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ABSTRACT

The Offsite Dose Calculation Manual (ODCM) contains details to implement the requirements of
Technical Specifications 6.7.6g and 6.7.6h.

___The Offsite Dose Calculation Manual (ODCM) is divided into two parts: (1) the Radioactive Effluent

Controls Program for both in-plant radiological effluent monitoring of liquids and gases, along with the
Radiological Environmental Monitoring Program (REMP) (Part A); and (2) approved methods to
determine effluent monitor setpoint values and estimates of doses and radionuclide concentrations
occurring beyond the boundaries of Seabrook Station resulting from normal Station operation (Part B).

The sampling and analysis requirements of the Radioactive Effluent Controls Program, specified in Part
A, provide the inputs for the models of Part B in order to calculate offsite doses and radionuclide .
concentrations necessary to determine compliance with the dose and concentration requirements of the
Station Technical Specification 6.7.6g. The REMP required by Technical Specification 6.7.6h, and as
specified within this manual, provides the means to determine that measurable concentrations of
radioactive materials released as a result of the operation of Seabrook Station are not significantly higher
than expected.
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PART A

RADIOLOGICAL EFFLUENT CONTROL AND ENVIRONMENTAL MONITORING PROGRAMS

1.0

INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) contains details to implement the Radioactive
Effluent Controls and Environmental Monitoring Programs” of Technical Specifications 6.7.6g

&
.
!

and 6.7.6h:

The purpose of this manual is to contain details for the implementation of the Radioactive
Effluent Technical Requirement Program (RETRP) and the Radiological Environmental
Monitoring Program (REMP). These programs are required by Technical Specifications 6.7.6g
and 6.7.6h.

Part A of this manual defines specific concentrations, sampling regimes and frequencies for both
the RETRP and the REMP. These activities are the defined surveillances for radiological
releases. Part A also defines specific sampling locations for the RETRP. The information
contained in Part A is used as input into the models that are used in Part B. The Part B models
identify the calculational methods for determining radiation monitor setpoints, offsite doses and
effluent concentrations of radionuclides. Part B also defines sampling locations for the REMP.
The data resulting from the surveillance and monitoring programs described in Part A provide a
means to confirm that concentrations of radioactive material released, as a result of routine
Seabrook Station operations, do not contribute to effluent dose significantly different than as

postulated in Part B.

The ODCM Parts A and B containing guidance for handling (sampling and monitoring)
Condensate Polisher System Effluent discharges (Neutralization Tank, Low Conductivity Tank,
and Resin Megarinses) do not apply until the Polisher is declared operable and processing of
Condensate through the demineralizer resin occurs.

A.l-1 ODCM Rev. 28



.|

2.0 RESPONSIBILITIES (PART A)

~ All changes to the ODCM shall be reviewed by the Station Operation Review Committee
(SORC), approved by the Station Director, and documented per Administrative Control 6.13 of
the Technical Specifications. The change process is controlled by the Applicability

-----—---Determination Process as controlled by.the 10 CFR 50.59 Resource Manual (5059RM). _Changes ... ...

made to Part A shall be submitted to the NRC for its information in the Annual Radioactive
Effluent Release Report for the period in which the change(s) was made effective, pursuant to
T.S. 6.13.

It shall be the responsibility of the Station Director to ensure that the ODCM is used in the
performance of the Radioactive Effluent Control and Environmental Monitoring Program
implementation requirements, as identified under Administrative Controls 6.7.6g and 6.7.6h of

the Technical Specifications.
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3.0

DEFINITIONS

The defined terms of this section appear in capitalized type and are applicable throughout these
Controls. Terms used in these Controls and not defined herein have the same definition as listed

in the Technical Specifications.

A3-1 ODCM Rev. 24



4.0 CONTROL AND APPLICABILITY
This section provides a summary listing of the Controls and Applicability requirements of the ODCM.

The RECP conforms with 10 CFR 50. 36a for the control of radioactive effluents and for maintaining the
doses to MEMBERS OF THE PUBLIC from radioactive effluents as low as reasonably achlevable The

REMP provides for monitoring the radiation and radionuclides in the environs of the plant.

The specific 1mplementatlon details for the RECP and REMP are located in'the OFFSITE DOSE
CALCULATION MANUAL (ODCM). Contained within the ODCM are the following CONTROLS:

C.5.1 - RADIOACTIVE EFFLUENT MONITORING INSTRUMENTATION — LIQUIDS

CONTROL - At All Times

The radioactive liquid effluent monitoring instrumentation channels shown in Table A.5.1-1 shall be
OPERABLE with their Alarm/Trip Setpoints set to ensure that the limits of Control C.6.1:1-are not
exceeded. The Alarm/Trip Setpoints of these channels shall be determined and adjusted in accordance
with the methodology and parameters m the OFFSITE DOSE CALCULATION MANUAL (ODCM)

Part B.

3

C.5.2 - RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

CONTROL- As Shown on ODCM Table A.5.2-1" -

The radioactive gaseous effluent monitoring instrumentation channels shown in Table A.5.2-1 shall be
OPERABLE with their Alarm/Trip Setpoints set to ensure that the limits of Control C.7.1.1 are not
exceeded. The Alarm/Trip Setpoints of these channels meetmg Control C.7.1.1 shall be determmed and
adjusted in accordance with the methodology and parameters in the ODCM (Part B). - - o

C.6.1.1 - RADIOACTIVE LIQUID EFFLUENTS — CONCENTRATION

CONTROL - At All Times

The concentration of radxoactxve matenal re]eosed m» hqmd efﬂuents at the pomt of dlscharge from the
multiport diffuser (see Technical Specifications Figure 5.1-3) shall be limited to the concentrations

_specified in 10 CFR Part 20, Appendix B, Table 2, Column 2, for radionuclides other than dissolved or

entrained noble gases. For dissolved or entrained noble gases, the concentration shall be limited to
2 X 10" microCurie/ml total activity.
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C.6.2.1 -DOSE
CONTROL — At All Times

The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive materials in liquid
effluents released, from each unit, to UNRESTRICTED AREAS (see Technical Specification

Figure 5.1-3) shall be limited

e During any calendar quarter to less than or equal to 1.5 mrems to the whole body and to less than or
equal to 5 mrems to any organ, and

¢ During any calendar year to less than or equal to 3 mrems to the whole body and to less than or equal
to 10 mrems to any organ.

C.6.3.1 — LIQUID RADWASTE TREATMENT SYSTEM

CONTROL — At All Times

The Liquid Radwaste Treatment System shall be OPERABLE and appropriate portions of the system
shall be used to reduce releases of radioactivity when the projected doses due to the liquid cffluent to
UNRESTRICTED AREAS (see Technical Specification Figure 5.1-3) would exceed 0.06 mrem to the
whole body or 0.2 mrem to any organ in a 31-day period.

C.7.1.1 - RADIOACTIVE GASEOUS EFFLUENTS - DOSE RATE

CONTROL - At All Times

The dose rate due to radioactive materials released in gaseous effluents from the site to areas at and
beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the
following;:

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

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

A4-2 ODCM Rev. 25
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C.7.2.1 -DOSE - NOBLE GASES
CONTROL - At All Times

The air dose due to noble gases released in gaseous effluents to areas at and beyond the SITE
BOUNDARY (see Techmcal Spec1ﬁcatlon Flgure 5.1-1) shall be llmlted to the following:

.. Dunng any. calendar quarter Less than or equal to 5 mrads for gamma radlatlon and less than or. .
equal to 10 mrads for beta radiation, and -

e 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. :

C.7.3.1 - DOSE -10DINE-131, TRITIUM, AND RADIOACTIVE MATERIAL IN _
PARTICULATE FORM

CONTROL- At All Times

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 to areas at and
beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the

followmg
e During any calendar quarter Less than or equal to 7. 5 mrems to any organ, and

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

C.7.4.1 - GASEOUS RADWASTE TREATMENT SYSTEM

CONTROL At All Times

The VENTILATION EXHAUST TREATMENT SYSTEM and the GASEOUS RADWASTE o
TREATMENT SYSTEM shall be OPERABLE ‘and appropriate portions of these system shall be used to
reduce releases of radioactivity when the projected doses in 31 days due to gaseous effluent releases to
areas at and beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) would exceed

e 0.2 mrad to air from 'gainma radiation' "o'rA :
e 0.4 mrad to air from beta radxatlon, or -

e 0.3 mrem to any organ of a MEMBER OF THE PUBLIC
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C.8.1.1 -TOTAL DOSE

CONTROL- At All Times

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 whole body or any organ, except the thyroid, which shall be limited to less than

or equal to 75 mrems. |

C.9.1.1 - RADIOLOGICAL ENVIRONMENTAL MONITORING -~ MONITORING PROGRAM

CONTROL — At All Times

The Radiological Environmental Monitoring Program (REMP) shall be conducted as specified in
Table A.9.1-1.

C.9.2.1 - LAND USE CENSUS
CONTROL - At All Times

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 sectors of the nearest milk animal, the nearest residence, and the nearest

garden** of greater than 50 m? (500 %) producing broad leaf vegetation.

C.9.3.1 - INTERLABORATORY COMPARISON PROGRAM

CONTROL - At All Times

In accordance with Technical Specification 6.7.6.h.3, analyses shall be performed on all radioactive
materials supplied as part of an Interlaboratory Comparison Program, that has been approved by the
Commission, that correspond to samples required by REMP.

**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 relative
deposition values (D/Qs) in lieu of the garden census. Specifications for broad leaf vegetation sampling
in the REMP shall be followed, including analysis of control samples.
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MONITORING INSTRUMENTATION C _ ' '; 1

50 RADIOACTIVE EFFLUENT MONITORING' INSTRUMENTATION

5.1 quulds

CONTROLS

e e e e e m e e e
- - e e e e e et a4 mae e e -

CS5.1 - The radroactxve hquld effluent momtormg instrumentation channels shown in
Table A.5.1-1 shall be OPERABLE with their Alarm/Trip Setpoints set to ensure that the
limits of Control C.6.1.1 are not exceeded. The Alarm/Trip Setpoints of these channels
shall be determined and adjusted in accordance with the methodology and parameters in
the OFFSITE DOSE CALCULATION MANUAL (ODCM), Part B

APPLICABILITY At all times.

