 6.21t*9
Cr-51 - - 1.C5t*5 2.30t*4 2.c51*5 4.71t*6 1.61E*5

mo-54 - 3.89E*7 - 8.431 6 - 1.431*7 8.831 6
mn-56 - 3.211-2 - 2.761-2 - 2.91t*0 5.531-3
fe-55 1.15E. 8 8.72t*7 - - 4.27E*7 1.11t*7 2.33t*7
fe-59 2.25t*8 3.931 8 - - 1.161 8 1.881 8 1.55t*8
Cn-57 8.95t*6 - - - 3.05t*7 1.461 7-

Co-58 - 2.43t*7 - - - 6.05t*7 6.061 7
Co-60 - 8.81t*7 - - - 2.10E*8 2.08t*8
64-63 3.49t*10 2.161 9 - - - 1.07t*8 1.21E*9
ba-65 3.51t*0 3.97t-1 - - - 3.02t*1 1. 81 t- 1
Co-64 - 1.88t*5 - 3.17t*5 - 3.851 6 8.69t*4

2n-45 5. 5 5t * 9 1. 90E* 10 - 9.23t*9 - 1.61t*10 8.78t*9
2n-69 - - - - - 7.36t-9 -

St-82 - - - - - - 1.94t*8
$r-83 - - - - - - 9.95I-1 .

Er-64 - - - - - - -

St-85 - - - - - - -
#Ab-86 - 2.22I 10 - - - 5.691 8 1.101 10 !

FD-88 - - - - - - -

Eb-t9 - - - - - - -

5 -89 1.2tt*10 - - - - 2.59E 8 3.61E*4

S t - 90 1.22t*11 - - - - 1.52t*9 3.101 10
$r-91 2.96E.5 - - - - 3.488 5 1.061 4
$r-92 4.65t*0 - - - - 5.01t*1 1.73t-1
Y-90 6.80f*2 - - - - 9.391 5 1.82t 1
Y-91m - - -

|

- - - -

| T-91 7.33t*4 - - - - 5.26t*6 1.95t*3
Y-92 5.221-4 - - - - 9.971 0 1.471-5
T-93 2.25t*0 - - - - 1.78t*4 6.13t-2
2r-95 6.831 3 1.6tT*3 - 1.79I.3 - 8.281 5 1.181*3
2r-97 3. 9 9E* 0 6.851-1 - 6.91I-1 - 4.37E*4 3.13t-1

'
ht-95 5.931 5 2.44t*5 - 1.751 5 - 2.061 8 1.41t*5
bb-97 - - - - - 3.70I-6 -

mo-99 - 2.12t*8 - 3.17t*8 6.981 7 4.131 7+

Tc-99m 2.691 1 5.55t*1 5.97t*2 2.9;t*1 1.61t*4 7.15t*2-

te-101 - - - - - - -

Rw-103 8. 6 9 E* ) - - 1.811 4 - 1.00t*5 2.911 3
Ru-105 8.0tt-3 - - 5.921-2 - 3.21t*0 2.71I-3
Eu-106 1.90t*5 - - 2.251 5 - 1.441 6 2.38 tea
$ h-1 Q3e - - - - - - -

Eb-106 - - - - - - -

As-t ica 3.86E.8 2.82t*8 - 4.C31 8 - 1.461 10 1.8tt*8
tb-124 2.091 8 3.08t*6 5.56t*5 - 1.31T*8 6.4tE*8 6.49f*7
$b-125 1.49t*8 1.45t*6 1.87t*5 - 9.38t*7 1.991 8 3.07t*7
Te-125m 1.511 8 5.04t*7 5.071 7 - - 7.18t*7 2.041 7
7e-127e 4.21t*8 1.4LI+8 1.221*8 1.041 9 - 1.7Ct 4 5.101 7

Te-127 6. 50t* 3 2.18E.3 5.29t*3 1.591 4 - 1.36t*5 1.4c1 3
Te-12&s 5.59t*8 1.92E.8 2.15t*8 1.4ct*9 - 3.341 8 4.621 7

1.75t-9 5.181-9 - 1.66t-7 -Te-129 2.081-9 -

Te-131e 3.381*6 1.361 6 2.7tt*6 9.351 6 - 2.29E*7 1.121 6
te-131 - - - - - - -

Te-132 2.10f*7 1.041 7 1.541 7 6.511 7 - 3.85t*7 9.72t*6
3-130 3.60E*6 7.921 6 8.88t*8 8.7CI+6 - 1.7CI+6 3.181 6
1-131 2.72t*9 3.21t*9 1.051 12 3.75t*9 1.15t*8 1.411 9-

i
1 3-132 1.421 0 2.89t*0 1.35t*2 3.221 0 - 2.34t*0 1.C31 0

9.101 6 1.58t*73-133 3.72t*7 5.41t*7 9.84t*9 6.361 7 -

1-134 - - 1.01t-9 - - - -
i

! 3-135 1.211 5 2.41T*5 2.16t*7 2.69t.5 - 8.741 4 8.601 4
Ca-134 3.65t*10 6.80t*10 - 1.75t*10 7.1E1*9 1.85t*8 6.871*9
Co-136 1.961*9 5.771 9 - 2.30!.y 4.7CE.8 8.76t*7 2.15t*9
Ca-137 5.tSE*10 6.C21 10 - 1.621 10 6.551 9 1.88t*8 4.271 9

i

! Cs-138 - - - - - - -

l Ea-139 4.55I-7 - - - - 2.481-5 1.321-8
I Ea-140 2.41E*8 2.41tel - 5.731 4 1.481 5 5.921*7 1.24t*7
! Sa-141 - - - - - - -

! &a-142 - - - - - - -

( La-140 4.03t+1 1.591 1 - - - 1.87t*5 4.091 0 I
l La-142 - - - - - 5.211-6 -

! Ce-141 4.331 4 2.64t+4 - 8.151 3 - 1.371 7 3.111 3
| Ce-143 4.DCI.2 2.651 5 - 7.721 1 - 1.55t*6 3.C2t*1
l Ce-144 2.33t*6 9.52t*5 - 3.851 5 - 1.33E.8 1.301 5

Fr-143 1.49E*3 5.59t*2 - 2.081 2 - 7.89t*5 7.41t+1
Fr-144 - - - - - - -

, bd-147 8.821 2 9.01t*2 - 3.49f*2 - 5.7at*5 5.55t+1
| b-187 6.121*4 4.261 4 - - - 2.5Cl*6 1.47E*4

tr-239 3.64t+1 3.251 0 - 6. 4 9t*0 - 9.4ct*4 1.84t*0
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N-3 - 3.25t*2 3.25t*2 3.25t*2 3.25t*2 3.25t*2 3.251 2 5

C-14 3.33t*5 6.6tt*4 6.6L1 4 6.66t*4 6. 84 t * 4 6.66t*4 6.60t*4 |
b.-24 1.84t-3 1.841-3 1.84E-3 1.84t-3 1.84t-3 1.84t-3 1.841-3
P-32 4.65t*9 2. 8 9t* 8 - - - 5.231*8 1. 6n* C j
Cr-51 - - 4.22t*3 1.5tt 3 9.38t*3 1.78t.6 7.071 3 i

Mn- 54 - 9.15t*6 - 2.721 6 - 2. 8DI* 7 1.75t*6
mn-56 - - - - - - -

te-55 2.931 5 2.021 8 - - 1.13t*8 1.16t*8 4.72t*7
te-59 2.67t*8 6.271 8 - - 1.75t*8 2.091 9 2.40t*8
Co-57 - 5.641 6 - - - 1.43t*8 9.37t*6

Co- 58 - 1.83te? - - - 3.70t*8 4.10E*7
Co-60 - 7.521 7 - - - 1.41t*9 1.66t*8
64-63 1.89I 10 1.31t*9 - - - 2.731*8 6.331 8
66-65 - - - - - - -

Co-64 - 2.95E-7 - 7.451-7 - 2.521-5 1.39E-7 |

2n-65 3.56t*8 1.13I.9 - 7.571 8 - 7.13t*8 5.121 8
2n-69 - - - - - - -

fr-82 - - - - - 1.44t*3 1.261 3
3r-83 - - - - - - - - .

Er-84 - - - - - - -
'

I

{fr-85 - - - - - - - ,
R b- 86 - 4.871 8 - - - 9.60!*7 2.27E*8
tb-88 - - - - - - -

Eb-89 - - - - - - -

Sr-89 3.01t*8 - - - - 4.84I.7 8.65t*6

5r-93 1.261 10 3.59 fee 3.05t*9- - - -

Sr-91 - - - - - 1.381-9 -

Sr-92 - - - - - - -

T-90 1.07t.2 - - - - 1.13t*6 2.861 0
y-91. - - - - - - -

|

T-91 1.131 6 - - - - 6.24t*8 3.03t*4
y-92 - - - - - - -

Y-93 - - - - - 2.08t-7 -

2r-95 1.881 6 6.04t.5 - 9.48t*5 - 1.91E*9 4.091 5
2r-97 1.831-5 3.691-6 - 5.581-6 - 1.14t*0 1.691-6

EL-95 2.29E*6 1.28t+6 - 1.261 6 - 7.75t*9 6.881 5
5d-97 - - - . . - -

ha-99 - 1.09t*5 - 2.461 5 - 2.521 5 2.071 4
Tc-99e - - - - - - -

Tc-101 - - - - - - -
i

ku-103 '1.061 8 - - 4.C3t*8 - 1.23t*10 4.55t-7 i

Ru-105 - - - - - - - I

6v-106 2.8Cr* 9 - - 5.4tt*9 - 1.811+11 3.541 8 I

Rh-Sc3. - - - - - - -

Eh-106 - - - - - - -

44-110e 6.691 6 6.19t*6 - 1.221 7 2.521*9 3.671 6-

Eb-124 1.981 7 3.741 5 4.801 4 - 1.541 7 5.621 8 7.85t*6
56-125 1.911 7 2.13t*5 1.941 4 - 1.47t*7 2.101 5 4.54t*6
Te-125e 3.591 8 1.301 8 1.08t*8 1.46t*9 - 1.431 9 4.81147
Te-127e 1.12t*9 3.99t*8 2.85I.8 4.53t*9 - 3.7+I 9 1.3(1 8

Te-127 - - - 1.091-9 - 2.1C1-8 -

Te-129m 1.14t*9 4.271 8 3.93t*8 4.771 9 - 5.70t*9 1.81I+8
Te-129 - - - - - - -

Te-131e 4.511 2 2.211 2 3. 50 t * 2 2.241 3 - 2.191 4 1.84t*2
Te-131 - - - - - - -

Te-132 1.40I 6 9.07t*5 1.00t*6 8.73I.6 - 4.29t*7 8.51t*5
3-130 2.35t-6 6.941-6 5.88t-4 1.081-5 - 5.981-6 2.741-6 ;
I-131 1.CtI*7 1.54t*7 5.05t*9 2.64E.7 - 4.071 6 8.831 6 1

3-132 - - - - - - -

1-133 4.30t-1 7.471-1 1.101 2 1.301 0 6.72E-1 2.2tt-1-

2-134 - - - - - - -

}-135 - - - - - - -

i Ce-134 6.571 8 1.5t!*9 - 5.001 P 1.681 8 2.74t*7 1.28t*9
'

Cs-136 1.18t*7 4.671*7 - 2.6C2 7 3.56t*6 5.30t*6 3.36t*7
Cs-137 8.121 8 1.191 9 - 4.05t* 8 1.351 8 2.311 7 7.811 8

Cs-138 - - - - - - *

5.-139 - - - - - - -

Sa-140 2.88t*7 3.61t*4 1.23t*4 2.071*4 5.921 7 1.89t*6-

g.-141 - - - - - - -

g.-142 - - - - - - -

14-140 3.8DE-2 1.811-2 - - - 1.33t*3 4.79t-3
E4-142 - - - - - - -

Ce-141 1.40t*6 9.48t*3 - 4.40t*3 3.62t*7 1.08t*3-

Ce-143 2.09E-2 1.5!!*1 - 6.80t-3 - 5.78t*2 1.71t-3
Ce-144 1.46t*6 6.09t.5 - 3.61t*5 4.931 8 7.83t*4-

Pr-143 2.131 4 8.541 3 - 4.931 3 9.33I.7 1.06t*3-

Pr-144 - - - - - - -
6d-147 7.081 3 8.18t.3 - 4.781*3 - 3.93t*7 4.901 26-187 2.1(1-2 1.811-2 - - - 5.921 0 6.321-3
h r-239 2.56E-1 2.511-2 - 7.841-2 - 5.151 3 1.39t-2

|
_ _ _ - _ _ - - _ _ _ _ . -



1

Tatile 7 0-4 (continued) |
O D C M-7.0 |,

| >+.. Cr.4.-C -zeot r.tt,*,.y E.oa, t ci r4 - 7ta4cta
Revsion 4 |

1

(ersq'yr per pCL/38) f or li-3 and C-14 Page 7.0-27
(e8 a eres/yr per pCi/.ec) f or othere

nuclece ,5cne !.l * e r Tbyreid Eidne y 14ms CI-111 T.Sody
I

. m-3 - 1.94t*2 1.941 2 1.94t*2 1.94t*2 1.94t*2 1.941 2'

C-14 2.81E*5 5.62t+4 5.62t*4 5.621 4 5.62t*4 5.621*4 5.62t*6
| ka-24 1.4 7 t-3 1.47I-3 1.471-3 1.471-3 1.471-3 1.471-3 1.47t-1