ACTION:

a.  With a radioactive liquid effluent monitoring instrumentation channel Alar/T np
Setpoint less conservative than required by the above specification, immediately
. suspend the release of radioactive liquid effluents monitored by the affected channel,

or declare the channel inoperable. "

b. Wlth less than the minimum number of radloactlve IquId effluent monitoring -
instrumentation channels OPERABLE, take the ACTION shown in Table A.5.1-1.
Restore the inoperable instrumentation to OPERABLE status within 30 days and, if

.- unsuccessful, expldin in the next Annual Radioactive Effluent Release Report
pursuant to Technical Specification 6.8.1.4 and Part A, Section 10.2, of the ODCM

why this 1noperab1]1ty was not corrected ina trmely manner.

SURVEILLANCE REQUIREMENTS

S.5.1 Each radloactlve hqmd efﬂuent momtormg 1nstrumentat10n channel shall be demonstrated
' OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION, and CHANNEL OPERATIONAL TEST at the frequenc1es shown in

Table A.5.1-2.

BASES_

N

The radioactive liquid effluent 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.

A5-1 . ODCM Rev. 28 .



Table A.5.1-2 Item 3a of Control C.5.1 requires that a Channel Operational Test be performed on the
radioactivity monitors (RM-R-6515 and RM-R-6516) for the PCCW System. This channel operational test
is a digital channel operational test and requires that it shall demonstrate automatic isolation of the pathway

and control room alarm annunciation.

For Seabrook Station, these two radioactivity monitoring channels provide control room annunciation, but
do not provide automatic isolation of the release pathway. This particular item was discussed in detail with
the NRC staff reviewers. For this particular reason, the words "But Not Termination of Release" were
added to Item 3 of Table A.5.1-2. The purpose of adding the above words to Item 3 was to preclude the
addition of another Table Notation to Table A.5.1-2. Therefore, the channel operational test for these
monitors only requires that they provide control room alarm annunciation.

The CHANNEL CHECK for Flow Rate Measurement Devices (Table A.5.1-2, items 2.a., 2.b. and 2.d.) is
required "at least once per 24 hours on days when continuous, periodic, or batch releases are made."
Additionally, ACTION 31 of Table A.5.1-1 is only applicable during actual releases.

Based on the above requirements, these instruments are only required to be OPERABLE during actual
releases. Therefore, the CHANNEL CHECK is only required during periods when continuous, periodic, or

batch releases are being made.

The Primary Component Cooling Water (PCCW) System is monitored by radiation monitors, which are
required by Technical Specifications 3.3.3.1 and ODCM C.5.1 to be OPERABLE, or sampling of the
PCCW and Service Water (SW) Systems is required. Clarification of this requirement needs to be made
for certain PCCW System conditions. Below is a list of 3 conditions and their corresponding

requirements.

1) If the PCCW System is shut down but not drained, grab samples shall be taken of PCCW
and SW, as required in Technical Specification Table 3.3-6, Items 6a and 6b (Action 28).

2) During transition times when the PCCW system is in the process of being drained, grab
samples, as required by Technical Specification Table 3.3-6 and ODCM C.5.1, shall be
taken until such time as sampling of PCCW is no longer possible. At this time neither
PCCW nor SW need to be sampled. During transition times when the PCCW system is
being filled, the taking of grab samples shall commence as soon as physically possible
and continue in accordance with the requirements of Technical Specifications 3.3.3.1 and
ODCM C.5.1 until PCCW is in service, the pumps are operating, and monitors are

operable.
3) When PCCW is drained, there are no sampling requirements.

The above statements are consistent with the Technical Specification definition of OPERABILITY and
with the Bases for Technical Specification 3.3.3.1.
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The following actions are required when the Service Water side of the Primary Component Cooling Water
(PCCW) Heat Exchanger is drained and grab samples of the Servrce Water System are requrred

a. Grab samples from the Service Water System wrll be obtamed at the frequencres specrf' ied -
.in Technical Specification 3.3.3.1 and ODCM C.5.1 as the Service Water System is bemg
‘drained unil obtammg these samples is not physxcally possible.

b.  Grab samples are not required oncé the Servrce Water System is dramed such that itisnot -
physically possible to obtain the samples. :

c. When refilling the Service Watér System; grab samples shall resume as soon as physically
" possible, at the intervals specified in the aforementioned sources, and continue until the -
PCCW radiation monitors (1-RM-6515 and 1-RM-6516) are OPERABLE.

Sampling of the PCCW system with the Service Water system drained and the PCCW system m operatxon ‘
shall continue per the requirements of Technical Specnt' cation 3.3.3.1 and thlS Control -

The purpose of the plant radtatron monitors is to sense radratxon levels in selected plant systems and .
locations and determine whether or not predetermined limits are being exceeded. In the case of the anary
Component Coolmg Water (PCCW) loops, the radiation monitors (1-RM-6515 and 1-RM-6516) sense -
radiation in the PCCW system which could leak into the Service Water System and be discharged to the
environment via the multiport diffuser. Per Control C.6.1.1, the concentration of radioactive material
released in liquid effluents at the point of discharge from the multiport diffuser must be within specified
limits. This limitation provides assurance that the levels of radioactive materials in unrestricted areas will

not pose a threat to the health and safety of the public.

Based on the importance of maintaining radioactive effluent releases within limits that guarantee the health
and safety of the public will not be at risk, the PCCW radiation monitors are required to be in operation at
all times. When a radiation monitor is inoperable, grab samples from the PCCW and Service Water
systems must be obtained and analyzed as a compensatory measure in accordance with Technical
Specification 3.3.3.1, Table 3.3-6 Action 28 and this Control. If the service water system is drained, there
is no potential for inadvertent radioactive liquid effluent release through the service water system to the
environment via the multiport diffuser. Thus, when the system is drained there is no need to obtain the
grab sample. However, when the system is being filled, grab samples must be obtained as soon as possible
to ensure that the water discharged to the environment is in compliance with Control C.6.1.1.

The purpose of the PCCW monitors is to detect radioactivity indicative of a leak from the Reactor Coolant
System or from one of the other radioactive systems which exchange with the PCCW System. These
monitors are required to be operable at all times. Grab samples of PCCW are required when the PCCW
monitors are not operable. Since the purpose of obtaining the PCCW samples is to provide an indication of
a leak of radioactive liquid into the PCCW system, draining of the Service Water system does not remove
the reason for obtaining the PCCW grab samples. These samples shall be obtained as specified in
Technical Specification 3.3.3.1 and this Control. This determination is consistent with the Bases for

Technical Specification 3.3.3.1.

The temporary lowering of an RDMS channel setpoint, by RDMS data base manipulation to verify
alarm/trip functions, does not prevent the channel from continuously monitoring radiation levels (except
WRGM). Additionally, when the setpoint is lowered below background radiation levels the associated trip
functions will actuate equipment in their required operating mode as if a high radiation condition exists.
The channel remains OPERABLE because monitoring and associated trip functions are not inhibited.

Refer to TS-142 for further details. ,
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When the SGBD demineralizers are being rinsed to the ocean using SGBD water, the SGBD flash tank
radiation monitor (RM-6519) may become inoperable in this alignment from decreased backpressure to run
the monitor sample pump. If this happens, the sampling requirements of Table A.5.1-1 ACTION 30 must

be performed.

RM-6509, although in the flowpath of the SGBD demineralizer rinse, cannot perform the function of
RM-6519 because it cannot achieve the same sensitivity to radiation. However, RM-6509 shall have its
setpoints established per plant procedures since the discharge flow path is through the SGBD
demineralizers (where a potential to acquire radioactivity exists), but after RM-6519.

If RM-6509 is inoperable, then in addition to the periodic sampling requirements of Table A.5.1-1
ACTION 30 for RM-6519, the batch sample and lineup verification of ACTION 29 would also have to

be complied with, for RM-6509.

It should be noted that, during a SGBD demineralizer rinse to the discharge transition structure with
SB liquid, SB-FE-1918 is not in the flow path. It is acceptable to use a flow monitoring device in the
final flow path (such as WL-FIT-1458) so that Table A.5.1-1 ACTION 31 does NOT have to be

entered.

The Note which corresponds to Table A.5.1-1 “**” states that pump performance curves generated in
place “should” be used to estimate flow. Hence, there is no requirement to use the pump curves as
described in these tables.
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TABLE A.5.1-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

MINIMUM ACTION
CHANNELS
INSTRUMENT OPERABLE
1. Radioactivity Monitors Providing Alarm
and Automatic Termination of Release
a.  Liquid Radwaste Test Tank Discharge 1 29
b.  Steam Generator Blowdown Flash Tank Drain I* 30
c.  Turbine Building Sump Effluent Line 1 30
d.  Water Treatment Liquid Effluent Discﬁarge 1 29
2, Flow Rate Measurement Devices |
| a.  Liquid Radwaste Test Tank Discharge 1 31
b.  Steam Generator Blowdown Flash Tank Drain 1* 31
c.  Circulating Water Discharge 1** N.A.
d. 1 31

Water Treatment Liquid Effluent Discharge

*Only applicable when steam generator blowdown is directed to the discharge transition structure without intermediate collectlon. The required mdlahon monitoring
channel is RM-6519. The flow path must include a flow indicator which can be used to provide total flow discharged during period of interest.
**Pump performance curves gencrated in place should be used to estimate flow. .
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TABLE A.5.1-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

(Continued)
MINIMUM ACTION
CHANNELS
INSTRUMENT OPERABLE
3. Radioactivity Monitors Providing Alarm but Not
Termination of Release
a.  Primary Component Cooling Water System (in licu of 1 32
service water monitors)
4. Rate of Change Monitor
a.  Primary Component Cooling Water System Head Tank ' 1 33
(in lieu of service water monitors)
A.5-6 ODCM Rew. 28
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ACTION 29 -

ACTION 30 -

ACTION 31 -
ACTION 32 -

ACTION 33 -

TABLE A.5.1-1

(Continued)

ACTION STATEMENTS

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provrded
that prior to initiating a release

a.  Atleast two independent samples are analyzed in accordance with
Surveillance S.6.1.1, and

" b.  Atleast two technically quallﬁcd members of the station staff mdependently

verify the release rate calculations and discharge line valving.
Otherwise, suspend release of radioactive effluents via this pathway.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
grab samples are analyzed for radloactlvrty at a lower limit of detectron of no more
than 10”7 microCurie/ml '

a.  Atleast once per 12 hours when the specific activity of the secondary coolant
is greater than 0.01 microCurie/gram DOSE EQUIVALENT I-131, or

'b. Atleast once per 24 hours when the specific activity of the secondary coolant

is less than or equal to 0.01 microCurie/gram DOSE EQUIVALENT I-131.

With the number of channels OPERABLE less than the Mlmmum Channels °
OPERABLE requirement effluent releases via this pathway may continue provided
the flow rate is estimated at least once per 4 hours during actual releases. Pump
performance curves generated in place may be used to estimate flow.

With the number of channéls OPERABLE less than required by the Minimum
Channels OPERABLE requirement, collect grab samples daily from the Primary
Component Cooling Water System and the Service Water System and analyze the
radioactivity until the 1noperable channel(s) is restored to OPERABLE status.

With the number of channels OPERABLE less than requrred by the Mrmmum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided the radioactivity level Is determined at least once per 12 hours during
actual releases. . - -
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TABLE A.5.1-2

RADIQACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL
CHANNEL SOURCE CHANNEL OPERATIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST
1. Radioactivity Monitors Providing Alarm and

Automatic Termination of Release

a. Liquid Radwaste Test Tank Discharge D P R(2) P(1)

b. Steam Generator Blowdown Flash Tank Drain D M R(2) Q)

¢. Turbine Building Sumps Effluent Line D M R(2) QM)

d. Water Treatment Liquid Effluent Discharge D P R(2) P(1)
2. Flow Rate Measurement Devices

a. Liquid Radwaste Test Tank Discharge* D@3) N.A. R N.A.

b. Steam Generator Blowdown Flash Tank Drain*** D(3) N.A R N.A.

c. Circulating Water Discharge *x N.A. N.A. N.A.

d. Water Treatment Liquid Effluent Discharge D(3) N.A. R N.A.

*Isolation of the flow path is accomplished by the Waste Test Tank Discharge Pump Trip Circuitry.
**Pump curves may be used to estimate flow.

*+* Applies to the flow indicator used in the discharge path when steam gencrator blowdown is directed to the discharge transition structure without intermediate collection.

- .. A58 ODCM Rev. 28




TABLE A.5.1-2

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REOUIREMENTS

(Continued)
L 'CHANNEL
CHANNEL SOURCE ‘CHANNEL OPERATIONAL

INSTRUMENT CHECK CHECK "CALIBRATION .. . TEST
3.  Radioactivity Monitor Providing Alarm but Not

Termination of Release :

a. Primary Component Cooling Water System (in lieu D M R(2) o Q@)

of service water monitors) o - L

4.  Rate of Change Monitor ; -

a. Primary Component Cooling Water System (in lieu D(4) NA. o R '} AT .N.‘:A

of service water monitors)
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)

©))

4)

TABLE A.5.1-2
(Continued)

TABLE NOTATIONS

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and Control Room alarm annunciation occurs if the instrument indicates
measured levels above the normal or Surveillance test Alarm/Trip Setpoint.

The initial channel calibration for radioactivity measurement instrumentation shall include the
use of a known (traceable to National Institute for Standards and Technology) liquid radioactive
source positioned in a reproducible geometry with respect to the sensor. These standards shall
permit calibrating the system over its normal operating range of energy and rate. For subsequent
channel calibrations, sources that have been related to the initial calibration shall be used.

CHANNEL CHECK shall consist of verifying indication of flow during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours on days on which continuous,

periodic, or batch releases are made.

CHANNEL CHECK shall consist of verifying indication of tank level during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours.
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5.2  Radioactive Gascous Effluent Monitoring' In’str’umentativ‘on

CONTROLS

Cs5.2 The radioactive gaseous effluent momtormg instrumentation channels shown i in _
Table A.5.2-1 shall be OPERABLE with their Alarm/Trip Setpoints set to ensure that the
~ . limits of Control C.7.1.1 are not exceeded. ‘-The Alarm/Trip Setpoints of these channels
meeting Control C.7.1.1 shall be determined and adjusted in accordance w1th the
methodology and parameters in the ODCM (Part B).

APPLICABILITY As shown in Table A. 5 2- 1

ACTION:

a.  With aradioactive gaseous effluent monitoring instrumentation channel Alarm/Trip
Setpoint less conservative than required by the above specification, immediately”
suspend the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel moperable

b.  With the number of OPERABLE radxoactxve gaseous efﬂuent monitoring
.- instrumentation channels less than the Minimum Channels OPERABLE, take the .
ACTION shown in Table A.5.2-1. Restore the inoperable 1nstrumentatlon to.,
OPERABLE status within 30 days or, if unsuccessful, explain in the next Annual
- Radioactive Effluent Release Report pursuant to Technical Specification 6.8.1.4
* ‘and Part A, Section 10.2, of the ODCM why this inoperability was not corrected in

a tlmely manner.

SURVEILLANCE REOUIREMENTS

S.5.2 ~ Each radioactive gaseous effluent monitoring instrumentation channel shall be
° ° demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE -
CHECK, CHANNEL CALIBRATION and CHANNEL OPERATIONAL TEST at the -

. ... frequencies shown i in Table A5, 2-2

BASES

Tt e

The radioactive gaseous effluent instrumentation is provided to monitor and control, as applicable, the
releases of radioactive matenals in gaseous effluents during actual or potential rcleases of gaseous
effluents. The Alarm/Trip Setpomts for these instruments shall be calculated and ad_gusted in accordance
with the methodology and parameters in the ODCM (Part B) 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 Ato .

10 CFR Part 50. The sensitivity of any noble gas activity monitors used to show comphance with the
gaseous effluént release requirements of Control C. 7 2.1 shall be such that’ concentratlons aslowas -

1 X 10 pCi/cc are measurable ' ‘
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The main condenser air evacuation radiation monitor, RM-6505, is included with the Turbine Gland Seal
Condenser Exhaust in Tables A.5.2-1 and A.5.2-2. Table A.5.2-1 defines the minimum channels operable
and the required actions for the radioactive gaseous effluent monitoring instrumentation. Table A.5.2-2
lists the surveillance requirements for this instrumentation.

It is recommended that the out-of-service time for RM-6505 be tracked for reporting per C.5.2. (Reference
ACR 96-197).

The Plant Vent Wide Range Gas Monitor (WRGM) design includes three ranges of noble gas monitors and
two ranges of iodine and particulate sampling filters. The noble gas monitor, the equipment necessary to
provide flow through three ranges of the noble gas monitors, and the iodine and particulate sample filters
all affect the operability of the WRGM. The various combinations of out-of-service components are

addressed in this clarification.

The WRGM noble gas activity monitor has three overlapping detector ranges: low, mid, and high.
UFSAR Table 12.3-15 lists the following ranges for the WRGM:

Low Range 107 - 107 pCi/cc
Mid Range 10° - 10°
High Range 10™ - 10°

The minimum number of operable channels for the noble gas activity monitor, the flow rate monitors and
the iodine sampler and particulate sampler is one, respectively .

The Controls do not list the specific WRGM noble gas activity monitor, the iodine/particulate sampler or
the flow rate monitor channels separately by an instrumentation identification tag number.

Heat tracing of the sample lines, from the plant vent to the WRGM, is not listed as a specific requirement
for WRGM operability. However, these circuits are necessary to ensure that the particulate and iodine
concentration of the sample reaching the WRGM is representative of the effluent. The purpose of heat
tracing is to ensure that the sample lines are free of moisture due to condensation. The low temperature
alarm setpoint is variable based on outside ambient air temperature, and ensures that the sample line tubing
metal temperature is high enough to prevent the moisture in the air from condensing inside of the sample
line. The ability to detect of noble gases is not affected by the operational status of the heat tracing circuits.

The heat tracing on the sample lines within the PAB (CP 433, circuit 55) is not required for WRGM
operation. (Engineering Evaluation, SS-EV-960017)

The following equipment normally defines an operational WRGM:

During routine releases,

-Sample flow through one of the particulate and iodine (P&]I) filters F-156-1,2,3 and
channel 1 (low range) noble gas (NG) detectors using pump P-240-2, and

-Sample flow through P&l filters F-156-7,8 using pump RM-P-391.
or in the event the noble gas activity is in the mid/high range,

-Sample flow through one of the particulate/iodine (P&I) filters F-156-4,5,6 and channels 2
or 3 (mid/high range) NG detectors using pump P-240-1, and

-Sample flow bypassing P&l filters F-156-7,8 using pump RM-P-391.
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At all times,

-Heat tracing (HT) on the sample :li.ntes‘"frrom the plant vent to the WRGM.

Note: Dewpoint measurements fmfy be used if heat tracing is out of service. (See the -

following table)

-Vent stack flow rate monitor.

-WRGM Sample flow rate for the éhaﬁnel(s) m service.

The table below lists the action required in the e‘vi;hﬁ that a WRGM component is out of service. -

QOut of Service Component

Low range NG detector

High range NG detector

Mid range‘NG detector

RM-P-391

P-240-1 (High range pump) -

P-240-2 (Low range pump) -

Action

Enter Actlon 33 Perform grab samplmg as requxred

Enter Actlon 33. The actions reqmred by Actlon 33 are sansﬁed

- provided the Low range NG detector provides continuous indication |

of the effluent concentrations, grab sampling not required. Inthe
unlikely event that elevated effluent concentrations above the
capability of the low range detector are present, then grab samphng

" or backup monitoring will/may be required. -

No action required, detection capablllty met by tbé bverlnpning

- ranges of the low and high NG detectors. (May need to ensure that

the hlgh range pump [RM-P-240-1] starts on increasing actxwty)

Enter Actxon 35 The mid and hlgh range partlculate and iodine

' samplmg capability is lost. If a low range P&I filter F-156-1,2 or 3
is in service then no further action is required. If the low range P&I .

filters are out of service then comply with Action 35 within one

-- hour.*

Enter Acflon 33 and 35 :Action 33is satxsﬁbd provxdéd thé low

. range NG detector provides continuous indication of the efﬂuent ,
concentrations, grab sampling is not reqmred Actlon 35is satlsﬁed ‘

if P-240-2 , and filters F-156-1,-2, or -3 arein semce 'If these P&I

- filters are out of service and the NG activity is in the low range, then |

ensure comphance with Action 35 within one hour of identifying the
~ out of service condition. In the unlikely event that elevated effluent -

- concentrations above the capability of the low range detector are

- -present, then, with P-391 operating, install a portable sample pump

across valves V28 and V29 to facilitate P&I grab sampling using
filters F-156-4,-5, or -6, and noble gas samplmg usmg the medmm

" and hlgh range detectors

Enter Action 33 and 35. Actlon 33 is satlsﬁed by performmg grab

~ 'samples. Action 35 is satisfied by ensuring the operation of P-391 .
* with filters F-156 7 & 8 in service w1th1n one hour of 1dent1fymg the
‘out-of-service condition. - y -
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HT circuit: Enter Action 36. Action 36 is satisfied and the WRGM may
CP-434 Ckt 28. remain OPERABLE with CP-434 Ckt 28 out of
- (Sample line temperature service provided that CP-426 Ckt 46 is
less than setpoint.) energized within 1 hr of the out-of-service condition.
Flow rate monitor and/or Comply with Action 32.

sampler flow rate monitor.