F-32 3.93t*9 2.44t*8 - - - 3.30t*8 1.121 8I
Cr-51 - - 3.141 3 1.241 3 8.07t*3 9.50t*5 5.65t*3

Mn-54 - 6.961 6 - 2.08t*6 - 1.43t*7 1.38t*6
mn-56 - - - - - - -

fe-55 2.381 8 1.69E*8 - - 1.071 8 7.30t*7 3.93t*7
fe-59 2.13t+8 4.98t*8 - - 1.57t*8 1.18t*9 1.921 8
Co-57 - 4.531 6 - - - 8.45t*7 7.59t*6

Co-58 - 1.41te? - - - 1.94t*8 3.25t*7
Co-60 - 5.831 7 - - - 7.6ct*8 1.31t*8
hi-63 1.521 10 1.071 9 - - - 1.71E*8 5.151 8
mi-65 - - - - - - -

Cu-64 - 2.41t-7 - 6.101-7 - 1.871-5 1.131-7

2e-65 2.501 8 8.69t*8 - 5.56t*8 - 3.6t1 8 4.05t*8
in-69 - - - - - - -

1

Er-82 - - - - - - 9.98t*2
' |3r-83 - - - - - - - i

Br-64 - - - - - - - 3

I8r-85 - - - - - - - 8
i

Eb-66 - 4.06t*8 - - - 6.01E*7 1.91t*8
Eb-48 - - - - - - -

E b- 8 9 - - - - - - - '

Sr-89 2.5*tet - - - - 3.031 7 7.29t*6

S r- 90 8.05t.9 - - - - 2.211 8 1.991 9
Sr-91 - - - - - 1.101-9 -

$r-92 - - - - - - -

T-90 8.98t*1 - - - - 7.4C1 5 2.42E+0
|

y-91. - - - - - - -
,

Y-91 9.56t*5 - - - - 3.921 8 2.56t*4
y-92 - - - - - -

|Y-93 - - - - - 1.69t-7 -
1

Ir-95 1.511 6 4.7tt*5 - 6.99t*5 - 1.1ct*9 3.27E*5
2r-97 1.53t-5 3.02t-6 - 4.58E-6 - 8.181-1 1.39t-6

f ht-95 1.79I.6 9.941 5 - 9.641 5 - 4.25t*9 5.47t*5
kb-97 - - - - - - -

Ma-99 - 8.98t.4 - 2.ott*5 - 1.61E*5 1.71t*4
Tc-99a - - - - - - -

i

Tc-101 - - - - - - - '

Ru-103 8.6CE*7 - - 3.03t*8 - 7.18t*9 3.68t*7 |
Ru-105 - - - - - - - j
Eu-106 2.36t*9 - - 4.55t*9 - 1.13t*11 2.971*t
Rh-103e - - - - - - -

|

| ph-106 - - - . . - - )

As-110e 5.06t*6 4.79t*6 - 9.141 6 - 1.35t*9 2. 91Ee ts
&b-124 1.421 7 2.98E.5 3.67t*4 - 1.411 7 3.2t!*8 6.31t*6
Sb-125 1.5ft*7 1.71t*5 1.49t*4 - 1.37t*7 1.221 8 3.6tt*6
Te*125e 3.031 8 1.09t*8 8.471 7 - - 8.941 8 a. Cit *7
Te-127s 9.41t*8 3.34t*8 2.241 8 3.82t*9 - 2.351 9 1.121 6

Te-127 - - - - - 1.75E.f -

Te-129s 9.58t*8 3.561 8 3.C9t*8 4.011 9 - 3.6Ct+9 1.52i+6
Te-129 - - - - - - -

Te-131s 3.7tE*2 1.8Dt+2 2.71t*2 1.88t*3 - 1.451 4 1.5ct*2
Te-131 - - - - - - -

Te-132 1.15t*6 7.26t*5 7.6tt*5 6.97t*6 - - 2.3CT*7 6.84t*5
3-130 1.891-6 5.48E-6 4.471-4 8.441-6 - 4.211-6 2.191-6
3-131 8.95t*6 1.25t*7 3.6tt*9 2.161*7 - 2.48t*6 6.731 6
2-132 - - - - - - -

3-133 3.59I-1 6.10E-1 8.511 1 1.071 0 - 4.611-1 1.861-1

1-134 - - - - - - -

1-135 - - - - - - -

Co-134 5.23t*8 1.231*9 - 3.911 8 1.491 8 1.531 7 5.71t*8 '

Co-136 9.22t*6 3.631 7 - 1.971*7 3.11t*6 2.921 6 2.44t*7 '

C4-137 7.24t*8 9.63t*6 - 3.28t*8 1.27t*8 1.37t*7 3.361 8

Co-138 - . - - - - -

i La-13 9 - - - - - - -

! Es-140 2.381*7 2.911 4 - 9.88t*3 1.961 4 3.671 7 1.531 6
| 8.-141 - - - - - - -

8.-142 - - - - - - -

- - - 8. 3 5t* 2 3.87C-314-140 2.9tt-2 1.451-2
|

t,-142 - - - - - . -

Ce-141 1.18t*4 7.861 3 - 3.7CI'3 - 2.25t*7 9.031 2
| 5.74t-3 - 3.851 2 1.431-3Ce-143 1.76t.2 1.28t*1' -

| Ce-144 1.23t*6 5.081 5 - 3.O*!*5 - 3.C91 6 6.60t*4

I Pr-143 1.79t** 7.15t*3 - 4.161*3 - 5. wi* 7 8.92t*2
tr-144 - - - - - - -

bd-147 6.24t*3 6.791 3 - 3.98t*3 - 2.451 7 4.ott 2
b-167 1.81t-2 1.48t-2 - - - 3.991 0 5.171-3
6p-239 2.231-1 2.111-2 - 6.611-2 - 3.391 3 1.17t-2

_ _ _ _ - - - - .



Tatde 70-4 ! continued)
,

i 8se. Grete-Cow-neet Pathway Dose factors - Ch1LD ODCM-7.0
! Revsion 4
| (.rea/pr per .Cs/.33 1.r u-3 .ns C-i'

a stes/rr Per pCi/sec) for othere PaOe 7.0-28(e8

tucisce bone Liter Thyroid Kidney Luna C2-LLI T.Sody

t m-3 - 2.341 2 2.341 2 2.34t.2 2.341 2 2.341 2 2$34t*2| C-14 5.291 5 1.06t*5 1.061 5 1.06145 1.06t.5 1.06t*5 1.06t*5
ba-24 2.34t-3 2.34t-3 2.34t-3 2.341-3 2.341-3 2.34t<3 2.34t-3
P-32 7.41E*9 3.47t*8 - - - 2.05148 2.86t*8
Cr-51 - - 4. 6 9E* 3 1.341 3 8.931 3 4.671*5 8.811 3
Mn-54 - 7.991 6 - 2.24t*6 - 6.701 6 2.13t+6
Mn-56 - - - - - - - ite-55 4.571 8 2.42t*8 - - 1.371 8 4.491 7 7.51t*7
fe-59 3.78t*8 6.121 8 - - 1.77t*8 6.371 8 3.051 8
Co-57 - 5.921 6 - - - 4.85t* 7 1.20t*7
Co-58 - 1.651 7 - - - 9.60E*7 5.04t*7
Co-60 - 6.93r*7 - - ,- 3.841 8 2.04t*8
hA-63 2.91t*10 1.56t*9 - - - 1.051 8 9.911 8
ks-65 - - - - - - -

Co-64 - 3.24t-7 - 7.82t-7 - 1.52t-5 1.96t-7
2n-65 3.751 8
Jn-69 -

1.001 9 , - 6.301 8 - 1.76t*8 6.220*8
- - - - - -

sr-42 - - - - - - 1.561 3
Br-83 - - - - - - - -

Sr-84 - - - - - - -

sr-85 - - - - - - - ,
Db-86 - 5.761 8 - - - 3.711 7 3.54t*8
Rb-88 - - - - - - -

Ab-89 - - - - - - -

St-89 4.821*8 - - - - 1.861 7 1.38t*7
5r-90 1.b41*10 - - - - 1.4C1 5 2.641*9,

i Er-91 - - - - - 1.011-9 -|

5r-52 - - - - - - -

1-90 1.7CE 2 - - - - 4.84t*5 4.55t*0
Y-91m - - - - - - -

( T-91 1.811*6 - - - - 2.41t*8 4.83t*4
| T-92 - - - - - - -
! Y-93 - - - - - 1.551-7 -' 2r-95 2.681 6 5.891 5 - 8.43t*5 - 4.14t*8 5.241 52r-97 2.8 E-5 4.10E-6 - 5.89t-6 - 6.211-1 2.421-6

hb-95 3.09I+6 1.20t*6 - 1.131 6 2.231 9 8.61t*5-

kb-97 - - - - - - -

M 2- 99 - 1.25t*5 - 2.671 5 - 1.C31 5 3.09t*4
Tc-9 En - - - - - - -
Tc-101 - - -. - - - -

tv-103 1.56t*8 - - 3.921 8 4. cst *7 5.981 7-

ku-105 - - - - - - -
;

Fu-306 4.441 9 - - 5.991 9 - 6. 92I 10 5.5e1 8
Sh-103e - - - - - - -

Rb-106 - - -

.-
- - -

Aa-11Da 5.40E.6 5.671 6 - 1.06t*7 - 6.75t*8 4.53t*t$b-124 2.931 7 3.801 5 6.46t*4 - 1.621*? 1.83t*8 1.031 7
Sb-125 2.8 5t *7 2.19t.5 2.641 4 - 1.591 7 6.801 7 5.96t*6
Te-125e 5.69t*8 1.54t*B 1.60t*8 - - 5.49t*8 7.54t*7
Te-127e 1.771 9 4.76t*8 4.26t*8 5.061 9 - 1.44t*9 2.*1t*8
Te-127 - - - 1.21t-9 - 1.661-8 -

Te-129s 1.811 9 5.041 8 5.821 8 5.301 9 - 2.2ct*9 2.8:t*8
Te-129 - - - - - - -

1Te-131e 7.001*2 2.421 2 4.981 2 2.341 3 - 9.82t*3 2.511 2
te-131 - - - - - - - )'
Te-132 2.C9t*6 9.27t*5 1.35t*6 8.6ct*6 9.33t*4 1.121 6-

3-130 3. 3 9t-6 6.85t-6 7.541-4 1.021-5 - 3.2ct-6 3.531-6
2-131 1.6tt*7 1.671 7 5.521 9 2.741 7 1.49E*6 9.491 6-

2-132 - - - - - - -
l

2-133 6.68t-1 8.26t-1 1.531 2 1.38t*0 - 3.33t-1 3.12t-1
2-134 - - - - - - -

2-135 - - . - - . - -

Co-134 9.221 8 1.511 9 4.69E 8 1.6et*8 8.151 6 3.19t*8-

Cs-136 1.59t*7 4.371*7 - 2.33r*7 3.47t*6 1.541*6 2.s3t*7
Cs-137 1.33t*9 * 28t*9 - 4.16t*8 1.50t*8 7.99f*6 1.881 8.

Cs-138 - - - - - . -

g. 139 - - - - - - -

Sa-140 4.391 7 3.851 4 1.25t*4 2.29t*4 2.221 7 2.561 6-

g.-141 - - - - - - -

Ea-142 - - - - - - -

La-140 5.411-2 1.89t-2 - - - 5.271 2 6.38E-3
La-142 - - - - - - *

Ce-141 2.221 4 1.111 4 - 4.841 3 - 1.36t*7 1.64t*3
Ce-143 3.301-2 1:?9t 1 - 7.511-3 - 2.621 2 2.59t-3
Ce-144 2.!'t*6 7.261 5 - 4.C2t*5 - 1.891 8 1.24t*5

Pr-143 3.39t*4 1.C21 4 - 5.51L*3 - 3.6tt*7 1.681 3
Pr-144 - - - - - - -

bd-147 1.17t*4 9.48I.3 5.2;t*3 - 1.50t 7 7.341 2-

b-187 3.361-2 1.99t-2 - - - 2.791 0 8.921-3 '

pr-239 4.201-1 3.c21-2 - 8.731-2 2.231 3 2.12t-2-



lable 7 0-4 (continued)

s ee see t.t... r.66*,.y 0 4e 1.ci.r. - Am2 ODCM-7.0,

!
j (area /yr per pCi/a8) ter li-3 and C-14 Revsion 4
'

(as a)eres/yr per pC1/sec) ter other. Page 7.0-29
heclide none f.ive r Thyroid . Eidney Luna Cl-t11 T.&ody

--.----

6-3 - 2.26t*3 2.26t*1 2.26t*3 2.26te) 2.26te3 2.26t*3i C-14 8.971 5 1.791 5 1.791 5 1.79t*5 1.791 5 1.79t*5 1.79tel
ha-24 2.761 5 2.76t*5 2.76t*5 2.76t*5 2.26t*5 2.761 5 2.761*5
F-32 1.40t.9 8.73t*7 - - - 1.58t*8 5.42t*7
Cr-51 - - 2.79E*4 1.03t*4 6.19t * 4 1.17t*7 4.66t*4
hn-54 - 3.11E*8 - 9.27t*7 - 9.541 8 5.941 7
Mn-56 - 1.61t*1 - 2.04t*1 - 5.131 2 2.851 0
te.55 2.091 8 1.45t*8 - - 8.06t.7 8.29t*7 3.37t*7
te-59 1.27t*8 2.99t*8 - - 8.35t*7 9.961 8 1.14t.8
Co-57 - 1.17t*7 - - - 2.97t*8 1.95t*7
Co-58 - 3.09E*7 - - - 6.26t*8 6.92t*7
Co-60 - 1.67t*8 - - - 3.14t*9 3.69t*8
bi-63 1.04t*10 7.21E*8 - - - 1.50E*8 3.49E.8
61-45 6.15t*1 7.99t*0 - - - 2.031 2 3.65t*0
Cu-64 9.271 3 2.34t*4 - 7.90t*5 4.35t*3- -

2n-65 3.171*8 1.01t*9 - 6.75t*8 - 6.36t*8 4.56t*8
2n-t9 8.751-6 1.671-5 - 1.09I-5 - 2.51t-6 1.16t-6
fr-82 - - - - - 1.73t*6 1.51E*6
Br-83 - - - - - 4.63t*0 3.21t*0 .

Br-84 - - - - - - -

Br-OS - - - - - - -
#*b-86 - 2.191 8 - - - 4.32t*7 1.C2t*8

! Ab-68 - - - - - - -

E b- 8 9 - - - - - - -

St-89 9.96t*9 - - - - 1.60t*9 2.86t*8

Sr-93 6.05t+11 - - - - 1.75t*10 1.481 11
Sr 91 3.20E*5 - - - - 1.521 6 1.29E*4

; Sr-92 4.271 2 - - - - 8.46E 3 1.851*1
| 1-90 1.33t*4 - - - - 1.41t*8 1.56t*2

Y-91e 5. 8 3t- 9 - - - - 1.71t-8 -
,

l Y-91 5.131 6 - - - - 2.22I.9 1.371 5
.

'

t-92 9.01E-1 - - - - 1.56t*4 2.63t-2
7-93 1.74t*2 - - - - 5.521 6 4.80t*0

j tr-95 1.19t*6 3.81t*5 - 5.97E*5 1.21t*9 2.58t*5-

2r-97 3.33t*2 6.73t*1 - 1.021 2 - 2.08t*7 3.081*1
bb-95 1.42I 5 7.91t*4 - 7.81E.4 - 4.80!*8 4.2 5t *4

.hb-97 2. 901-6 7.341-7 - 8.561-7 - 2.71t-3 2.681-7
iMo-99 - 6.25t*6 - 1.41t*7 - 1.45t*7 1.19t*6

Tc-99m 3.C6t*0 8.661+0 - 1.32t 2 4.24t+0 5.12t*3 1.101 2
Te-101 - - - - - - -
pu-103 4.80t*6 - - 1.83t*7 - 5.61t*8 2.07t*6
ku-105 5.39t*1 - - 6.96t*2 - 3.3Cl*4 2.13E+1
Ru-106 1.93t*8 - - 3.72t+8 - 1.251 10 2.44t*7
Eh-101s * - - - - * -

Rb-106 - - - - - - -

As-110e 1.06I.7 9.76t+6 - 1.921 7 - 3.98t*9 5.80f*6
Sb-124 1.04t*8 1.96t*6 2.52t*5 - 8.08t*7 2.95t*9 4.111 7
5b-125 1.361 8 1.521 6 1.391 5 - 1.05t*8 1.50t** 3.251 7
Te-125m 9.66t*7 3.50t*7 2. 90t*7 3.931 1 - 3.8tt B 1.29t*7fe-127s 3. 4 9t* 8 1.25t*8 8.92t*7 1.42t*9 - 1.171 9 4.2tt*7
7e-127 5.7tt*1 2.07t*3 4.27t*3 2.35t*4 - 4.54t*5 1.25t*3
Te-129s 2.55t*8 9.50I+7 8.75t*7 1.06t*9 - 1.28t*9 4.C3t*7
Te-129 6.65E-4 2.50t-4 5.10E-4 2.791-3 - 5.021-4 1.6:f-4Te-131e 9.12t * 5 4.461 5 7.06t*5 4.521*6 - 4.431 7 3.72t*5Te-131 - - - - - - -

Te-132 4.29t*6 2.77t*6 3.06t*6 2.67t*7 - 1.31t*8 2.60t*63-130 3.96t*5 1.17t+6 9.90t*7 1.82t+6 - 1.01t*6 4.611 5I-131 8.09E*7 1.16t*8 3.79E*10 1.98t*8 - 3.05t*7 6.631 73-132 5.74t*1 1.54I 2 5.38t*3 2.45t*2 - 2. 8 91+ 1 5.38t*1
3-133 2.12t*6 3.691 6 5.42t*8 6.441 6 - 3.311*6 1.12t*6
1-134 1.06E-4 2.88t-4 5.00E-3 4.59t-4 - 2.51I-7 1.03t-4
3-135 4.08t*4 1.07t*5 7.04t*6 1.711 5 - 1.21t*5 3.941*4
Cs-134 4.66t*9 1.11t*10 - 3.59fe9 1.19t*9 1.94t*8 9.071,9
Co-136 4.201 7 1.66t*8 - 9.24t*i 1.271 7 1.891 7 1.191 8
Cs-137 6.361*9 8.70t*9 - 2.95t*9 9.811 8 1.6tt*8 5.70t.9
Co-138 - - - - - - -

Ba-139 2.951-2 2.101-5 - 1.96t-5 1.191-5 5.231-2 8.64E-4
Es-140 1.291 8 1.621 5 - 1. 4 9t* 4 9.251 4 2.65t*8 8.431 6go-141 - - - - - - -

E.-142 - - - - - - -

La-140 1.97E*3 9.92I.2 - - - 7.28I.7 2.621 2
La-142 1.40t-4 6.35t-5 - - - 4.64t-1 1.5BE-5
Ce-141 1. 9t t* 5 1.33t+5 - 6.171*4 - 5.0ft*8 1.511 4
Ce-143 1.0cE*3 7.42t*5 - 3.26t*2 - 2 771*7 8.21t*1
Ce-144 3.29t*7 1.38t*7 - 8.161*6 - 1.11t*10 1.77t*6
Pr-143 6.341*4 2.54t*4 1.47t*4 - 2.78t*8 3.14t*3-

Pr-144 - - - - - - -

>d-147 3.341 4 3.86t*4 - 2.251 4 - 1. 8 5t * 8 2.311 3
W-187 3.821 4 3.191 4 - - - 1.051 7 1.121 4
hp-239 1.42t*3 1.401 2 - 4.371 2 - 2.871 7 7.721 1
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H-3 '- 2.59t*3 2.59E*3 2.591 3 2.591 3 2.59t*3 2.591 3
C-14 1.451 6 2.91t*5 2.911 5 2.911 5 2.91E 5 2.911 5 2.91t*5
ha-24 2.451 5 2.45E 5 2.45t*5 2.451 5 2. 4 5t * 5 2.45t.5 2.45t*5
F-32 1.61t*9 9.96t*7 - - - 1.35t*8 6.231 7
Cr-51 - - 3.441 6 1.361 4 8.85t*4 1.04t*7 6.20t*4

M n- 54 - 4.52t*8 - 1.351 8 - 9.27t*8 8.97t*7
Mn-56 - 1.451 1 - 1.831 1 - 9.561 2 2.58t*0
Fe-55 3.25t*8 2.311 8 - - 1.4tt*8 9.98t*7 5.381 7

'

le-59 1.81t*8 4.221 8 - - 1.33t*8 9.98t*8 1.63r*B
Co-57 - 1.79t*7 - - - 3.34t*8 3. Dot *7

i

Co-58 - 4.38t*7 - - - 6.04t*8 1.011 8 |Co-60 - 2.49t*8 - - - 3.24t*9 5.60t*8 '

hi-63 1.611 10 1.13t*9 - - - 1.81t*4 5.45t*8
ha-15 5.731 1 7.321 0 - - - 3.97t*2 3.331 0
Cv-64 - 8.4Ct+3 - 2.121 4 - 6.511 5 3.95t.3
Zn-65 4.241 8 1.471*9 - 9.411 8 - 6.2)t*8 6.86t*8
2n-69 8.19t-6 1.561-5 - 1.02t-5 - 2.881-5 1.09E-6
Br-82 - - - - - - 1.33t*6
br-63 - - - - - - 3.01t*0 -

3r-64 - - - - - - -

Sr-85 - - - - - - -

e70 86 - 2.73t*8 - - - 4.05t*7 1.281 8
63-s8 - - . - - - -

Ab-6v - - - - - - -

Sr-89 1.511 10 - - - - 1.80E*9 4.33t*8

$r-90 7.511 11 - - - - 2.11t*10 1.85t*11
$r-91 2.99t.5 - - - - 1.301 6 1.191 4
St-92 3.971 2 - - - - 1.011 4 1.69t*1
Y-90 1.26t*4 - - - - 1.02t*8 3.341 2
Y-91e 5.431-9 - - - - 2.56t-7 -

i

e Y-91 7.871 6 - - - - 3.231 9 2.111 5
Y-92 6.471-1 - - - - 2.32t.4 2.4 5t-2, ,

l 3-93 1.63t*2 - - - - 4.96t*6 4.47t.0 1

|

I Zr-95 1.7er+6 5.49t*5 - 3.07t*5 - 1.271 9 3.78t*5
|| Ir-97 3.09t*2 6.11t*1 - 9.26t*1 - 1.65t*7 2.811+1

| i

h3-95 1.921 5 1.06t 5 - 1.03r*5 - 4.55t+8 5.86t*4
)hb-97 2.691-6 6.671-7 - 7.801-7 - 1.59t-2 2.44E-7

Ma-99 - 5.74t*6 - 1.311 7 - 1.C3t*7 1.091 6
. Ic-9&e 2.7CI*0 7.541 0 - 1.12t*2 4.191 0 4.95t*3 9.77t*1
| 1, ici . - - - - - -

Fv-103 6.87t*6 - - 2.42t*7 - 5.741 8 2.94t*6 i

|Ev-105 5.001 1 - - 6.311 2 - 4.04t*4 1.96t*1
|Eu-106 3.09t*8 - - 5.97t*8 - 1.481 10 3.90t*7Eh-103m - - - - - - -
1
'th-106 - - - - - - -

)
As-11Cs 1.52t*7 1.441 7 - 2.741 7 - 4.04t*9 8.74t*t i

56-124 1.551 8 2.851 6 3.51t*5 - 1.35t*8 3.11t*9 6.C31 7 {5b-125 2.141 5 2.341 6 2.04t*5 - 1.88t*8 1.66t*9 5. Dc t * 7fe-125e 1.481 8 5.36t*7 4.141 7 - - 4.371 8 1.461*7 1

Te-127e 5.51t*8 1.96t*8 1.311 8 2.24t*9 - 1.371 9 6.StI*7 !

7e-127 5.43t*3 1.921 3 3.74t*3 2.20t*4 - 4.19tes 1.171*3Te-12Se 3.67t*8 1.3t1 8 1.18t*8 1.541 9 - 1.38t*9 5.811 71e-12 9 6.22t-4 2.32t-4 4.45t-4 2.61t-3 - 3.4CE-3 1.511-6Te-131 8.441 5 4.05t*5 6.c91 5 4.22t*6 - 3.251 7 3.3et*5te-131 - - - - - - -

.

Te-132 3. 90t* 6 2.47t*6 2.60t*6 2.37t*7 - 7.821 7 2.321 63-130 3.561 5 1.C21 6 8.351 7 1.58t*6 - 7.871 5 4.091'52-131 7.70t*7 1.081 8 3.14t*10 1.85t*8 - 2.13t*7 5.79t*71-132 5.1PI+1 1.36t*2 4.57t*3 2.14t*2 - 5.9tt*1 6.87I.13-133 1.971*6 3.34I.6 4.6tt*8 5.86t*6 - 2.53t*6 1.C21 6 !
'

1-134 9.591-5 2.541-4 4.24t-3 4.91F 4 - 3.351-6 9.131-51-135 3.66t*4 9.48t*4 6.101 6 1. 5Ct* 5 - 1.05t*5 3.52t*4Cs-134 7.09E*9 1.67t*10 - 5.301 9 2.02t*9 2.08t*8 7.74t*9C.-136 4.291 7 1.691 8 - 9.19te' 1.45t*7 1.3tt*7 1.131*6Cs-137 1.011 10 1.351 10 - 4.59t*9 1.78t*9 1.92t*8 4.69t*9
|

c,-138 - - - - - - -

ke-139 2.771-2 1.951-5 - 1.841-5 1.341-5 2.471-1 8.08t-4l Es-160 1.381 8 1.691 5 - 5.751 4 1.14t*5 2.131 8 8.911 61.-141 - - - . - - -

5.-162 - - - - - - -

14-160 1.8:1 3 8.84t*2 - - - 5. 0E L* 7 2.35t*2i La-142 1.281-4 5.691-5 - - - 1.731 0 1.42E-5| Ce-161 2.621 5 1.811 5 - 8.861 4 - 5.381 8 2.16t*4'

Ce-143 9.37t*2 6.82t*5 - 3.0LI.2 - 2.05t.7 7.621 1Ce-164 5.27t*7 2.18t*7 - 1.30t*7 - 1.33t*10 2.83I 6
| Pr-143 7.12t*4 2.84t*4 - 1.65t*4 - 2.34t*8 3.55t*3-