Action Statement 35 provides no guidance with regard to time required to initiate auxiliary sampling upon
failure of a monitor. A finite time is required to take the appropriate actions to initiate auxiliary sampling.
An interval of 60 minutes is a reasonable period of time in which to accomplish these actions provided that
no activity occurs during this period which could result in an increase in radiation release levels.

Since the intent of Action 35 is to allow continued release of gaseous effluents provided an alternate means
of continuous monitoring/collection capability is on-going during the release of radioactive gaseous
effluents, the 60 minute time frame for auxiliary sampling to be established is still a reasonable period of
time to complete the necessary manual actions to establish auxiliary sampling. If auxiliary sampling cannot
be established within 60 minutes then the initial action of immediately suspending the release of
radioactive gaseous effluents should be done, as specified in Action a. of C.5.2. It should be noted that for
lack of specified criteria the 60-minute time period is solely based on prudent engineering judgment for
completion of manual actions in order to satisfy the intent of Action 35. Operation beyond 60 minutes
without auxiliary sampling service would need to be justified by engineering calculation to ensure
continued compliance with 10 CFR Part 20 limits.

On those occasions when a radiation monitor or any system/component must be rendered inoperable to
perform a surveillance test, the Station Management Manual (SSMM) policy regarding "the use of
ACTION requirements to perform maintenance or a test" applies.

When a surveillance test must be performed on the WRGM, rendering it inoperable, Action 35 cannot be
fully satisfied because of the nature of testing is incompatible with the Action 35 required installation of
auxiliary sampling equipment. However, because the performance of the WRGM surveillance renders it
inoperable for only a short period of time (e.g., less than one hour), it is reasonable to allow the surveillance
test to be performed without the installation of the auxiliary sampling equipment. It should be noted that
neither C.5.2 Action a. nor Action b. requires the immediate establishment of auxiliary sampling.

However, if there is concemn that the results of surveillance testing activities will identify the
instrumentation as inoperable then it would be prudent to set up the auxiliary sampling equipment prior to
surveillance testing. The prudent action would prevent the potential situation of continued release of
gaseous effluents beyond 60 minutes without continuous monitoring/collection capability.

The current procedural method of collecting the grab sample from the plant vent release pathway requires
the shutdown of the compensatory sampling equipment pump (for pressure equilibrium purposes)
whenever a grab sample is to be withdrawn into the sample bottle. Shutting down the pump raises the
question as to whether this action contradicts the "continuous collection" requirement of Action 35.

Action 35 allow effluent release to continue provided samples are continuously collected (as required in
Table A.7.1-1) with auxiliary equipment whenever the number of channels OPERABLE is less than the
Minimum Channels OPERABLE requirement. Table A.7.1-1 requires that the sampling frequency be
continuous for iodine and particulate and a monthly grab sample for noble gasses (Kr and Xe). The ODCM
also requires that the ratio of the sample flow rate to the sampled stream flow rate be known/determined for
the time period covered by each dose or dose rate calculation made in accordance with C.7.1.1, C.7.2.1, and

C.7.3.1 (i.e., weekly and/or monthly).
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It must be noted that Action 35 pertains to the iodine and particulate samplers. For noble gas collection,
Action 33 is applicable which requires grab samples be taken once per 12 hours and analyzed for
radioactivity within 24 hours. Action 33 does not specify that auxiliary sampling for noble gas must be
continuous; therefore, the concem for "continuous” monitoring/collection is not applicable for auxiliary
sampling of noble gas. ol

Whenever the station is operating under the auspices of Action 35 the process of collecting grab samples by
the auxiliary sampling method necessitates, on occasions, the temporary disablement of permanent and/or
temporary equipment (e.g., installation, and disconnection of auxiliary sampling equipment, pressure
equalization, etc.) in order to achieve and comply with the requirements of Action 35. Therefore, actions
required (e.g. temporarily shutting down the sample pump in order to install / remove / equalize sample
bottles, thus interrupting continuous flow) to obtain a grab sample are not considered actions that are
contrary in meeting the intent of Action 35. : :

The temporary lowering of an RDMS channel setpoint, by RDMS data base manipulation to verify
alarm/trip functions, does not prevent the channel from continuously monitoring radiation levels (except:
WRGM). Additionally, when the setpoint is lowered below background radiation levels the associated trip
functions will actuate equipment in their required operating mode as if a high radlatlon condition exists.
The channel remains OPERABLE because monitoring and associated trip functions are not inhibited.
Refer to TS-142 for further details. Therefore, during performance of a RDMS channel DCOT, the LCO
remains satisfied. Entering an ACTION statement is not appropriate nor required (except for WRGM
DCOT). However, because the channel is in alarm status, increased operator vigilance is required to note
any increase in radiation levels during the DCOT survelllance period and to take remedlal actlons 1f

required.

C.5.2 ACTION Statement #33 is applied if RM-6504 is inoperable. The intent of the last sentence is that
RM-6503 may be used instead of taking a grab sample. It is not intended that RM-6503 be used in place of
RM-6504 and ACTION Statement #33 not entered.

RM-6504 monitors the radiation level of the gas stream at the outlet of the waste gas compressors., If a |
high radiation level is detected, RM-6504 automatically closes WG-FV-1602. The closing of -
WG-FV-1602 isolates a potential radiological release path to the environment. RM-6503, located at the
inlet to the waste gas compressor, provides alarm and monitoring functions only. It does not have the
ability to terminate a radlologlcal release. Therefore, it cannot be used as a substltute for RM- 6504

C5.2 ACTION b. permits operations’ to contmue for up to 30 days with an moperable instrument channel.
If the inoperable instrument is not returned to OPERABLE status within this time, a report must be
submitted explaining why the inoperability was not corrected in a timely manner. If RM-6503 were
considered a alternate for’ RM-6504 then operatrons could continue indefinitely without the ability to
automatically termmate a rad1010g1ca1 release Thxs is clearly not the intent of C. 52 ACTION

Statement #33. ; N - : Lo S : . . "

Table A.5.2-1, Radroéétrve Gaseoixs Efﬂu'ém Monitoring Inétrumentatleh specifically lists RM-6504 as the
instrument required to satlsfy the Limiting Condmon for operation. “This table also states that the monitor
provrde the functions of alarm and automatlc termmatxon of release. :
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TABLE A.5.2-1

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

MINIMUM CHANNELS
INSTRUMENT OPERABLE APPLICABILITY ACTION
1, (Not Used)
2. PLANT VENT-WIDE RANGE GAS MONITOR
a. Noble Gas Activity Monitor 1 * 33
b. lodine Sampler 1 * 35
C. Particulate Sampler 1 * 35
d. Flow Rate Monitor 1 * 32
€. Sampler Flow Rate Monitor 1 * 32,35
f Sample Linc Temperature 1 * 36
3. GASEOUS WASTE PROCESSING SYSTEM
(Providing Alarm and Automatic Termination
of Release - RM-6504)
a Noble Gas Activity Monitor (Process) 1 * 33
4. TURBINE GLAND SEAL CONDENSER EXHAUST
a. lodine Sampler 1 ok 35
b. Particulate Sampler 1 ok 35
C. Sampler Flow Rate Indicator o 32,35
d. Noble Gas Activity Monitor (RM 6505) 1 ll 34
* At all times.
*x (Not Used.)
b When the gland seal exhauster is in operation.
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ACTION 32

ACTION 33

ACTION 34

ACTION 35

ACTION 36 -

TABLE A.5.2-1
(Continued)

ACTION STATEMENTS

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

With the number of channels OPERABLE less than the Minimum Channels -
OPERABLE requirement, effluent releases via this pathway may continue provided
grab samples are taken at least once per 12 hours and these samples are analyzed for
radioactivity within 24 hours.: For RM-6504, RM-6503 may be used instead of
taking grab samples (see Bases for reporting requirements).

With RM-6505 INOPERABLE and the gland seal exhauster in operation, effluent
releases via the turbine gland seal condenser exhaust may continue provided grab -
samples from condenser air evacuation pump effluent are taken at least once per
12 hours, and analyzed for radioactivity within 24 hours.

With the number of channels OPERABLE less than the Minimum Channel_é
OPERABLE requirement, effluent releases via the affected pathway may continue
provided samples are continuously collected with auxiliary sampling equipment as

-required in this document.

Auxiliary sampling must be initiated within 60 minutes. Additionally, the auxiliary
sampling equipment need not be installed during surveillance activities provided the
surveillance testing is completed in less than one hour. Actions required (e.g.,
temporarily shutting down the sample pump in order to install / remove / equalize
sample bottles, thus interrupting continuous flow) to obtain a grab sample are not
considered actions that are contrary in meeting the intent of this Action.

Auxiliary sample equipment includes sample flow monitoring to provide
information used in the sample analysis. : -

If, for any reason, the sample line temperature cannot be maintained greater than 20°
above outside ambient air temperature, the WRGM may remain OPERABLE

provided dewpomt measurements are obtained every 12 hours verifying that.
conditions do not exist for condensation in the sample line with the inservice

operatmg sample pump (CXO901 38)
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TABLE A.5.2-2

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL SOURCE CHANNEL CHANNEL MODES FOR WHICH
INSTRUMENT CHECK CHECK CALIBRATION OPERATIONAL SURVEILLANCE IS
TEST REQUIRED

1 (Not Used)
2. PLANT VENT-WIDE RANGE GAS MONITOR

a. Noble Gas Activity Monitor D M R(3) Q(2) *

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

c. Particulate Sampler w N.A N.A. N.A. *

d. Flow Rate Monitor D N.A. R Q¥xxx *

e. Sampler Flow Rate Monitor D N.A. R ' Q¥ **x* *

f.  Sample Line Temperature N.A N.A. R N.A. *
3. GASEQOUS WASTE PROCESSING SYSTEM

(Providing Alarm and Automatic Termination of

Release)

a. Noble Gas Activity Monitor D N.A. R(5) Q) *

(Process)

4, TURBINE GLAND SEAL CONDENSER EXHAUST

a. lodine Sampler W NA N.A NA s

b. Particulate Sampler w N.A. N.A N.A. ok

c. Sampler Flow Rate Indicator D N.A N.A. N.A. k¥

d. Noble Gas Activity Monitor (RM 6505) D M R@3) Q(2) o
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TABLE A.5.2-2
(Continued)

TABLE NOTATIONS

At all times.