Pr-144 - - - - - - -
i ha-147 3.131 4 3.94t.4 - 2.321 4 - 1.421 8 2.361 3| b-187 3.551 4 2. 90 t * 4 - - - 7.841 6 1.c21**'

hp-239 1.381 3 1.32I.2 - 4.09t*2 - 2.10t*7 7.24t*1

|
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| m-3 - 4.01t*3 4.01t*3 4.01t*3 4.01t*3 4.011 3 4.011 3
C-14 3.50E*6 7.01t*5 7.011 5 7.011 5 7.01t.5 7.011 5 7.01t*5
ha-24 3.831 5 3.83t*5 3.83r*5 3.83I.5 3.83t*5 3.83r*5 3.83t*5
P-32 3.371 9 1.581 8 - - - 9.3DE.7 1.301 8
Cr-51 - - 6.54t*4 1.79t 4 1.19t* 5 6.251 6 1.181 5

Mn-54 - 6.611 8 - 1.851.s - 5.55t*8 1.76t*8
| Mn-56 - 1. 9CE 1 - 2.29t*1 - 2.75t*3 4.28t*0

'fe-55 8. DcE* 8 4.241 8 - - 2.40t*8 7.86t*7 1.31t*8
te-59 4.01t*8 6.491 8 - - 1.881 8 6.76t*8 3.23I.8
Co-57 2.991 7 - - - 2.451*8 6.04t*7-

Co-58 - 6.47t*7 - - - 3.77t*B 1.981*8
Co-60 - 3.781 8 - - - 2.10t*9 1.12t*9
ha-63 3.951 10 2.111 9 - - - 1.421*8 1.34t*9
hs-65 1.051*2 9,891 0 - - - 1.21t*3 5.77t*C
Cu-64 - 1.11t*4 - 2.68t*4 - 5.20E*$ 6.69t.3

2 n-6 5 8.121 8 2.16t*9 - 1.36t*9 - 3.8DI+8 1.35t*9
in-69 1.51I-5 2.181-5 - 1.321-5 - 1.38t-3 2.021-6
fr-82 - - - - - - 2.04t*6
ar-83 - - - - - - 5.55t*0 -

Br-84 - - - - - - -

Sr-85 - - - - - - -
,

Eb-86 - 4.52t*8 - - - 2.91t*7 2.78t*8
R>-88 - - - - - - -

ib-89 - - - - - - -

Sr-89 3.591 10 - - - - 1.39t*9 1.C3t*9
|

| S r - 90 1.24t*12 - - - - 1.671 10 3.15E 11
l Sr-91 5.5CI+5 - - - - 1.211 6 2.051 4

Sr-92 7.281+2 - - - - 1.38t*4 2.92t*1
1-90 2.30t*4 - - - - 6.56t*7 6.171+2
Y-91e 9.941-9 - - - - 1.951-5 -

T-91 1.871 7 - - - - 2.491 9 5.011 5
T-92 1.561 0 - - - - 4.511 4 4.46t-2
T-93 3.011 2 - - - - 4.48t*6 8.25t.0
2r-95 3.90t*6 8.58te$ - 1.23t 6 - 8.951 8 7.64t*5

| 2r-97 5.641 2 8.151 1 - 1.17t*2 - 1.231 7 4.811 1
I

bb-95 4.10t* 5 1.591 5 - 1.501 5 - 2.95t*8 1.14t*5
bb-97 4.90E-6 8.85I-7 - 9.82E-7 2.73t-1 4.13E-7-

Mo-99 - 7.831 6 - 1.67t*7 - 6.481*6 1.94t*6
Tc-99a 4.651*0 9.12t.0 - 1.33t*2 4.63t*0 5.19t*3 1.51t+2
*c-ict - - - - - - -

Ru-103 1.55t*7 - - 3.89E.7 - 3.99t.8 5.561 6
Pu-105 9.17t+1 - - 8.06t*2 - 5.96t*4 3.331 1
Fu-106 7.45t*8 - - 1.01t*9 - 1.16t*10 9.3ct*7
FF-103e - - - - - - -

Ah-106 - - - - - - -

As-11Ce 3.221 7 2.17t*7 - 4.05t*7 - 2.58t*9 1.74te7
5b-124 3.521 8 4.571*6 7.7st*5 - 1.96t.8 2.201 9 1.231 8
50-125 4.99t*8 3.851 6 4.641 5 - 2.761*3 1.19t*9 1.05t*8
Te-125e 3.511 8 9.5cI+7 9.84t*7 - - 3.3Et*8 4.47t*7
Te-127a 1.321 9 3.561 8 3.161 8 3.77E.9 - 1.07tet 1.571 8

Te-127 1.00t*4 2.70t+3 6.931 3 2.851 4 - 3.911 5 2.151*3
i Te-129a 8.54t*8 2.391 8 2.75t*8 2.511 9 - 1.04t*9 1. 3 M * *
' Te-129 1.151-3 3.22E-6 8.22t-4 3.371-3 - 7.17t-2 2.741-4

Te-13te 1.54t*6 5.33t*5 1.101 6 5.16t*6 - 2.161 7 5.tth*5
Te-131 - - - - - - -

|
Te-132 6.98E.6 3.09t*6 4.501 6 2.87t*7 - 3.111 7 3.731*6

r I-130 6.211 5 1.26t*6 1.38t*8 1.861 6 - 5.871 5 6.471 5
' 3-131 1.43t*8 1.44t*8 4.76t*10 2.36t*8 - 1.28t*7 8.16t*7

1-132 9.20t*1 1.69t*2 7.84t*3 2.59t*2 - 1.99t*2 7.77t*1
1-133 3.59t*6 4.44t*6 8.251 8 7.4c1 6 - 1.79t*6 1.6BI+6

I-134 1.7CE-4 3.16t-4 7.28t-3 4.84E-6 - 2.1CI-4 1.46I-4
1-135 6.54t*4 1.18t*5 1.041 7 1.811 5 - 8.98t*4 5.571 4
Ca-134 1.60t*1D 2.63T 10 - 8.14t*9 2. 92t* 9 1.42t*8 5.54t*9
Cs-136 8.06I 7 2.22I.8 - 1.18t*8 1.76t*7 7.79t*6 1.43t*8
Cs-137 2.39t.10 2.29t.10 - 7.461 9 2.68t*9 1.43t*8 3.36t*9

Ca-138 - - - - - - -

Sa-139 5.111-2 2.73E-5 - 2.38t-5 1.61t-5 2.951 0 1.48t-3
8e-140 2.77t*8 2.43t*5 - 7.9CE 4 1.45t*5 1.40I.8 1.621 7
Sa-141 - - - - - - -

Sa-142 - - - - - - -

La-140 3.23t*3 1.131 3 - - - 3.151 7 3.811 2
La-142 2.32E-4 7.4CE-5 - - - 1.471 1 2.32r-5
Ce-141 1.23t*5 6.14t*4 - 2. 6 9E** - 7.661 7 9.12t*3
Ce-143 1.731 3 9.341 5 - 3.93t*2 - 1.37t*7 1.16t*2
Ce-144 1.271 8 3.98t*1 - 2.211 7 - 1.04t*10 6.78t*6

Pr-143 1.48t*5 4.46t*4 - 2.41t*4 - 1. 60t* 8 7.371 3
Pr-144 - - - - - - -

be-147 7.161 4 5.80t** - 3.18t*4 - 9.181 7 4.49t.3
b-187 6.476 4 3.831 4 - - - 5.38t*6 1.72t*4
hr-239 2.551 3 1.831 2 - 5.3CE*2 - 1.3tt*7 1.29t*2
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N-3 -

C-14 -

ks-24 1.21E 7
9-32 -

Cr-51 4.68t*6

Mn-56 1.34t*9
Mn-56 9.05t*5
Fe-55 -

Fe-59 2.75t*8
Co-58 3.82I+8

Co-60 2.161 10
ki-63 -

hi-65 2.97E*5
Cu-64 6.09t*5
2n-6 5 7.45E*8

~

2n-69 -

Br-83 4.89E*3 .

Br-84 2.03t 5
Br-65 -

Eb- 66 8.98t*6 ,

R b-6 B 3.29E*4
Re-69 1.211 5
Sr-89 2.16I+4
Sr-90 -

Sr-91 2.19E*6

Sr-92 7.771 5
Y-90 4.46t*3
Y-91m 1.01E*5
Y-91 1.06E 6
T-92 1.6CE*5

Y-93 1.85f*5
Zr-95 2.&61*8
2r-91 2.94t*6
bb-95 1.36t*8
Mp-99 4.051 6

Tc-99a 1.83t*5
Tc-101 2.041 6
ha-103 1.05f*8
ku-105 6.36t*5
Bu-106 4.21E*8
Fh-1Cla -

Fh-106 -

A4-110m 3.671 9
Te-125s 1.55t*6
Te-127s 9.17t*4

Te-127 3.00t*3
Te-129s 2.00E*7
Te-129 2.60E*e
7e-131e 8.031 6
Te-131 2.931*4

Te-132 4.221 6
3-130 5.53t*6
3-131 1.721 7
3-132 1.2&I+6
3-133 2.47E*6

3-134 4.491 5
3-135 2.561 6
C.-134 6.751 9
Cs-136 1.49f*8
Cs-137 1.04E*10

Cs-138 3.59E*5
Ea-139 1.061 5

, ta-160 2.c5E*7
| Ea-141 4.18t*4

Es-142 4.491 4

La-140 1.91I+7
La-142 7.361*5
Ce-141 1.361 7
Ce-143 2.32I.6
Ce-144 6.95E 7

Pr-143 -

I't-144 1.F3I*3
I bd-147 8.401 6
i b-117 2.361 6

h -239 1.711 6t

I
L _
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FIGURE 7.0-1
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NOTER The HEPA and charcoal filters identified on the Standby Gas Treatment System (SGT5) are part of the
engineered safety feature and are not considered Ventilation Enhaust Treatment Systems (VETS). No effluent
reduction was r.redited in the UFSAR 10CFR50 Appendia I evaluation for the HEPA filter insta11ed in the L

padwaste ventilation, Fermt 2 conforms with 10CFR50 Appendte I without VETS installed.
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SPECIAL DOSE ANALYSIS

8.0 SPECIAL DOSE ANALYSES

8.1 Doses Due to Activities inside the SITE BOUNDARY

in accordance with ODCfA 5.9.1.8, the Semiannual Radioactive Effluent Release Report
submitted within 60 days after January 1 of each year shall include an assessment of j
radiation doses from radioactive liquid and gaseous effluents to MEMBERS OF THE

iPUBLIC due to their activities inside the SITE BOUNDARY. >

!

Two locations within the Fermi 2 SITE BOUNDARY are accessible to MEMBERS OF THE I
PUBLIC for activities unrelated to Detroit Edison operational and support activities.
One is the over-water portion of the SITE BOUNDARY due east of the plant. Ice
fishermen sometimes fish here during the winter. The other is the Fermi 2 ,

Visitor's Center, outside the protected area (but inside the Owner Controlled Area). !
approximately 470 meters SSW of the Reactor Building. The Visitor's Center is open j
to the public and is routinely visited by MEMBERS OF THE PUBLIC, including school
tour groups on a frequency of once per year.

Conservative assumptions of locations, exposure times and exposure pathways for {assessing doses due to activities inside the SITE BOUNDARY are presented in e

Table 8.0-1. The calculational methods presentcd in ODCM Sections 7.6 and 7.7 may {be used for determining the maximum potential dose to a MEMBER OF THE PUBLIC
|

based on the above assumptions.
|

The potential dose from the fish pathway to a MEMBER OF THE PUBLIC engaged in
ice fishing within the SITE BOUNDARY is accounted for by the modeling presented in {
ODCM Section 6.5. Therefore, no additional special dose analyses are required for i
this exposure pathway for reporting in the Semiannual Radioactive Effluent Release |Report.

I

8.2 Doses to MEMBERS OF THE PUBLIC - 40 CFR 190 j

The Semiannual Radioactive Effluent Release Report shall also include an assessment
of the radiation dose to the likely most exposed MEMBER OF THE PUBLIC for reactor
releases and other nearby uranium fuel cycle sources (including dose contributions
from effluents and direct radiation from onsite sources). For the likely most exposed
MEMBER OF THE PUBLIC in the vicinity of the Fermi 2 site, the sources of exposure
need consider only the radioactive effluents and direct exposure contribution from
Fermi 2. No other fuel cycle facilities contribute significantly to the cumulative dose
to a MEMBER OF THE PUBLIC in the immediate vicinity of the site. Davis-Besse is the
closest fuel cycle facility located about 20 miles to the SSE. Due to environmental
dispersion, any routine releases from Davis-Besse would contribute insignificantly to
the potential doses in the vicinity of Fermi 2.

ARMS - INFORMATION SERVICES
Date approved: ~7-304 L Release authorized byS /b k. I h8cm_

_!

Change numbers incorporated: LCR 91-104-ODM

DSN 0$t"E-R . O Rev 4 DatekuM6 7Y /99b
| DTC TMPLAN File 1715 02 Recipient W/>
|
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As appropriate for demonstrating / evaluating compliance with the limits of ODCM
3.11.4 (40 CFR 190), the results of the environmental monitoring program may be
used to provide data on actual measured levels of radioactive material in the actual

pathways of exposure.

8.2.1 Effluent Dose Calculations

For purposes of implementing the surveillance requirements of ODCM 3.11.4
and the reporting requirements of ODCM 5.9.1.8, dose calculations for
Fermi 2 may be performed using the calculational methods contained within
this ODCM; the conservative controlling pathways and locations of
Table 7.0-3 or the actual pathways and locations as identified by the land
use census (ODCM 3.12.2 and ODCM 9.0) may be used. Liquid pathway
doses may be calculated using Equation (6-10). Doses due to releases of
radioiodines, tritium and particulates are calculated based on
Equation (7-14).

The following equations may be used for calculating the doses to MEMBERS
OF THE PUBLIC from releases of noble gases:

[(K * O )Dtb = 3.17 E - 08 * X/O * i
(8-1)

and

[([L + 1.1 M ] * Oj)Ds = 3.17 E - 08 * X/O * i i
(8-2)

where:

Dtb total body dose due to gamma emissions for noble gas=

radionuclides (mrem) ,

Ds skin dose due to gamma and beta emissions for noble'

gas radionuclides (mrad)

3X/O atmospheric dispersion to the offsite location (sec/m )=

0, = cumulative release of noble gas radionuclide i over the
period of interest (uCi)

= C x VF x 1.67E + 01i

Ci concentration of radionuclide i as determined by gamma=

spectral analysis of media (uCi/ml)

VF average ventilation flow for release point (liters / min)=

1.67E + 01 (1E + 03 ml/ liter) * (1 min /60 sec)
- =

Ki
total body dose factor due to gamma emissig)ns from

=

noble gas radionuclide i (mrem /yr per uCi/m (from
Table 7.0-2)

Li skin dose factor due to beta emissions from noble gas=

dradionuclide i (mrem /yr per uCi/rn ) (from Table 7.0-2)
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|
,

M, gamma air dose f aqtor for noble gas radionuclide i
|

=

d(mrad /yr per uCi/m ) (from Table 7.0-2) "

1.1 mrem skin dose per mrad gamma air dose (mrem / mrad) |
=

3.17 E - 08 1/3.15 E + 07 yr/sec=

Average annual meterological dispersion parameters or meterological
conditions concurrent with the release period under evaluation may be used
(e 9., quarterly averages or year-specific annual averages). |

8 2.2 Direct Exposure Dose Determination

From evaluations performed in the Fermi 2 Environmental Report,
Section 5.3A the direct exposure to the highest offsite location from the
Turbine Building N-15 skyshine dose has been calculated to be
approximately 3 mrem / year. This value may be used as a baseline for
actual direct exposure contributions during plant operations. Other
potentially significant direct exposure contributions to offsite individual
doses may be evaluated based on the results of the environmental

measurements (e.g TLD, ion chamber measurements) or by the use of a
radiation transport and shielding calculational method. Only during atypical
conditions will there exist any potential for significant onsite sources at

,

Fermi 2 that would yield potentially significant offsite doses to a f4 EMBER |
OF THE PUBLIC. However, should a situation exist whereby the direct |

exposure contribution is potentially significant, onsite measurements, offsite |
measurements and calculational techniques will be used for determination '

of dose for assessing 40 CFR 190 compliance. The calculational techniques
will be identified, reviewed, and approved at that time.

8.2.3 Dose Assessment Based on Radiological Environmentel Monitoring Data

Normally, the assessment of potential doses to MEMBERS OF THE PUBLIC
| must be calculated based on the measured radioactive effluents at the
| plant. The resultant levels of radioactive material in the offsite environment

are so minute as to be undetectable. The calculational methods as
presented in this GDCM are used for modeling the transport in the
environment and the resultant exposure to off site individuals.

The results of the radiological environmental monitoring program can
!

provide input into the overall assessment of impact of plant operations and
!radioactive effluents. With measured levels of plant related radioactive j

material in principal pathways of exposure, a quantitative assessment of
|potential exposures can be performed. With the monitoring program not

identifying any measurable levels, the data provides a qualitative
assessment - a confirmatory demonstration of the negligible impact.

Dose modelinD can be simplified into three basic parameters that can be
applied in using environmental monitoring cata for dose assessment:

D = C * U * DF
(B-3)

i
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!

, where:
! !

! D dose or dose commitment *=

C concentration in the exposure media, such as air=

concentration for the inhalation pathway, or fish,
. vegetation or milk concentration for the ingestion |
| pathway

individual exposure to the pathway, such as br/yr for [U =

| direct exposure, kg/yr for ingestion pathway
|

( DF dose conversion factor to convert from an exposure or=

uptake to an individual dose or dose commitment

*The applicability of each of these basic modeling parameters to the use of
environmental monitoring data for dose assessment is addressed below: '

|
| Concentration - C
|

,

The main value of using environmental sampling data to assess potential |
doses to individuals is that the data represents actual measured levels of i

| radioactive material in the exposure pathways. This eliminates one main
uncertainty and the modeling has been removed - the release from the
plant and the transport to the environmental exposure medium.

Environmental samples are collected on a routine frequency per the ODCIA. |
To determine the annual average concentration in the environmental i

, medium for use in assessing cumulative dose for the year, an average !

! concentration should be determined based on the sampling frequency and |
measured levels:

% = [(C * t)/365i

(8-4)

where:

% average concentration in the sampling medium for the=

| Vear
1

'

Ci concentration of each radionuclide i measured in the=

individual sampling medium

t period of time that the measured concentration is=
,

'

considered representative of the sampling medium
(typically equal to the sampling frequency, e.g.,7 days
for weekly samples,30 days for monthly samples).

If the concentration in the sampling medium is below the detection
capabilities (i e., less than Lower Limits of Detection (LLD), a value of zero
should be used for C (C = 0).i i

1
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!
Exposure - U

|

Default Exposure Values (U) as recommended in Regulatory Guide 1.109 are j

| presented in Table 8.0-2. These values should be used only when specific '

data applicable to the environmental pathway being evaluated is unavailable.
I

i

Also, the routine radiological environmental monitoring program is designed
to sample / monitor the environmental media that would provide early

,

indications of any measurable levels in the environment but not necessarily |
levels to which any individual is exposed. For example, sediment samples
are collected in the area of the liquid discharge: typically, no individuals
are directly exposed. To apply the measured levels of radioactivity in
samples that are not directly applicable to exposure to real individuals, the ,

approach recommended is to correlate the location and measured levels to '

actual locations of exposure.

I

Hydrological or atmospheric dilution factors can be used to provide |
reasonable correlations of concentrations (and doses) at other locations. |
The other alternative is to conservatively assume a hypothetical individual |
at the sampling location. Doses that are calculated in this manner should j
be presented as hypothetical and very conservatively determined - actual i

exposure would be much less. Samples collected from the Monroe water
supply intake should be used for estimating the potential drinking water
doses. Other water samples collected, such as near field dilution area, are
not applicable to this pathway.

,
Dose Factors - DF

l

The dose f actors are used to convert the intake of the radioactive material
to an individual dose commitment. Values of the dose factors are

'

presented in NRC Regulatory Guide 1.109. The use of the RG 1.109 values
applicable to the exposure pathway and maximum exposed individual is

'

referenced in Table 8.0-2.

Assessment of Direct Exposure Doses

Thermoluminescent Dosimeters (TLD) are routinely used to assess the direct
exposure component of radiation doses in the environment. However,

J

because routine releases of radioactive material (noble gases) are so low, j

the resultant direct exposure doses are also very low. A study * performed |

for the NRC concluded that it was generally impractical to distinguish any
plant contribution to the natural background radiation levels (direct
exposure) below around 10 mrem per year. Therefore, for routine releases
from nuclear power plants the use of TLD is mainly confirmatory - ensuring
actual exposures are within the expected natural background variation.

* NUREG/CR-0711, Evaluation of Methods for the Determination of X- and Gamma-Ray
i Exposure Attributable to a Nuclear Facility Using Environmertal TLD Measurements, Gail
| dePlanque, June 1979, USNRC.
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For releases of noble gases, environmental modeling using plant measured
releases and atmospheric transport models as presented in ODCM
Sections 7.6 and 8 2.1 represents the best method of assessing potential
environmental doses. However, any observed variations in 1

TLD measurements outside the norm should be evaluated.
,

1

I

END OF SECTION 8.0 |
|
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| |TABLE 8.0-1 '

i

Assumptions for Assessing Doses Due to
Activities inside SITE BOUNDARY

Ice Fishing Visitor's Center

Distance / Direction: 470 meters / E 470 meters / SSW !

Estimated Exposure 240 hr/yr 4 hr/yr
Time: (20 hr/ week over (4 hr/ visit,1 visit

3 month period) per year)

|
Exposure Pathways: direct exposure direct exposure !

(noble gases) (noble gases)

inhalation inhalation
(H-3,1-131. -133, (H-3,1-131. -133
particulates) particulates)

fAeteorological annual average annual average !

Dispersion: (as determined for (as determined for i

year being evaluated) year being evaluated)

3 36 48E-6 sec/m ^ 2.54E-6 sec/m .
;

|
i

|

* Annual average values for 1991
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i
TABLE 8.0-2 i

:

Recommended Exposure Rates in Lieu of
Site Specific Data *

i

Table Reference
Exposure Pathway Maximum Exposed Exposure Rates for Dose Factor

Age Group from RG 1.109 |
ILiquid Releases
.

1
Fish Adult 21 kg/y E-11 |Drinking Water Adult 7301/y E-11 {
Bottom Sediment Teen 67 h/y E-6 '

)
Atmospheric Releases

j
2inhalation Teen 8,000 m /y E-8

Direct Exposure All 6.100 h/y** N/A :

|_eafy Vegetables Child 26 kg/y E-13 !Fruits, Vegetables Teen 630 kg/y E-12 !
and Grain

i

Milk Infant 3301/y E-14
.

l.
,

* Adapted from Regulatory Guide 1.109, Table E-5

| Net exposure of 6,100 h/y is based on the total 8760 hours per year adjusted by a 0.7**

shielding factor as recommended in Regulatory Guide 1.109.

END

|

|- |

|

|
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ASSESSFAENT OF LAND USE CENSUS DATA

9.0 ASSESStAENT OF LAND USE CENSUS DATA

A Land Use Census (LUC) is conducted annually in the vicinity of the Fermi 2 site. This
census fulfills two main purposes: 1) FAeet requirements of ODCfA 3.12.2 for identifying
controlling location / pathway for dose assessment of ODCFA 3.11.2.3; and 2) provide data on

j actual exposure pathways for assessing realistic doses to fAEfABERS OF THE PUBLIC.

| 9.1 Land Use Census as Required by ODCM 3.12.2

As required by ODCfA 3.12.2, a land use census shall be conducted during the
| growing season at least once per twelve months. The purpose of the census is to

identify within a 5 mile distance the location in each of the 16 meterological sectors
of all pilk producing animals, all meat producing animals, all gardens larger than

| 500 ft producmg broadleaf vegetation, and the closest residence to the plant. The
data from the LUC is used for updating the location / pathway for dose assessment
and for updatmg the Radiological Environmental TAonitoring Program.

i

! If the census identifies a location / pathway (s) yielding a higher potential dose to a

'

fAEfABER OF THE PUBLIC than currently being assessed as required by ODCfA 3.11.2.3i

(and ODCfA Section 7.7 and Table 7.0-3), this new location pathway (s) shall be used
for dose assessment. Table 7.0-3 shall be updated to include the currently identified
controlling location / pathway (s). Also, if the census identifies a location (s) that yields
a calculated potential dose (via the same exposure pathway) 20% greater than a
location currently included in the Radiological Environmental FAonitoring Program, the
new location (s) shall be added to the program within 30 days. The sampling
location (s), excluding control locations, having the lowest calculated dose may be
deleted from the program after October 31 following the current census. As required
by ODCfA 3.12.2 and 5.9.1.8, the new location / pathway (s) shall be identified in the next
Semiannual Radiation Effluent Release Report. The following guideline shall be used
for assessing the results from the land use census to ensure compliance with
ODCfA 3.12.2.

9.1.1 Data Compilation

1. Compile all locations and pathways of exposure as identified by the
land use census.

| 2. From this compiled data, identify any changes from the previous year's
census. Identify the current controlling location / pathway (critical
receptor) used in ODCf4 Table 7.0-3. Also, identify any location
currently included in the REfAP (Table 10-1).
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3. Determine the historical, annual average meterological dispersion
parameters (X/O, D/0) for any location to be evaluated for dose
significance. All ic, cations should be evaluated against the same
historical meterological data set.

9.1.2 Relative Dose Significance

For locations which may receive a higher dose than the current critical :

receptor, calculate the relative dose significance by applicable pathways of
exposure.

1. Relative dose calculations should be based on the actual Fermi 2
gaseous effluent releases for the most recent six month period of
reactor operation.

(

| 2. The pathway dose equations of the ODCM should be used.
4

9.1.3 Data Evaluation
|

| 1. Formulate a listing of locations of high dose significance in
| descending order of relative dose significance. Include the relative

dose significance in the listing.

2. If any location / pathway (s) is identified with a higher relative dose than
the current critical receptor in ODCfA Table 7.0-3, this
location / pathway (s) should replace the previously identified controlling
location / pathway in Table 7.0-3. If the previously identified controlling
pathway is no longer present, the current controlling location / pathway
should be determined. In identifying the critical receptor for Table
7.0-3, all age groups and all pathways that may be present at each
evaluated location are considered The critical receptor is assumed to
be a member of the age group with the highest calculated dose to the
maximally exposed organ due to lodines, tritium and partico*3tes.
Other receptors may have higher doses to other organs than the
critical receptor has.

3. The l_and Use Census data should be used to revise the REMP and
Section 10.0 of the ODCM in accordance with ODCM 3.12.2
Action item b.