(Not Used.)
When the gland seal exhauster is in operation.

The CHANNEL OPERATIONAL TEST for the flow rate monitor shall consist of a verification
that the Radiation Data Management System (RDMS) indicated flow is consistent with the
operational status of the plant.

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and Control Room alarm annunciation occurs if the instrument indicates
measured levels above the normal or Surveillance test Alarm/Trip Setpoint.

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that Control Room
alarm annunciation occurs if the instrument indicates measured levels above the normal or

Surveillance test Alarm Setpoint.

The initial channel calibration for radioactivity measurement instrumentation shall include the
use of a known (traceable to National Institute for Standards and Technology) radioactive source
positioned in a reproducible geometry with respect to the sensor. These standards should permit
calibrating the system over its normal operating range of rate capabilities. For subsequent
channel calibrations, sources that have been related to the initial calibration shall be used.

(Not Used).

The CHANNEL CALIBRATION shall be performed using sources of various activities covering
the measurement range of the monitor to verify that the response is linear. Sources shall be used
to verify the monitor response only for the intended energy range.
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60 RADIOACTIVE LIQUID EFFLUENTS

6.1  Concentration

CONTROLS

C.6.1.1 The concentration of radloactlve matenal released in llquld effluents at the point of - :
discharge from the multlport dlfﬁ.lser (see Technical Specifications Figure 5.1-3)'shall be -
limited to not more than ten tlmes the concentrations specified in 10 CFR Part 20,
Appendix B, Table 2, Column 2, for radxonuchdes other than dissolved or entramed noble
gases. For dissolved or entramed noble gases the concentration shall be limited to

2X 10" pCi/ml total actmty

APPLICABILITY: Atall times. . =

ACTION:

" With the concentration of radioactive material released i in liquid effluents at the point of
discharge from the multiport dlffuser exceedmg the above hmlts restore the concentratlon
to w1thm the above hmlts wnhm 15 mmutes - :

SURVEILLANCE REQUIREMENTS

S.6.1.1 , Radioactive lxquxd wastes ‘shall be sampled and analyzed accordmg to the samplmg and
. analysis program specxﬁed in Table A 6 1-1. T . :

S.6.1.2 The results of the radloactmty analyses shall be used in accordance w1th the methodology
_ and parameters in Part B of the ODCM to assure that the concentrations at the pomt of
_ release are mamtamed w1th1n the llmlts of Control C.6.1. l - - L

BASES

This Control is provided to ensure that the concentration of radioactive materials released in liquid waste
effluents at the point of discharge from the multiport diffuser will be less than the concentration levels
specified in 10 CFR Part 20, Appendix B to 20, Table 2, Column 2 (most restrictive). 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 IL.A design objectives of
Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC, and (2) the limits of Appendix 1,

10 CFR 20.1301 and 20.1302 to the population. Those values assure a continuous discharge at those
concentrations (8760 hours per year). Pursuant to the requirements of 10 CFR 50.36a to maintain
effluent concentrations as low as reasonably achievable (ALARA), Appendix Ito10 CFR 50 specifies
dose values that are a small percentage of the dose limits in 10 CFR 20.1301. Consistent with

Appendix Ito10 CFR 50, to allow operational flexibility, this specification in conjunction with the dose
specification in Section C-6.2 permits an instantaneous concentration release rate up to a factor of ten
times greater than specified in 10 CFR 20, Appendix B, Table 2, Column 2 while continuing to limit the
total annual discharge to a small fraction of the allowable annual dose as specified in Appendix I.
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The concentration limit for dissolved or entrained noble gases is based upon the assumption that Xe-135
is the controlling radioisotope and its MPC in air (submersion) was converted to an equivalent
concentration in water using the methods described in International Commission on Radiological
Protection (ICRP) Publication 2. For technical requirements associated with the release of liquid
effluent, the method currently in use for controlling releases of dissolved and entrained noble gases is
suitable for demonstrating conformance to the requirements of the "new" 10 CFR 20, Appendix B ECL
concentration limits because the 2X10 1 Ci/ml criterion is based on the "old" MPC value for Xe-135 as
the driving radionuclide. Controlling liquid effluent to within the MPC values based on an
instantaneous release rate (i.e., no time averaging of effluent concentrations) is considered more
conservative than the requirements of the new Part 20 which have limits stated as effluent concentrations
averaged over a year. In other words, if discharged dissolved and entrained noble gas concentrations
remain within the instantaneous concentration limit of 2X10™*uCi/ml during the times that discharges
actually take place, then there is reasonable confidence that the annual average limits established by the
ECL values will also be met. This position is based on a June 30, 1993 letter from Thomas E. Murley
(then Director, Office of Nuclear Reactor Regulation) to Thomas E. Tipton of NEI, in which the NRC
responded to an industry inquiry on promulgation of a new Part 20.

Controls C.6.1.1 and C.5.1 provide controls to ensure that the concentration of radioactive materials
released in liquid waste effluents at the point of discharge from the multiport diffuser will be less than the
concentration levels specified in 10 CFR 20, Appendix B, Table 2, Column 2. As no LLD is specified for
the compensatory samples taken for an inoperable PCCW Head Tank Rate of Change Monitor, the LLD for

these samples must ensure that these limits are met.

Although the periodic Service Water System sample is counted to an LLD of 5x107uCi/cc, the
compensatory samples for inoperable SGBD Flash Tank and Turbine Building Sump Monitors are required
to be counted to an LLD of 1x107uCi/cc. This more restrictive limit will ensure that the limits of

10 CFR 20 are met during periods of PCCW Head Tank Rate of Change Monitor inoperability, thereby
ensuring compliance with the requirements of the respective Controls.

Counting the required grab samples to an LLD of 1x10”uCi/cc is therefore an acceptable method of
complying with these requirements; it is not necessary to meet the LLD of 1x10®8:Ci/cc specified as the
equivalent sensitivity of the PCCW Head Tank Rate of Change Monitor.
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

’ Y

TABLE A.6.1-1

Lower Limit of
_ ] . Minimum Analysis , - Detection
Liquid Release Type Sampling Frequency Frequency - Type of Activity Analysis (LLD)
' (uCi/ml)
A. 1. Liquid Radwaste Test Tanks P B Principal Gamma Emitters®”) 5x107
(WL-TK-63A+B) Each Batch . EachBatch
(BRS-TK58A+B)
SGBD Waste Holdup Sump
2. Neutralization Tank (TK-32) I;l 31 1x10°®
3. Low Conductivity Tank P M Dissolved and Entrained 1x10°
(TK-274) One Batch/M Gases (Gamma Emitters)
(Batch Release)® P M@ H3 1x10%
. Each Batch Composite
: Gross Alpha * ~ """ 1x107
P QW Sr-89,Sr-90 ] 5x10°
Each Batch Composite '
- Fe-55 1x10°
B. 1. Turbine Building Sump w o W Principal Gamma Emitters™ | 5x107.
Effluent® Grab Sample : ,
2. . Steam Generator Blowdown
(6X8)
3. Cfondensate Polishing / I-131 1x10°
. Steam Generator Blowdown ‘
Demineralizer Megarinse
&x12)
(Continuous Release) © \/ M Dissolved and Entrained 1x10°
. C Grab Sample Gases (Gamma Emitters) :
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

(Continued)
Lower Limit
of Detection
Minimum Analysis (LLD)®
Liquid Release Type Sampling Frequency Frequency Type of Activity Analysis (uCi/mil)

B.  (Continued) W M H-3 : 1x10°
Grab Sample

Gross Alpha 1x107

w Q) Sr-89, Sr-90 5x10°
Grab Sample

Fe-55 1X10°

C. Service Water"!'? W W Principal Gamma Emitters® 5x107
Grab Sample

1131 1x10°

W M Dissolved and Entrained 1x10°

Grab Sample ) Gases (Gamma Emitters)

w M H-3 1x10°
Grab Sample

Gross Alpha 1x107

w Q Sr-89, Sr-90 5x10°%
Grab Sample

Fe-55 1x10°
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TABLE A.6.1-1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

(Continued)
Lower Limit
Minimum Analysis of Detection
Frequency Type of Activity Analysis (LLD)®
Liquid Release Type Sampling Frequency - (uCi/ml)
D.  Subsurface Dewatering .‘ S M M Principal Gamma Emitters @ 5x107
C ' Grab Sample
H-3 - 2x10°
M ‘ M Gross Alpha 1x107
Grab Sample s -
z S Moo Q . Sr-89, Sr-90 5x10°®
g Grab Sample - s , . -
. | Fe-55 1x10°
P - Prior to Discharge
W - Weekly
M - Monthly
Q - Quarterly -
A.6-5
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations

M The LLD is defined, for purposes of these specifications, 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 percent probability with only 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

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

LLD= ExVx222 x‘:gff; x exp (-AAt)
Where:

LLD = the "a priori" lower limit of detection (microcurie per unit mass or volume),

4.66 =  aconstant derived from the Kaipha and Kyeia values for the 95% confidence
level;

S, = the standard deviation of the background counting rate or of the counting rate
of a blank sample as appropriate (counts per minute),

E = the counting efficiency (counts per disintegration),

vV = the sample size (units of mass or volume),

2.22x 10° = the number of disintegrations per minute per microcurie,

Y = the fractional radiochemical yield, when applicable,

A = the radioactive decay constant for the particular radionuclide (s™), and

At = the elapsed time between the midpoint of sample collection and the time of

counting(s).
Typical values of E, V, Y, and A t 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.

@) A batch release is the discharge of liquid wastes of a discrete volume. Prior to sampling for
analyses, cach batch shall be isolated, and then thoroughly mixed to assure representative
sampling.
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM*
(Continued)

Notations °
(Continued)

_ The principal gamma emitters for which the LLD specification applies include the following

radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and -
Ce-144. This list does not mean that only these nuclides are to be considered. Other gamma
peaks that are identifiable, together with those of the above nuclides, shall also be analyzed and
reported in the Annual Radioactive Effluent Release Report in accordance with Technical
Specification 6.8.1.4. Isotopes which are not detected should be reported as "not detected.”
Values determined to be below detectable levels are not used in dose éalculations. ‘

A comﬁos.ite 'sample:is‘ oné in whieli the quaritity of liquid sampled 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.