4. Any changes in either the controlling location / pathway (s) (critical
receptor) for the ODCM dose calculations (Section 7.7 and Table 7.0-3)
or the REMP (ODCM Section 10.0 and Table 10-1) shall be reported to
NRC in accordance with ODCM 3.12.2, Action items a. and b. and
ODCM 5.9.1.8.

NOTE: As permitted by footnote to ODCM 3.12.2, broadleaf
vegetation sampling may be performed at the
SITE BOUNDARY in two locations, in different sectors with
highest predicted D/Os, in lieu of the garden census. Also,
for conservatism in dose assessment for compliance with
ODCM 3.11.2.3 (see also ODCM Section 7.7 and Table 7.0-3),
hypothetical exposure location / pathway (s) and conservative
dispersion factors may be assumed (e 9., milk cow at 5 mile
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location or garden at SITE BOUNDARY in highest D/O sector).
By this approach, the ODCM is not subject to frequent
revision as pathways and locations change from year to year.
A verification that the hypothetical pathway remains
conservative and valid is still required. Also, for NRC
reporting, the actual pathways and doses should be reported
along with the hypothetical. The reporting of the actual
pathway and doses provides a formal documentation of the
more realistic dose impact.

9.2 Land Use Census to Support Realistic Dose Assessment

The LUC provides data needed to support the special dose analyses of the ODCM
Section 8.0. Activities inside the SITE BOUNDARY should be periodically reviewed for |
dose assessment as required by ODCM 5.9.1.8 (see also ODCM Section 8.1). !
Assessment of realistic doses to MEMBERS OF THE PUBLIC is required by |
ODCM 3.11.4 for demonstrating compliance with the EPA Environmental Dose |
Standard,40 CFR 190 (ODCM Section 8.2).

To support these dose assessments, the LUC shall include use of Lake Erie water on
and near the site. The LUC shall include data on Lake Erie use obtained from local
and state officials. Reasonable efforts shall be made to identify individual irrigation |

and potable water users, and industrial and commercial water users whose source is j
Lake Erie. This data is used to verify the pathways of exposure used in ODCM j

Section 6.5.

END OF SECTION 9.0

|

|

1

|
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|

|
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RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

10 0 RADIDLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The Radiological Environmental Monitoring Program (REMP) is conducted in accordance with
the requirements of ODCM 3.12.1. The sampling and analysis program described herein was
developed to provide representative measurements of radiation and radioactive materials
resulting from station operation in the principal pathways of exposure of MEMBERS OF THE
PUBLIC. This monitoring program implements Section IV.B.2 of Appendix 1 to 10 CFR Part 50
and thereby supplements the radiological effluent control program by verifying that the
measurable concentrations of radioactive materials and levels of radiation are not higher

Ithan expected on the basis of the effluent measurements and the modeling of the
|environmental exposure pathways. Guidance for the development of this monitoring

program is provided by the NRC Radiological Assessment Branch Technical Position on
Environmental Monitoring. Revision 1, November 1979.

10.1 Sampling Locations

Sampling locations as required by ODCM 3.12.1 are described in Table 10 0-1 and
shown on the maps in Figures 10.0-1,10 0-2,10.0-3, and 10 0-4. Fermi 1 sampling
locations are described in Table 10.0-2 and shown on the map in Figure 10.0-5.

NOTE: For purposes of implementing ODCM 3.12.2 sampling locations will be
modified as required to reflect the findings of the annual land use census
as described in ODCM Section 9.1 and as required by other contingencies

| (e g unavailabihty of milk from a listed location). Such changes will be
(- documented in plant records and reflected in the next ODCM revision, the

next Semiannual Effluent Release Report, and the next Annual Radiological
Environmental Operatmg Repcrt. Also, if the circumstan::es of such
changes involve a possible change in the maximally exposed individual ;

evaluated for ODCM Control 3.112.3, the identity of this individual will be
reevaluated.

10.2 Reporting Levels

| ODCM 3121, Action b. descnbes criteria for a Special Report to the NRC if levels of
| plant-related radioactive material, when averaged over a talendar quarter, exceed the
| prestiibed levels of ODCM Table 3121-2. ihe reporting levels are based on the
!

design objective doses of 10 CFR bb, Appendix I (i e., the annual limits of
ODCM 3.11 1.2. 3.11.2.2 and 3.11.2 3) in other words, levels of radioactive material in
the respective sampling medium equal to tne prescrsbed reporting levels are
representative of potential annual doses of 3 mrem, total . body or 10 mrem. maximum
organ from liquid pathways; or 5 mrem. total body, or 15 mrem, maximum organ for
the gaseous effluent pathway. These potential doses are modeled on the maximum
individual exposure or consumption rates of NRC Regulatory Guide 1.109.
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The evaluation of potential doses should be basad solely on radioactive material
resulting from plant operation. As stated in ODCfA 3.121, Action b, the report shall
also be submitted if radionuclides other than those in ODCfA Table 3.12.1-2 are
detected (and are a result of plant effluents) and the potential dose exceeds the
above annual design objectives. The method described in ODCfA Section 8.2.3 mayi

! be used for assessing the potential dose and required reporting for radionuclides
other than those in ODCfA Table 3.12.1-2.

10.3 Interlaboratory Comparison Program

A major objective of this program is to assist laboratories involved in environmental
radiation measurements to develop and maintain both an intrataboratory and an
interlaboratory quahty control program. This is accomplished through an extensive

| laboratory intercomparison study (~ cross-check") program involving environmental
media (milk, water, air, food, soil, and gases) and a variety of radionuclides with
activities at or near environmental levers.

| Simulated environmental samples, containing known amounts of one or more
radionuclides. are prepared and routinely distributed to all laboratories upon request.

! These laboratories perform the required analyses and return their data to the Quality
I Assurance Branch of the Environmental Protection Agency (EPA). The EPA performs

statistical analysis and comparison with known values and analytical values obtained
from other participating laboratories. A report and control chart are returned to each
participa nt. The program thus enables each laboratory to document the precision and
accuracy of its radiation data, identify instrument and procedural problems, and i

i compare its performance with that of other laboratories.

The environmental laboratory is required to participate in a Commission-approved
Interlaboratory Comparison Program and to submit GA Program Progress Summary
Reports to Detroit Edison on a bimonthly or quarterly basis. These reports contain
summary descriptions and performance data summaries on reference standards,
blank, blind, spiked, and duplicate analyses, as well as the USEPA and other
Laboratory Intercommission Programs, as applicable. A summary of the
Interlaboratory Comparison Program results obtained is required to be included in the
Annual Radiological Environmental Operating Report pursuant to ODCfA 5.9.1.7.

Participation in an approved Interlaboratory Comparison Program ensures that an
independent check on the precision and accuracy of the measurements of radioactive
material in environmental sample matrices is performed as part of the QA Program
for environmental monitoring in order to demonstrate that the results are valid for
the purpose of Section IV.B.2 of Appendix i to 10 CFR Part 50.

END OF SECTION 10.0

!
|
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TABLE 10.0-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
FERMI 2 SAMPLE LOCATIONS AND ASSOCIATED MEDIA |

KEY

1- T TLD Locations (Pg.10.0-4 to 10.0-6)

| 2- S Sediments Locations (Pg.10.0-7)

3- F Fish Locations (Pg.10.0-7)

4- M Milk Locations (Pg.10.0-8)

5- DW Drinking Water Locations (Pg.10.0-9)

6- SW Surface Water Locations (Pg.10.0-9)
|

7- GW Ground Water Locations (Pg.10.0-9)

8- API Air Particulate / lodine Locations (Pg.10.0-10)

9- FP Food Products Locations (Pg.10.0-11)

I

,
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TAnLE 10.0-1

Rndioloolcal Environmental Monitoring Program. Fermi ? Sample Locntions and A ssoc in t ett Medin

Dirett 84ad i n t i on

Meteorologlon1
Station Sector /Arimuth Distance from
Numt te r til r oc t t on Reactor (Appeon) Destrlotton Media Frequency

O71 NE/3P 1.3 mi Estesi Beach Po!p on Lakeshore. Direct Radiation C
23 Coles % o' Lakeview (5pecial Areal

0T2 NNE/22 1.2 mi East o' termination of Branchenu St on post Direct Radiatier. Q
(5ppeint Arcal

T? N/OU 1.1 mi Pole. NW Corner of Swan Boat Club Fence Direct Dadiation Q
(Supc4a1 Arpa)

,

1d NNW/337 C.6 mi Site R ouncta r y a nr1 Toll Dd. on Site Fence by Direct Radiation O
API #2

T5 Nw/313" O . E- mi Site Bounda-v and Toli p et , nn Site Fence by Direct Radiation 0
API #3

T( WNW/293o 0,0 mi Pote. NE Corner of Br irfoe over Toll Rd Direct Radiation C

T* W/270" 14.2 mi Pole. behind Doty Farm. 7512 N Contar Rd Direct Radiation C
(Control)

UTP NW/30$ 1.9 mt Pola nn Post kd near NE Corner of Dizip H=> Direct Radiation C
and Po%t Ed

0TP NNW/334 1.5 mi Pole. NW Corner o' rombley and Swan View Dd Direct Radiation Q

UT1C N/F 2.1 Fi Pote. 5 51dp o' Massarant - 2 Pole 9 h Direct Radiation C
n' (>4pasar ro

T1' NNE/230 g,7 y; p r. : r Nr Crrner of Milliman and Jefferson Direct Radiatton Q

0112 NNE/29 0.? mi rointo enuitive Game A*ea - rield 08fier. Onle Dieect Rad? . ton C
near Tree. N Aren o' Parking Lot

T1? N/35po 4.1 mi Labo and Di=49 H=y * Pole on SW C o r rm - Direct Radiatinn C
with Light

T14 NNW/337" 4.4 mi Labo and B r a nr+on - role on SE Corner nea- Rt Direct Radistine G

??5 Nw/315" 3.9 mi Pole, behind Np=enet Post Office Direct Radiation C

-__ ._ _ . - _ - - _ . _ _ - - _ . - _ _ _ - - _ _ _ _ _ _ _ _ _ - - _ _ - _ _ _ _ _ . _ _ ._. - - ... - - .. - - _ -
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i At1LE 10.0-1

Radiological Environmental Monitoring Program, formi 2 Sample l oc at ions anti Associated Media

Di r ec t Radiation

Metcorological
Station $cctor/Arimuth Distance from
Niembe r Dir ac t ion Henctor (Approm) Deseriptlon Madla Frequency

,

1

!

i t( WNW/283" 4.9 mi Pole. %E o' Wa* and Post Rds Direct Radiation Q

TT' W/2710 4.9 mi Pole. NE Co-ope o' Narteau and Lapead naa' Direct Radiation O
Mobila nnao Farb

T19 W5W/247" 4.8 mi Poie. Nf 0. o "''p r of Ypotpi a nf* Hip r t4 Dirptj Radtatipn Q

T10 5W/236" 5.2 mi 1st Pole E n' ret =i Siren on hater nrks ts ct Direct Rart i a t i or. O
N F. corner 0 intersectior- - Ster ling S t ,i t e8

Perb 8; d fntcamep Drisa/Watpr= orbs ( i e.
5tpe line %tatP Iarb)

.

T20 W5W/257" 2.7 mi Pole. 5 %ide o' Willia *% Rd - P 9019% % of Direct Radiatinn C
Dizip Hug tSop: tal Areal

T2t wSw/239" 2.7 mi colo. N 54cp o' reart at Darkvip* - W o ori l a ncf Direct Radiation O
E' e n c h (Spacial Area)

T 2, 5/172" 1.2 mi Pole. N Side of Dolnte Aum Opaum 2 P n i p *, W of ()i r er t Radiation O
Lono - 5ita floundary

T23 $5W/1u5" 1,1 ,,. i rolp, 5 s t ctp o s Pointe Au. roau. - role W 04 Direct R arf l a t i on C
Hurof e npat tP Vent Pipp - Sitp Upundarg

T[4 SW/ 25 1,2 mI Eprmi Ima t p 8ionO Iointe Atf a Upasst Rti - (pt DIrpCT Radigt(DM Q
fenCF =i'* W n' batP - 5it# fits u nd a rv

T25 W5W/251" 1.5 mi Dole. T ril l Rd - 13 Poles 5 of Fermi De Direct Radiation O

T2r WSW/259" 1.1 re i Polo. Toit Ru 6 Poles 5 of Fermi D* Direct Radiation C

477 SW/225" F,R mi I Die, N' In*ner of McMQllan ann [ast Frent $t D} rect Radiatjot, [,
j '.g so -a; A as a 1

72b SW/229" 10.7 ra i l'o ! r . L' s < t ip - n* Yertar Crep* a ne * Direct Radiatton O
LaPlassne: e ttontrof)

0T29 W5W/237 sp,3 ,q polp. E 5 9 tip o' 5 Disie. 1 Polo 5 n* A ' t in + + Direct Radiatina C
(Contro?I

130 W5W/247" 7.R mi Dole. St. Va")~s Pa-k Cornp- o' Dirert Radiation C
E i er and pon op st, 5 sirsp of parking int
nest to * ive- (Specia' Armat

_ _ _ . . . _ _ . _ _ _ _ _ . _ _ . . _ _ . . _ _ . _ _ . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ ____ _ _ _ _ .
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Oncy-10.0

tievision 4
5 Hop 10 , [* - 0

T AHI f 10.0-1

( Rntf l o l og i c a l t riv i r onmen t a l Monitoririg Prouenm. fermi 7 Sample t otal lons n nit Assoc ia t e<f Morfla
i

| Dirert Ratflatton
!