A continuous release is the dlscharge of liquid wastes of a nondiscrete vVolume; e. g from a
volume of a system that has an input flow dunng the continuous release. ‘

Sampling and analysis is only reqmred when Steam Generator Blowdown is dnrected to the
discharge transition structure. ST ,

Principal gamma emitters shall be analyzed weekly in Service Wafer. Sample and analysis
requirements for dissolved and entrained gases, tritium, gross alpha, strontium 89 and 90, and
Iron 55 shall only be required when analysis for principal gamma emitters exceeds the LLD.

The following are additional sampling and analysis requirements:

a.

b.

PCCW sampled and analyzed weekly for principal gamma emitters.

Sample Service Water System (SWS) daily for principal gamma emitters whenever
primary component cooling water (PCCW) activity exceeds 1x10™ uClcc.

With the PCCW System radiation monitor inoperable, sample PCCW and SWS daily for
principal gamma emitters.

With a confirmed PCCW/SWS leak and PCCW activity in excess of 1x10™ nClec, sample
SWS every 12 hours for principal gamma emitters.

The setpoint on the PCCW head tank liquid rate-of-change alarm will be set to ensure that
its sensitivity to detect a PCCW/SWS leak is equal to or greater than that of an SWS
radiation monitor, located in the unit's combined SWS discharge, with an LLD of
1x10'8_p.C/cc. If this sensitivity cannot be achieved, the SWS will be sampled once every
12 hours.
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

If the Turbine Building Sump, Steam Generator Blowdown Flash Tank, Steam Generator
Blowdown Demineralizer Megarinse, or Condensate Polishing Demineralizer Megarinse isolate
due to high concentration of radioactivity, that liquid stream will be sampled and analyzed for
Iodine-131 and principal gamma emitters prior to release.

Quarterly composite analysis requirements shall only be required when analysis for principal
gamma emitters indicate positive radioactivity.

A grab sample can be considered as a combination of aliquots taken from each SW train during
the same collection cycle or as individual samples taken from each train in service.

Principal gamma emitters and tritium shall be analyzed monthly in subsurface dewatering
samples. Sample analysis requirements for gross alpha, strontium 89 and 90, and Iron 55 shall
only be required when analysis for principal gamma emitters exceeds the LLD.

Condensate Polishing Demineralizer or Steam Generator Blowdown Megarinse water shall be
sampled and analyzed for principal gamma emitters and I-131 prior to initiation of the megarinse
discharge to the circulating water system
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6.2 Dose
CONTROLS

C.6.2.1 = Thedose or dose'commnment to a MEMBER OF THE PUBLIC from radioactive materials
" in liquid effluents released, from each unit, to UNRESTRICTED AREAS (see Techmcal
Specification Figure 5. 1-3) shall be llmlted '

a. During any calendar quarter to less than or equal to 1.5 mrems to the whole body
" andto 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 whole body and to
less than or equal to ]0 mrems to any organ :

APPLICABILITY At all times.

ACTION:

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 6.8.2, 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.

SURVEILLANCE REQUIREMENTS

S.6.2.1 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 Part B of the ODCM at least once per 31 days.
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BASES

This Control is provided to implement the requirements of Sections ILA, lIILA, and IV.A of Appendix |
to 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 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. The dose
calculation methodology and parameters in the ODCM implement the requirements in Section IILA 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 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 L," 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 L," April 1977.
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6.3  Liquid Radwaste Treatment System  °

CONTROLS

C.6.3.1 The Liquid Radwaste Treatment System shall be OPERABLE and appropnate portions of
. the system shall be used to reduce releases of radioactivity when the projected doses due to

the liquid effluent to UNRESTRICTED AREAS (see Technical Specxﬁcanon Figure 5.1-3) -

- would exceed 0.06 mrem to the whole body or 0.2 mrem to any organ, ina 31 day period.

APPLICABILITY:  Atall times.

ACTION:

With radioactive liquid waste being discharged without treatment and in excess of the
above limits and any portion of the Liquid Radwaste Treatment System which could
reduce the radioactive liquid waste discharged not in operation, prepare and submit to the
Commission within 30 days, pursuant to Specification 6.8.2, a Special Report that includes
the following information: :

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

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

S

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

SURVEILLANCE REQUIREMENTS

S.6.3.1 Doses due to liquid releases from each unit to UNRESTRICTED AREAS shall be
projected at least once per 31 days in accordance with the methodology and parameters in
Part B of the ODCM when Liquid Radwaste Treatment Systems are not being fully utilized.

S.6.3.2 The installed Liquid Radwaste Treatment System shall be considered OPERABLE by
meeting Controls C.6.1.1 and C.6.2.1.

-~
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BASES

The OPERABILITY of the Liquid Radwaste Treatment System ensures that this system will be available
for use whenever liquid effluents require treatment prior to 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 10 CFR 50.36a, General Design Criterion 60 of

Appendix A to 10 CFR Part 50, and the design objective given in Section IL.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 A to 10 CFR Part 50 for liquid effluents.
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7.0 RADIOACTIVE GASEOUS EFFLUENTS

7.1 Dnse Rate

. CONTROLS

C.7.1.1

" : The dose rate due to radloactlve matenals released in gaseous efﬂuents from the site to

_ shall be limited to the following:

areas at and beyond the SITE BOUNDARY (see Technical Specrﬁcatlon Figure 5.1- 1)

a. For noble gases Less than or equal to 500 mrems/yr to the whole body and less
than or equal to 3000 mrems/yr to the skm, and
b. For Iodme 131, for Iodrne-l33 ‘for tntlum and for all radlonuchdes in particulate :
- form w1th half Ilves greater than 8 days: Less than or equal to 1500 mrems/yr to !
any organ

APPLICABILITY Atalltlmes : ‘. SR ; - o . %

ACTION ION

With the dose rate(s) exceeding the above limits, decrease the release rate within
15 minutes to within the above limit(s).

SURVEILLANCE REQUIREMENTS

S.7.1.1

S.7.1.2

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 Part B of the ODCM.

The dose rate due to Jodine-131, Iodine-133, tritium, and all radionuclides in particulate
form with half-lives greater than 8 days in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the ODCM
by obtaining representative samples and performing analyses in accordance with the
sampling and analysis program specified in Table A.7.1-1.
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BASES

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 2, Column 1. These limits provide reasonable assurance that
radioactive material discharged in gaseous effluents will not result in the exposure of a MEMBER OF
THE PUBLIC in an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, to
annual average concentrations exceeding the limits specified in Appendix B, Table 2 of 10 CFR Part 20
(10 CFR Part 20.1302[c]). For MEMBERS OF THE PUBLIC who may at times be within the SITE
BOUNDARY, the occupancy of the MEMBER OF THE PUBLIC will usually be sufficiently low to
compensate for any increase in the atmospheric diffusion factor above that for the SITE BOUNDARY.
Examples of calculations for such MEMBERS OF THE PUBLIC, with the appropriate occupancy
factors, shall be given in the ODCM. The specified release rate limits restrict, at all times, the
corresponding gamma and beta dose rates above background to a MEMBER OF THE PUBLIC at or
beyond the SITE BOUNDARY to less than or equal to 500 mrems/year to the whole 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 above background to a child via the inhalation pathway to less than or

equal to 1500 mrems/year.
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TABLE A7.1-1
RADIOACTIVE GASEQUS WASTE SAMPLING
AND ANALYSIS PROGRAM
Gaseous Release Type | Sampling Frequency | Minimum Analysis | © " Type of Activity Lower Limit of
Frequency ' Analysis Detection®”
_ (LLD) (uCi/cc)
1. PlantVent ' MO M Principal Gamma 1x10™
R ~ Grab Sample Emitters® AR
_ H-3 1x10°
Contiruous® . we k31 1x10712
e . . Charcoal Sample . e el - e e e
Continuous®™ WO Principal Gamma 1x10™"
‘ Particulate Sample | Emitters® T
Continuous®™ M- Gross Alpha 1x10™"
oo Composite o

| Particulate Sample |- '
Continuous® Q | Sr:89,Sr-90 1x10™M!

- e - Composite: C o -
'| Particulate Sample '
2. Condenser Air . . e MO o MO | Principal Gamma 1x10%
Removal Exhaust - Grab Sample - - Noble Gases - | Emitters® SR
H-3 1x10°

SAT3
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TABLE A.7.1-1

RADIOACTIVE GASEOUS WASTE SAMPLING

AND ANALYSIS PROGRAM
(Continued)
Gaseous Release Type | Sampling Frequency | Minimum Analysis Type of Activity Lower Limit of
Frequency Analysis Detection" (LLD)
(uCilcce)
3. Gland Steam Packing Continuous W Principal Gamma 1x10™"
Exhauster Particulate Sample | Emitters®
Continuous W [-131 1x10°12
Charcoal Sample
Continuous M Gross Alpha 1x10™"
Composite
Particulate Sample
Continuous Q Sr-89, Sr-90 1x10™"
Composite
Particulate
Sample®
4, Containment Purge p® P Principal Gamma 1x10™
Each Purge Grab Each Purge Emitters®
Sample
H-3 (oxide) 1x10°
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TABLE A.7.1-1
RADIOACTIVE GASEOUS WASTE SAMPLING
AND ANALYSIS PROGRAM
(Continued)

Notations

The LLD is defined, for purposes of these specifications, as the smallest .concentration of

. radioactive material in a sample that wxll yield a net count, above system background that will be
. detected with 95 percent probablhty with only 5 percent probability of falsely conc]udmg that a

blank observation represents a "real” 51gna1
For a particular meae'ilreknent Systern, vihich may include radiochemical separation:

y -

1LD = 4.66S,
ExVx222x10° xYxexp(-Mt)
Where:
"LLD = - ‘the"a pﬁoﬁ;’-loWef limit of detection (microcurie per unit rnasé'or volnme),
4.66 = a constant denved from the K,,lpha and Kbcta values for the 95% conﬁdence
" level;
Sy = the standard deviation of the background counting rate or of the countmg rate
of a blank sample as appropnate (counts per minute), .
E =  the counting efficiency (counts per disintegration),
V = the sample size (units of mass or volume), =

222x1 06 = the number of disintegrations per minute per microcurie,

Y = the fractlonal radlochemleal yle]d when apphcab]e
A = - the radloactlve decay constant for the partlcular radlonucllde (s ) and

At = the e]apsed time between the midpoint of sample collection and the time of
C counting(s). - - : - : :

Typical values of E, V,Y, and At should be uscd 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 (aﬁer the fact) 11m1t fora
particular measurement.
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TABLE A.7.1-1
RADIOACTIVE GASEOQUS WASTE SAMPLING
AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

The principal gamma emitters for which the LLD specification applies include the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 in noble gas releases and
Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo0-99, 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 Annual Radioactive Effluent Release Report in
accordance with Technical Specification 6.8.1.4 and Part A, Section 10.2 of the ODCM.
Isotopes which are not detected should be reported as "not detected.” Values determined to be
below detectable levels are not used in dose calculations.

Sampling and analysis shall also be performed following shutdown, startup, or a THERMAL
POWER change exceeding 15 percent of RATED THERMAL POWER within a one hour period
unless; 1) analysis shows that the DOSE EQUIVALENT I-131 concentrations in the primary
coolant has not increased more than a factor of 3; 2) the noble gas activity monitor for the plant
vent has not increased by more than a factor of 3. For containment purge, requirements apply
only when purge is in operation.

Tritium grab samples shall be taken at least once per 24 hours when the refueling canal is
flooded.

The ratio of the sample flow rate to the sampled stream flow rate shall be known for the time
period covered by each dose or dose rate calculation made in accordance with Controls C.7.1.1,

C.7.2.1,and C.7.3.1.

Samples shall be changed at least once per seven (7) days and analyses shall be 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 seven (7) days following each shutdown, startup, or
THERMAL POWER change exceeding 15 percent of RATED THERMAL POWER within a
one-hour period and analyses shall be completed within 48 hours of changing. When samples
collected for 24 hours are analyzed, the corresponding LLDs may be increased by a factor of 10.
This requirement does not apply if 1) analysis shows that the DOSE EQUIVALENT I-131
concentration in the reactor 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.

Samples shall be taken prior to start-up of condenser air removal system when there have been
indications of a primary to secondary leak.

Quarterly composite analysis requirements shall only be required when analysis for principal
gamma emitters indicate positive radioactivity.
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7.2 Dose - Noble Gases

~ CONTROLS -

C.7.2.1  Theair dose due to noble gases released in gaseous effluents to areas at and beyond the
SITE BOUNDARY (see Technxcal Specnf ication Flgure 5.1-1) shall be llmlted to the

 following:

a.  During any calendar quarter Less than or equal to5 mrads for gamma radlatxon
‘and less than or equal to 10 mrads for beta radlatnon and

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

APPLICABILITY At all times.. - e ‘ )
ACTION: . | '

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 6.8.2, a Special Report that identifies the causc(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.

SURVEILLANCE REQUIREMENTS

S.7.2.1 Cumulative dose contributions for the current calendar quarter and current calendar year for
noble gases shall be determined in accordance with the methodology and parameters in
Part B of the ODCM at least once per 31 days.
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BASES

This Control is provided to implement the requirements of Sections IL.B, III.A, and IV.A of Appendix I
to 10 CFR Part 50. The Control implements the guides set forth in Section I.B of Appendix I. The
ACTION statements provide the required operating flexibility and at the same time implement the
guides set forth in Section [V.A of Appendix I at the SITE BOUNDARY that the relcases of radioactive
material in gaseous effluents to UNRESTRICTED AREAS will be kept as low as reasonably achievable.
The Surveillance Requirements implement the requirements in Section II.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 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 L," Revision 1, October 1977, and Regulatory
Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Relecases from Light-Water Cooled Reactors,” Revision 1, July 1977. The ODCM equations
provided for determining the air doses at and beyond the SITE BOUNDARY are based upon the
historical average atmospheric conditions.
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73  Dose- Iodine-131, Jodine-133, Tritium, and Radioactive Material in Particulate Form

CONTROLS

C.7.3.1 - 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 to areas at and beyond the SITE BOUNDARY (see Technical Spemﬁcatlon Figure
. 5.1-1) shall be limited to the following:

) .'z’z.' Dunng any calendar quarter Less than or equal to 7. 5 mrems to any organ and

b . During any ealendar yeai;: Le_ss than or cqual to 15 mrems to any organ.

APPLICABILITY: At all times.

ACTION:

With the calculated dose from the release of Iodine-131, Jodine-133, tritium, and . .

" radionuclides in particulaté 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 6.8.2, 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. : n '

SURVEILLANCE REQUIREMENTS

S.73.1°  Cumulative dose contnbutlons 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 i in accordance with the methodology and parameters in
Part B of the ODCM at least once per 31 days.’
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BASES

This Control is provided to implement the requirements of Sections II.C, III.A, and IV.A of Appendix I
to 10 CFR Part 50. The Controls are the guides set forth in Section IL.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 at
the SITE BOUNDARY will be kept as low as reasonably achievable. The ODCM calculation 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 duc 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 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 that were examined in the development of the

calculations were
(1) individual inhalation of airborne radionuclides,

(2) deposition of radionuclides onto green leafy vegetation with subsequent consumption by
man, :

(3) deposition of radionuclides onto grassy areas where milk animals and meat-producing
animals graze followed by human consumption of that milk and meat, and

(4)  deposition of radionuclides on the ground followed by subsequent human exposure.
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7.4  Gaseous Radwaste Treatment System

CONTROLS

C.74.1 The VENTILATION EXHAUST TREATMENT SYSTEM and the GASEOUS -

RADWASTE TREATMENT SYSTEM shall be OPERABLE and appropriate portloné. of .

these system shall be used to reduce releases of radioactivity when the projected doses in
31 days due to gaseous effluent releases to areas at and beyond the SITE BOUNDARY :
(see Techmcal Specnﬁcatlon Flgure 5.1- 1) would exceed : : ,

| a. O 2 mrad to air from gamma radlatlon or
b. 0.4 mrad to air from beta radiatibh, or
c. 0.3 mrem to any organ of a MEMBER OF THE PUBLIC.
APPLICABILITY: At all times.

ACTION:

With radioactive gaseous waste being discharged without treatment and in excess of the
above limits, prepare and submit to the Commission within 30 days, pursuant to
Specification 6.8.2, a Special Report that includes the following information:

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

b.  Action(s) taken to restore the inoperable equipment to OPERABLE status, and
c.  Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

S.74.1 Doses due to gaseous releases from each unit to areas at and beyond the SITE
BOUNDARY shall be projected at least once per 31 days in accordance with the
methodology and parameters in Part B of the ODCM when Gaseous Radwaste Treatment
Systems are not being fully utilized.

S.7.4.2 The installed VENTILATION EXHAUST TREATMENT SYSTEM and GASEOUS
RADWASTE TREATMENT SYSTEM shall be considered OPERABLE by meeting
Controls C.7.1.1, and C.7.2.1, or C.7.3.1.
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BASES

The OPERABILITY of the GASEOUS RADWASTE TREATMENT SYSTEM and the
VENTILATION EXHAUST TREATMENT SYSTEM ensures that the systems 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 10 CFR 50.36a, General Design Criterion 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 govening the use of appropriate portions of the systems were
specified as a suitable fraction of the dose design objectives set forth in Sections IL.B and II.C of
Appendix I to 10 CFR Part 50, for gaseous effluents.
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8.0 TOTAL DOSE

CONTROL

C.8.1.1

APPLICABILITY: Atall times.

ACTION:

. The annual (calendar year) dose or dose commrtment to any MEMBER OF THE PUBLIC
due to releases of radioactivity and to radratlon from uranium fuel cycle sources shall be

limited to less than or equal to 25 mrems to the whole body or any organ, except the -
thyroid, which shall be llmlted to ]ess than or equal to 75 mrems.

L
DOREPEEY S
- ’

With the calculated doses from the release of radioactive materials in liquid or gaseous

effluents exc'eéd_ing twice the lirriit_s of Controls C.6.2.1.a, C.6.2.1.b, C.7.2.1.a, C.7.2.1.b, .
C.7.3.1.a, or C.7.3.1.b, calculations shall be made including direct radiation contributions

from the mnits and from outside storage tanks to determine whether the above limits of

- -Control C.8:1.1 have been exceeded. If such is the case, prepare and submit to the
‘Commission within 30 days, pursuant to Technical Specification 6.8.2, 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 20.405(c), - -

shall include an analysis that estimates the radiation exposure (dose) to a MEMBER OF

THE PUBLIC from uranium fuel cycle sources, including all effluent pathways and direct -

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

accordance with the provisions of 40 CFR Part 190. Submittal of the report is considered a

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

SURVEILLANCE REQUIREMENTS

S.8.1.1

S.8.1.2

Cumulative dose contributions from liquid and gaseous effluents shall be determined in
accordance with Surveillance Requirement S.6.2.1, S.7.2.1, and S.7.3.1, and in accordance
with the methodology and parameters in Part B of the ODCM.

Cumulative dose contributions from direct radiation from the units and from radwaste
storage tanks shall be determined in accordance with the methodology and parameters in
Part B of the ODCM. This requirement is applicable only under conditions set forth in

.ACTION a. of Control C.8.1.1.
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BASES

This Control is provided to meet the dose limitations of 40 CFR Part 190 that have been incorporated
into 10 CFR Part 20 by 46FR18525. The specification requires the preparation and submittal of a
Special Report whenever the calculated doses due to releases of radioactivity and to radiation from
uranium fuel cycle sources exceed 25 mrems to the whole body or any organ, except the thyroid, which
shall be limited to less than or equal to 75 mrems. For sites containing up to four reactors, it is highly
unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the dose limits of 40 CFR
Part 190 if the individual reactors remain within twice the dose design objectives of Appendix I, and if
direct radiation doses from the units (including outside storage tanks, etc.) are kept small. The Special
Report will describe a course of action that should result in the limitation of the annual dose to a
MEMBER OF THE PUBLIC to within the 40 CFR Part 190 limits. For the purposes of the Special
Report, it may be assumed that the dose commitment to the MEMBER OF THE PUBLIC from other
uranium fuel cycle sources is negligible, with the exception that dose contributions from other nuclear
fuel cycle facilities at the same site are 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 190.11 and 10
CFR 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 C.6.1.1 and C.7.1.1. Anindividual is not considered a MEMBER OF THE PUBLIC during
any period in which he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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9.0 RADIOLOGICAL ENVIRONMENTAL MONITORING
9.1 . Monitering Program

CONTROL

C.9.1.1 The Radlologrcal Envrronmental Monltormg Program (REMP) shall be conducted as
specified in Table A. 9 1- l '

APPLICABILITY: At all times.
ACTION:

a. With the REMP not being conducted as specified in Table A.9.1-1, prepare and
- submit to the Commission, in the Annual Radiological Environmental Operating
Report required by Technical Specrﬁcatron 6.8.1.3 and Part A, Section 10.1 of the
~ 'ODCM, a description of the reasons for not conductmg the program as required *
' and the plans for prcventmg a recurrence

b. With the level of radloactmty as the result of plant effluents in an environmental

sampling medium at a specified location exceeding the reporting levels of
Table A.9.1-3 when averaged over any calendar quarter, prepare and submit to the™
Commission within 30 days from receipt of the laboratory analyses, pursuant to
Technical Specification 6.8.2, a Special Report that identifies the cause(s) for

( . S exceeding the limit(s) and defines the corrective actions to be taken to reduce '

. A . radioactive effluents so that the potential annual dose* to a MEMBER OF THE
PUBLIC is less than the calendar year limits of Control C.6.2.1, C.7.2.1, or
C.7.3.1. When more than one of the radionuclides i in the REMP are detected in the'
sampling medium, this report shall be submitted if =

concentration (1) _ concentratron (2)
reporting level (1) + reportmg level (2) +.2 L 0

When radionuclides other than those listéd in the REMP 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 Control C.6.2.1,C. 7.2.1, or C.7.3.1. This report is not
required if the measured Ievel 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 required by Technical
Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM.