Metenrotngsta1
Station %er t or / A r t em.s t h Distance from
Number D i r ec t len Reactor (Appron) DescrIptton Metil e F' r ptjue nc y

13t Wiw/755" 9,6 mi ist Pole w o' Fntranto Drive vittnn * Pat' Dirert Rat'ia t i nn O
Monson D et. r ea t l ona l kenprve N Cu%ter Rd
(Crotro11

737 WNw/795" 10.3 mi Pole. Lorner n' Stony Creek anti Fintel Rds Direct Radiatlon Q

T33 NW/317" 9? mi Polo, h Side of Gra8 ton Dd, 1 Polo N of Direct RRtji a t inn Q
Ash /Graftot. I n t e r set t t on

TJ4 NNW/338" 4,7 mi Pole, f- S i tt e of Pnct f. r ee k . 1 8'o l e 5 of Direct Radiatnon Q
Will-Carleton k rf

.

n7 3 ''. N / 3r,g g,9 mg poly, 5 % { gf p nf 5 Hurtsh River Dr across from Direct Radiatlon Q
Race St (Spetini Areal

U13 (- N/35H 9.1 mi Pole. NE Cornor o' Gibrnitar n n tt (ahift R d r. Direct Radiatinn Q

T37 NNE/21" 9.R mi PDla. 5 COF"p" c' Adams and Gibraltar ( nr r oFN Direct Radiation O
from Humbnq Mat inaI

T3R WNw/?D4" 1,7 mi R es t rinnr e - (Aud N, Diuip Hwy, Dirpct Radiatton Q

139 %/176" O,3 mi SE Lorner of Drnterted Arpa Fento (DAF ) Direct Radiation O

T40 5/170" 0.3 mi Midmay nInna OPA - par Direct Radiation O

T41 55E/161" 0.2 mi Midaav betapan ODA and Shield Watt - PAF Direct Radiation O

T42 SSE/140" 0.2 m+ Mief=ay alona Sh i p i tt wait - PAF Direct Radiation Q

T43 SE/1310 0,1 mi Midway between Shi e ltf nail and Aun Doifers - Olrect Radiation Q
l' A F'

T44 ESE/109" 0.1 mi Otposita 055r Door - par Direct Radiation C

T45 E/B0" D.t mi NE Corner - PAF

0T46 F NE / fi7 0.2 mi NE S i rie Barop 5110 - en F enc e Direct Radiation O

. . _ . __ _ . _ . _ _ . _ _ _ . _ _ _ _ _ _ . _ _ _ - _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _ _ _



_ _ _ _ - _ -_- _ _ _ _ - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ . - - _ - _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - . - _ _ - _ . - _ _ _ _ _ - _ - - _ _ _ _ - - _ _ - _ - - _ _ - _ _ - _ _ . - _ _ _ _ _ _ _ _ __ - - _ _

ODCV-10.0
Revision 4
Paua 10.0-7

1 Ant E 10.D-1

Radlological Environmental Monitoring Program. Termt 2 Sample t.nca t inns anit Ansociated Media

Direct Radiation

Metenrological
Station Set t or / Ar imut h Distance from
Number D i t ec t n on Reactor (Appens) Description Media F r e<3uenc y

T47 $/1RS 0.1 mi South nf T u r (T i na D I tf u . rn1lup door nn PAF Direct Radintion Q

T49 5W/235 0.2 mi 30 ft, f r r.m (o'nor nf AAP on PAF

T49 W5w/251 1.1 mi Corner of site tiounria r y fence north of NOC Direct Radiation C
a i sing Crititat rath Ret ,

750 w / 2 '/O O.9 mi Site tsnunrf a r v 8pnte naar main pate ts y the Direct kadiatinn Q
south Bullit St, s t ran

T r.1 N/3 0.4 mi Site bn orsda r y f eett e north of North Direct Radiation O
Contino Towp- -

t r. 2 NNE/20 0.4 mi Site boundary f o nt. c at the corner of Direct Radiation O
A r mors and Tower

Tr3 NE/55 0.2 mi Site bountf a r y fence enet of South Direct Radiation Ce s

( ne l i no inwer

t r,4 5/189 0.3 mi Pole, neat to rurmi 2 Visitors Center Direct Radiation U

f% w%W/251 3.3 mi Pole, north side of Narf enu Rd. ncross from Direct Radiation O
50dt Elementary School Maroupe

T e t, W5w/255 4.9 mi Pnte, entrance to Jefferson M i ttif i c Schoot on Direct Radiation C
s

Stonay Creek Rd.

T57 w / 2 fin 2.7 mi t'n 19 north s i tte n' wititans Rd. across from Direct Radiation O
.Ja*ferson Hiph 5thnni ent e anc e

T59 wsw/249 4,9 mi s ' n t .. . wast of Hurd Elementary School Maroupe Direct Radiation Q

t r. n NW/325 2.6 mi Po?c. north of 5t. Charles Church Dirett Radiation O
entrante on Dimse Hwy.

T60 NNw/341 2.5 mi ist rin t a north of North Elementary Schon1 Direct Asdiation o
entrance on Disse Hwy.

T6' w/268 10.1 mi Pole, SW Corner of 5tewart and Direct Rndintion O
Raisinville Rdn.

T r.2 Sw/232 9.7 mi Pole, NW Corner of Alba'.n and Hull Rds. Direct Radiation 0

Tb3 WSw/245 9.6 mi Pole, Corner of Dunttar and Telegraph Rds. Direct Radiation 0

!

. - - . - - . _ _ - - . _ _ - _ _ _ . _ - _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ . _ _ _ _ _ - _ - . . _ _ . _ _ _ _ -__ _ _ _ _ _ - _ _ _ - _ _ _ .
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TAHLE 10.0-I

Radiological Environmentat Monitoring Pr ota r am, f er mi 7 Sample tocations antf Associa t ed Mettia

rish and Settiment

Meteorntonicn1
Station Sector /Arimuth Olstance from
Numt te r Dleettlon Heat 1or (Appeon) DemerIptlon Metlin F rettuent y

SE p t vf Ni e.

S-? 5%E /165" 0,o mi Pointo Aun r' eau. Shnepline to 500 ft 5pdiment sa
offshnre nightints diractly to Land Damp
water tower

5- r E/81" 0.2 mi Fermi 2 Dischar pp, apprna 700 ft o f f e.bo rp 5ediment sa

5-? N E / 3'?" 1.1 mi E *. t r e t Daarh. aporom 200 ft of* Shore, nff Sediment SA
North shor el ine wherp Swan Crorb and Lake -

Erie meet

%-4 wSW/241" 3.0 ml Indian Trails Community Spath Sett i men t 5A

% - !. NNE/20" 11,7 mi DECO's Trenton Channp1 l'ow e r Plant intabP $cdiment $A
aren (Centrol)

risH

F-1 NNE/31" 9.5 mi Celpron Island (Control) Fish SA

E/ 0" 0.4 mi rermi 7 Discharpa (approm 1200 ft offshore) Fish 5AF-2 8

r-a wsw/73p0 4 . 8 en i B,est Hay varina Area (Content) rish SA

_ _ - _ - _ -. - _ _ . . - _ _ _ __ . _ _ _ _ - _ _ _ _ - _ _ _ - _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ - - _ _ _ _ - _ _ _ _ _ - - . . - . - . .



_ _ _ _ . _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _

{

j 00 C M - 10 .. D

| Revision 4
Page 10.0-9

T AtiL E 10.0-1
|

| Radiological E nv i r onmen t a l Monitoring Progr am, Fermi 7 Sample L.ocations and Associated Media

i Milk / Grass
!
'

Meteorological
$tation Sec t or/ Ar lmit t h Distante f r om
Homtie r Direttton Reactor (Appeon) Descriptinn Media Frectuency

U-2 NW/319" 5.4 mt Ranump Farm - 2705 E Labo Milk M-SM

DM-3 NW/317 4.2 ml Voas Farm - 3030 NP= port Rrf Milk M-5M

M-7 WNW/301" 2.1 m+ webb Farm - 4202 P o e. t ud * Grass M-SM

M-H WNW/2R9" 9.9 mi Calder Dairv - 9334 Fintal Rd Milk / Grass M-SM

* Grass t ak et* i t, tipu of milk samp l es--r es ittenc e is r a t r o l a t eti tr itical teceptor. tsu t tines not participate in REMP p roeir a m .
.

._________.__________..__.m. _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ -_.m._. _ _ _ _ _ _ _ _ _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ .
- n -ma - y - - - _ --
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ODCM-10.0
Devision 4
Pane 10.0-10

1QDLE 10.0-1

Radiological f_nvironmental Monitoring Program, fermi 2 Sample Locations anti Associated Media

water

Metenrplogical
Statlon Sector /A21muth Distance from
Number Direction Reactor (Appron) Description Media F reritsenc y

DRINNING water

0DW-1 5/174 1.1 m) Monrop water Station N S i tie of Pointe Aus Drinking Water M

Peaum 1/2 B1ork W n' L0"n Rd

DW-2 N/8" 18.$ mi Detroit Water Statinn Drinking Water M

14700 Moran R rt . ^Tten r'a r 6 (Controf)

SUpratt WATER

SW-1 55E/160" 0.3 mi Fermi i Raw take Water Intake Structure Surface water M

SW-2 NNE/20" 11.7 mi DECO's Trenton Channel Power Plant Intake Surface Water M -'

Structure (Sernenhoure #1) (Contret)

51TE WEtLS

GW-1 5/175" 0.4 mi appen. 100 ft W o' t.aka Erie. EF-1 Parking lot Groundwater 0
near gas fired t'aa k e r *

GW 2 55W/20R" 1.0 ml 4 ft 5 of Pointe aue Peaun (PAD) Rd FenCP Groundwater Q
427 ft W of where oar' crosses ever Stoney
Point's Western Dike

Gm-3 SW/226" 1.0 mi 143 ft W of PAP Raf Gate. 62 ft N of Groundwater Q
Pan Rd rence

GW-4 WNW/299" 0.0 ml 42 ft 5 of Langton Mrs . R ft E of Groundwater O
toI1 R<i f ent e

- -__. .. . -- . . _ - _ .. _ _ _ . - _ _ . . - , . __ -
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ODCV-10.0
Revistsn d
Page 1(.0-11

T OlllE 10.0-1

Radiological Environmental Manitoring Program, fermi 7 Sampic Locations and Associated Media

Air Particulate Air lodine

Meteorological
Station Sector /Arimuth Distance from
Numtier Direction Reactor (Appron) Description Media 'requency

0 * "'APJ ' NE/30 4 mi Estral Danch Pole on Lakeshnre. I f4 Doles r$ ' Rad i o l orf i n e W
Lakeview ( N e a r p e. t tomunity =4th hinhest p. / Q ) Pa r t i c u l a t e *. W

AP1 - 2 NNW/337" 0 . f. =' Site Dountt s and in11 Road, on Site Fence hv Rediniodine k

T-4 Particulstes M

A P ] ~4 NW/31.10 0.6 mi Site Bount? y and Toll Road, on Site kence by Rattiolodine W
T-5 Particulates %

api-4 W/270" 14.2 m3 Pole. beh i nr1 (50 t v Farm - 7512 N (. u t. t e e Dond Radiolodine w
(Lontrot) Particulaten h

0art-s S/191 1,2 mi One note south o' Ocinte Aun Peau. A rt on Radiolodine w -

Eric St Particulates W

|

1

I

_ . _ _ _ - _ - _ _ _ _ _ . - _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ - . . _ _ . _ _ _ __ - - - .i
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ODCV-10.t1
kevistor- d
Page 10.0-12

T ABt E 10.0-1

Radiological Environmental Monitoring Progr am. Fer mi 7 Sample Locations and Associaterf Media

F oorf Preducts

Meteorological
Station Sector /Arlmuth Distance from
Number DitPct100 Reactor (Approa) Deseription Media F rerguenc y

FP-1 NNE/21" 3.9 mt 9501 Turnoike H6ghany Food Preducts M (when
avaitable)

FP-3 NNE/12" 1.1 ml 6441 Dranchpau Food Products M (when
evalInble)

0FP-L NNE/10 d.5 mi 7806 Labo Fond Produr.ts M (wSan
avaltable)

r p - t, WNw/790" 14.5 mi 9200 Geirman ((ontrnii Fcod eroduces M (when
avatinble1

-

- . .. - .- _ - - - - . - _ .- . - - - _ _ _ _ _ _ _ _ _ _ - - _ - _ - _ _ - _ -- _ - - _ _ _ . _ - _ - - _ _ - _ - _ _ - . - . - _ ___ _ __
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TAnLE 10.0-1

Radlological Environmental Monitoring Program. Fermi 7 Sampic Locations and Associated media

Land Use Census Closest Residences

Meteorological Distance from
Sector Renctor (Appros) Description

NE 1.1 mi 6760 Lakeshore

NNE 1.1 mi 6460 OranCheRU

N 1.1 mi 0700 Bianchett

NNW 1.1 mi 5701 Post

NW 1.0 mi 0577 Lerous

WNW 0.7 mi 6700 Lanoton

W 1.1 mi 0001 Toll *

WSW 1.4 mi 49R1 Dolnte Aus Peaup

Sw 1.3 mt 5194 Pointe Aun Peau,

SSW 1.1 ra i 5820 pointe Aun Peaum

5 1.0 mt 4834 Long

ESE-5%E Lake Erie

_ _ . - . -_i._..._.-._____-m__._____ -..,___-.___m m.-_ __ _ _m___- _a m_a_m _ r a _____. - _ _ _ _ a. . - * _ __ _ __.m a_ __.___ _ _. m+ 2- ___=
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Revimion
Page 10.0 .

T AFit E 10.0-7

Radiological Environmental Monitoring Program. Fermt 1 Sample Locations entf Associated Media

Water

Station Meteorlogical
Nomtie r Sector /Apimuth Olminnce from

Direttion Reactor (nepron.) Descriptlon Media F rectuency

surface Water

South Lacoon S/190" 0.5 mt Shoreline tie h i nd fuel oil storane tank SW $4

Swan Creek NW/SR" 1.9 mi Area below briefpa N. o' Dixie Hwy and $=an SW SA
Creph Rd. (Public Access area)

Ranctor NE/0" 0.4 mi Ares woere over*1o= canc1 meets $=an Creak Sm SA
Channel

Lake Water 55E/159" 0.4 mi Fermi 1 intet E. of pumphouse SW 5A
#3

Rn= City Water

City nf 5/169" 1.2 mi Monroe Water Statlon. N. side of Point Aun RW SA
Monroe t'e n u s . 1/2 block W. of Long Rd.

rermi 1 55E/159" 0.4 mi Fermi Unit 1 Ra= Leba water intake structure RW SA

City nf NNE/28" 29.5 mi Detroit City Water Treatment Plant
Detroit N. of Dette Isle on Jefferson Ave. RW 5A

Note: Distances were taken from Fermi 2 tapactor Center Line.

- _ _ _ _ _ _ _ - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ - . _ . - _ _ - _ _ _ - _ . - - _ _ _ _ _ _ - _ _ _ _ - . - _ _ _ _ - _ _ _ _ _ - - _ _ - _ _ . . - - _ _ _ _ - _ _ - - _ - - - - - - _ _ _ _ _ _ _ _ _ - _ _ . - - _ _ _ _ _ - _ _ - - _ _ _
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Revimion
Paup 10.0

T Allt_t 10.0-2

Radiological E nv i ronenen t a l Monitoring Program, f er mt 1 Sample l ocat ions and Assocint ed Media

Sed leren t s

Station Meteorlogical
Numlier $cc t or / A r isms t h Distance from

Directton tienctor (approm) Descr$ption Media Frequency

South
01. a cs e n n $/190 0.5 mi Shoreline behind fuel oil storapa tank Sediment SA

Reartor
Channel N/O" O.4 mi Area where nverflow canat meets Swan Creek Sediment Sa

Swan
Creek N/W/50" 1.0 mi Area below br i gion N, of Dixie Hwy, and Swan

Croak Rd. (public access area) Sedi+cnt SA

_ _ _ . . _ . _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _
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APPENDIX A: TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS
LIQUID EFFLUENT RELEASES !

!

!

r

Overview
;
,

To simplify the dose calculation process, it is conservative to identify a controlling,
,

dose-significant radionuclide and to use its dose conversion factor in the dose calculations.
Using the total release (i.e., the cumulative activity of all radionuclides) and this single dose
conversion factor as inputs to a one-step dose assessment yields a dose calculation method

i
which is both simple and conservative. i

a

Fermi 2 does not have a large data base of previous releases of radioactive liquid effluents i

upon which to base the determination of the controlling, dose-significant isotope. The
,

Fermi 2 UFSAR, Table 11.2-9 presents the estimated annual releases from liquid effluents as ;

calculated using the NRC GALE computer code, (NUREG-0016. Revision 1). Site specific dose >

conversion factors (Ajo) from ODCIA Table 6.0-1 were multiplied by the UFSAR estimated f
annual release quantity to determine a relative dose significance. Table A-1 presents the ;

results of this relative dose evaluation. (

Because Cs-134 is the controlling nuclide for the total body dose and has the highest dose '

conversion factor among the nuclides evaluated for that dose, the use of its dose
|conversion factor in the simplified dose assessment method for evaluating the total body

dose is demonstrably conservative.

t

Selection of the appropriate dose conversion factor for the maximum organ dose is not so
{

,

'

straightforward. Inspection of Table A-1 shows that the thyroid dose is the controlling
!

| organ dose, and it follows that the iodines are the controlling radionuclides. However, this
!

identification is based upon the FSAR estimate of annual releases. To be adequately ',

I conservative when using this simplified method, it is appropriate to select the largest dose
( conversion 'ector from among all the radionuclides evaluated to assure that offsite doses '

are not mistakenly underestimated. |

For the UFSAR Table 11.2-9 isotopes evaluated, there are a few radionuclides with a higher f
dose conversion factor than 1-133 for the thyroid dose. Further inspection of Table A-1 ;
shows that P-32 is the major contributor to the dose to the bone, which is the second '

highest organ dose. P-32 has a high dose conversion factor (1.39 E + 06 mrem /hr
;

per uCi/ml) and would provide additional conservatism if used as the simplifying dose
conversion factor. However, analysis for P-32 is not required. P-32 decays by beta
emission without any accompanying characteristic gammas.

Use of the P-32 dose conversion factor is therefore inappropriate. The next largest dose
conversion factor of the evaluated radionuclides is Cs-134 for the dose to the liver at

i 7.09 E + 05 mrem /hr per uCi/ml. (The dose to the liver is the third largest organ dose.) As
'

Cs-134 is easily measured with gamma spectroscopy, has a long half-life,' and a high organ
dose conversion factor, it is used as the controlling radionuclide for the simplified maximum
organ dose assessment.

,

ARfAS - INFORMATION SERVICES
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Simplified Method

for evaluation of compliance with the dose limits ODCM 3.11.1.2, the following simplified
equations may be used:

Total Body

D - 02 * W . A(Cs-134,tb)=
tb * iDF a Z

(A-1) i

where: '

Dtb dose to the total body (mrem)=

i

VOL volume of liquid effluents released (gal) {
=

i
DF average circulating water reservoir decant line flow (gal / min)

|
=

Z 5, near field dilution f actor (derived from Regulatory Guide 1.109)=

A(C5- 134,1b) 5 80 E + 05 mrem /hr per uCi/mt, the total body ingestion dose factor=

for Cs-134
)

Ci total concentration of all radionuclides (uCi/mi)=

|

1.67 E - 02 1 hr/60 min=

Substituting the value for the Cs-134 total body dose conversion f actor, the equation
simplifies to:

9.69 E + 03 . VOL , [C;D =g
DF * Z

(A-2)

Maximum Organ

D * ~
' * ^(Cs-134, liver) *max iDF e Z

(A-3)

where:

| Dmax maximum organ dose (mrem)=

|

| A(Cs-134, liver) 7 09 E + 05 mrem /hr per uCi/ml, the liver ingestion dose factor=

for Cs-134
|

|
I
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Substituting the value for the Cs-134 liver dose conversion factor, the equation simplifies to:
!

1.18E + 04 , VOL [C.D =
.max 'DF * Z !

|

(A-4) |

|

Tritium is not included in the Inmited analysis dose assessment for liquid releases, because|
,

the potential dose resulting from normal reactor releases is relatively negligible. '

Furthermore, the release of tritium is a functiori of operating history and is essentially
I unrelated to radwaste system operations.
|

,

i

)

,

,

!

i

l
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APPENDIX B: TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS
GASEOUS RADWASTE EFFLUENTS

Overview

Dose evaluations for releases of gaseous radioactive effluents may be simplified by the use
of an effective dose f actor rather than radionuclide-specific dose factors. These effective
dose factors are applied to the total radioactive release to approximate the various doses in

| the environment; i.e., the total body, gamma-air, and beta-air doses. The effective dose
factors are based on the typical radionuclide distribution in the gaseous radioactive
effluents. This approach reduces the analyses to a single multiplication
(Kett, Mett,or Neff) times the quantity of radioactive gases released, rather than
individual analyses for each radionuclide and summing the results to determine the dose.
Yet the approach provides a reasonable estimate of the actual doses since under normal
operating conditions there is relatively little variation in the radionuclide distribution.

Determination of Effective Dose Factors

Effective dose transfer factors are calculated by the following equations:

[(K*f)Kett = i i
(B-1)

where:

Keff the effective total body dose factor due to gamma emissions from all noble=

gases released (mrem /yr per uCi/m , effective)

K the total body dose factor due to gamma epissions from each noble gas
=

radsonuclide i released (mrem /yr per uCi/m , from Table 7.0-2)

fi the fractional abundance of noble gas radionuclide i relative to the total noble=
,

gas activity |
|

[((L + 1.1 Mj) * fj)(L + 1.1 M)ett = i
(B-2)

where:

(L + 1.1 M)eff the effective skin dose factor due to beta and ga=

from all noble gases released (mrem /yr per UCi/m}ma emissions, effective)

(L + 1.1 M ) the skin dose factor due to beta and gamma emissiota frogi =

each noble gas radionuclide i released (mrem /yr per UCi/m ,
from Table 7.0-?)

ARMS - INFORMATION SERVICES '
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i

FAgg= {{fAj*fj) Ie

where:
!

FA gg = the effective air dose factor pue to gamma emissions from all noble gases jej
released (mrad /yr per uCi/m , effective)

i '

|
FA = the air dose f actor due to gamma emissions from each noble gas radionuclide i

'

released (mrad /yr per uCi/m , from Table 7.0-2) <

|

[(N a f )Neff = i i
(B-4)

where:

TJeff the effective air dose factorgue to beta emissions from all noble gases
=

released (mrad /yr per uCi/m , effective)
|

Ni = the air dose factor due to bgta emissions from each noble gas radionuclide
,dreleased (mrad /yr per uCi/m , from Table 7.0-2) '

Normally, past radioactive effluent data would be used for the determination of the effective
dose factors. Fermi 2, however, does not have a sufficient operating history at or near full ;
power to provide a reasonable data base for determination of the typical radionuclide
distribution in gaseous effluents. Therefore, the UFSAR estimate of radionuclide
concentrations at the site boundary is used as the initial typical distribution. The effective
dose factors derived from this distribution are presented in Table B-1.

Application

To provide an additional degree of conservatism, a factor of 2.0 is introduced into the dose
calculation when the effective dose factor is used. This conservatism provides additional
assurance that the evaluation of doses by the use of a single effective dose factor will not
significantly underestimate any actual doses in the environment

For evaluating compliance with the dose limits of ODCfA 3.11.2.2 the following simplified
equat>ons may be used.

2.0 a 3.17 E - 08 . X/O a FA gg . [O;D =
e

(B-5)
and

2.0 * 3.17 E - 08 X/O * Negg . [OD = i
(B-6)

where:

D air dose due to gamma emissions for the cumulative release of all=

noble gases (mrad)

D air dose due to beta emissions for the cumulative release of all noble=

gases (mrad)
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3X/O atmospheric dispersion to the controlhng site boundary (sec/m )=

3FAett 2.7 E + 03, effective gamma-air dose factor (mrad /yr per uCi/m )=

3fJett 2.3 E + 03, effective beta-air dose factor (mrad /yr per uCi/m )=

Os cumulative release for all noble gas radionuclides (uCi)=

3.17 E - 08 conversion factor (yr/sec)=

2.0 conservatism factor to account for the variability in the effluent data=

Combining the constants, the dose calculation equations simplify to:

1.71 E - 04 * X/O * [OiD =

(B-7)
and

D = 1.46 E - 04 * X/O * [O i8 (B-8)

The effective dose factors are used for the purpose of facilitating the timely assessment of
radioactive effluent releases, particularly during periods when the computer or
ODCM software may be unavailable to perform a detailed dose assessment.

I

|

|

!
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TABLE B-1

Effective Dose Factors - Noble Gas Effluents

Total Body Skin Dose Gamma Air Beta Air
Dose Factor Factor Dose Factor Dose Factor

Isotope Fractional * Kegg (L+1.1M gg) M gg Neffe e
Abundance (mrem /gr per (mrem /gr per (mrad /yg)per (mrad /yg)peruCi/m ) uCi/m ) uCi/m uCi/m

Kr-85m 0.10 1.2 E + 02 2.8E + 02 1.2 E+ 02 2.0E+ 02
Kr-85 0.01 1.6E-01 1.4 E 4 01 1.7E-01 2.0E + 01
Kr-88 0 04 5.9E+02 7.6 E + 02 6.1 E + 02 1.2 E + 02
Kr-89 0 06 1.0E + 03 1.7 E+ 03 1.0E+ 03 6.4 E+ 02
Xe-133 0 67 2.0E+02 4.7 E + 02 2.4 E + 02 7.0E + 02
Xe-135 0 02 3 6E+01 7.9E + 01 3.8E + 01 4.9E+ 01
Xe-137 0 02 2.8E + 01 2.8E + 02 3.0E4 01 2.5E+02
Xe-138 0 07 6.2 E + 02 1.0E4 03 6 4E+02 3.3E + 02

TOTAL 2.6E + 03 4 6E*03 2.7E + 03 2.3 E + 03

I

* Radionuclide distribution derived from Fermi 2 UFSAR, Section 11.3, Table 11.3-6. Kr-90, Kr-91, j
Xe-139, and Xe-140 have been excluded from the UFSAR distribution because of shon half-lives i

and subsequent decay during environmental transport. Kr-87, Xe-131m, and Xe-133m have been |

excluded because of their negligible fractional abundance. I
*
,

END
,
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