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

P

-

A9:1 ODCM Rev. 28



ACTION: (Continued)

With milk or fresh leafy vegetable samples unavailable from one or more of the
sample locations required by the REMP, identify specific locations for obtaining
replacement samples and add them within 30 days to the REMP given in the
ODCM. The specific locations from which samples were unavailable may then be
deleted from the monitoring program. Pursuant to Technical Specification 6.13,
and Part A, Section 10.2, of the ODCM, submit in the next Annual Radioactive
Effluent Release Report documentation for a change in the ODCM including a
revised figure(s) and table for the ODCM reflecting the new location(s) with
supporting information identifying the cause of the unavailability of samples and
justifying the selection of the new locations(s) for obtaining samples.

SURVEILLANCE REQUIREMENTS

S.9.1.1 The radiological environmental monitoring samples shall be collected pursuant to
Table A.9.1-1 from the specific locations given in the table and figure(s) in Part B of the
ODCM, and shall be analyzed pursuant to the requirements of Table A.9.1-1 and the
detection capabilities required by Table A.9.1-2.

BASES

The REMP 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 plant operation. This
monitoring program implements Section IV.B.2 of Appendix I to 10 CFR Part 50, and thereby
supplements the REMP by verifying that the measurable 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 Radiological Assessment Branch Technical Position on Environmental Monitoring, Revision 1,
November 1979. 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.

Detailed discussion of the LLD and other detection limits can be found in Currie, L.A., "Lower Limit of
Detection: Definition and Elaboration of a Proposed Position for Radiological Effluent and
Environmental Measurements," NUREG/CR-4007 (September 1984).
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TABLE A.9.1-1
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway and/or Number of Representative Samples and Sampling and Collection Type and Frequency of
Sample T - ~Sample Locations® ' : Frequency Analysis
1. DIRECT RADIATION® | 40 routine monitoring stations with two or Quarterly. Gamma dose quarterly.

more dosxmetets placed as follows

'An inner nng of statlons, one in each ,
meteorological sector in the general area of
the Sl'I‘E BOUNDARY; .

;An outer rmg of statlons, oneineach
DR ‘meteorological sector, generally in the 6 to
= e .. . |'8-kmrange from the site; . .

"The balance of the stations to be placed in
'special interest areas such as population
:centers, nearby resndences -schools, and
“control locations.

2.  AIRBORNE

Radioiodine and Samples from five locations®; Continuous sampler Radioiodine Canister;
Particulates - operation with sample
' o | Three samples from close to the three SITE | collection biweekly I-131 analysis biweekly
BOUNDARY locations, in different sectors, (approx. 14 days), or (approx. 14 days).
of hlgh calculated long-term average . more frequently if -
ground-level DQ. . .. . required by dust loading. Particulate Sampler:
| One sample from the vicinityofa =~~~ | Gross beta radioactivity
community having the highest calculated N - | analysis following ﬁlter

long-tefm avermge ground-level D/Q . o | | S 31::5:3 isotopic analysis® of
' composite (by locatlon)
quarterly.
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TABLE A.9.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

(Continued)

Exposure Pathway and/or "Number of Representative Samples and Sampling and Collection Type and Frequency of
Sample Sample Locations® Frequency Analysis
2. (Continued) One sample from a control location, as for
example 15-30 km distant and in the least
prevalent wind direction.
3. WATERBORNE
a.  Surface One sample in the discharge area. One Monthly grab sample. Gamma isotopic analysis®
sample from a control location. monthly. Composite for
tritium analysis quarterly.
b.  Sediment from One sample from area with existing or Semiannually. Gamma isotopic analysis®
shoreline potential recreational value. semiannually.
4. INGESTION
a. Milk Samples from milking animals in three Semimonthly when Gamma isotopic® and I-131

locations within 5 km distance having the
highest dose potential. If there are none,
then, one sample from milking animals in
each of three areas between 5 to 8 km
distant where doses are calculated to be
greater than 1 mrem per yr.f

One sample from milking animals at a
control location, as for example, 15-30 km
distant and in the least prevalent wind
direction.

milking animals are on
pasture, monthly at other
times.

analysis on each sample.
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TABLE A.9.1-1
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
(Continued)
Exposure Pathway and/or. | Number of Representative Samples and - | Sampling and Collection | - Type and Frequency of
Sample. Sample Locations® Frequency Analysis
4. (Continued) ~ ° ‘ One sample of each of three commercially | Sample in season, or Gamma isotopic analysis® on
SRTRIIE P and recreationally important species in semiannually if they are | edible portions.
b. ~ Fishand- [ vicinity of plant discharge area.. .. . | notseasonal,
Invertebrates ' :
: One sampl'e‘of similar species in areas not -
- | influenced by plant discharge. - - .
c. Food Products Samples of three (if practical) different Monthly, when available. | Gamma isotopic® and I-l 31
Coienmrn et o L kinds of broad leaf végetation® grown - ¢ | Sewt | analysis: ' )
A nearest each of two different off-site ‘

. -..-~ | locations of highest predicted long-term e e e
.~ .| average ground-level D/Q 1fm11ksamp1mg e o
o |dsm not performed. .

One sample of each of the sxmllar broad leaf | Monthly, when available. Gamma isotopic® and I-131
) vegetatlong grown at a control location, as - . | analysis. '
for example 15-30 km distant in the least - | o
- prevalent wind direction, if milk samplmg
| is not performed.
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TABLE A.9.1-1
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
(Continued)

Table Notations

Specific parameters of distance and direction sector from the centerline of the Unit 1 reactor, and additional description where pertinent,
shall be provided for each and every sample location in Table B.4-1 in the ODCM, Part B. Deviations arc permitted from the required
sampling schedule if specimens are unobtainable due to circumstances such as hazardous conditions, seasonal unavailability and
malfunction of automatic sampling equipment. If specimens are unobtainable due to sampling equipment malfunction, effort shall be
made to complete corrective action prior to the end of the next sampling period. All deviations from the sampling schedule shall be
documented in the Annual Radiological Environmental Operating Report as specificd in Part A, Section 10.1. It is recognized that, at
times, it may not be possible or practicable to continue to obtain samples of the media of choice at the most desired location or time. In
these instances suitable alternative media and locations may be chosen for the particular pathway in question and appropriate substitutions
made within 30 days in the Radiological Environmental Monitoring Program. Identify the cause of the unavailability of samples for that
pathway and identify the new location(s), if available, for obtaining replacement samples in the next Semiannual Radioactive Effluent

Release Report as specified in Part A, Section 10.2 and also include in the report a revised figure(s) and table for the ODCM reflecting the
new location(s).

A thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a packet are considered as two or
more dosimeters.

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

Optimal air sampling locations are based not only on D/Q but on factors such as population in the area, year-round access to the site, and
availability of power.

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

The dose shall be calculated for the maximum organ and age group, using the methodology and parameters in thc ODCM, Part B.

If broad leaf vegetation is unavailable, other vegetation will be sampled.
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TABLE A.9.1-2
.DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS”’fg

Lower lelt of Detection (LLD)®

: . , Fish and - _ . -
. Water - Airbome Particulate or _ Invertebrates Milk . Food Products - Sediment
Analysis ¢ (pCi/kg) Gas (pCi/kg, wet) - (pCi/kg, wet) (pCi/kg) (pCi/kg, wet) - (pCi/kg, dry)

Gross Beta - | 4 .00

H-3 3,000 ‘ |
Mns4 15 Sk S 130
Fe-59 L 30 T 260
Cost,60 . . 13 S T 130
Zn-65 . 30 | S a0
ZeNb9s ¢ . 1S | |

M3t - 15 o 0.07 - Y I

Cs-134+ - s - 0.05 130 15 60 150
137 18 Loe6 150 8 s . 180
Balald0 - 15 S 15%4 | |
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS
(Continued)

Table Notations

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

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

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

4.66 Sb

LLD=
ExVx 2.22 x10° x Yxexp(- 1At)

Where:

LLD is the "a priori" lower limit of detection as defined above, as picocuries per unit mass
or volume;

4.66 is a constant derived from the Kjjpha and Kpeta values for the 95% confidence level;

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

E is the counting efficiency, as counts per disintegration;

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

2.22 is the number of disintegrations per minute per picocurie;

Y is the fractional radiochemical yield, when applicable;

A is the radioactive decay constant for the particular radionuclide as per second; and

At for environmental samples is the elapsed time between sample collection and time of
counting, as seconds.

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

In calculating the LLD for a radionuclide determined by gamma ray spectrometry, the
background shall include the typical contributions of other radionuclides normally present in the
samples (e.g., Potassium-40 in milk samples).
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS
(Continued)

Table Notations
(Continued)

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. This does not preclude the calculation of an a posteriori LLD fo;'{a
particular measurement based upon the actual parameters for the sample in question and -
appropriate decay correction parameters such as decay while sampling and during analysns
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 mterfermg nuclides, or other uncontrollable circumstances may render these LLDs
unachievable. In such cases, the contributing factors shall be identified and described in the
Annual Radiological Environmental Operating Report per Part A, Section IO 1 ‘

Parent only.

The Ba-140 LLD and concentration can be determined by the analysis of its shdft-live_d daughter
product La-140 subsequent to an eight-day period following collection. The calculation shall be
predicated on the normal ingrowth equations for a parent-daughter situation and the assumption
that any unsupported La-140 in the sample would have decayed to an insignificant amount (at
least 3.6% of its original value). The ingrowth equations will assume that the supported La-l40
activity at the time of collection is zero. R

Broad leaf vegetation only

If the measured concentration minus the three standard deviation uncenamty is found to exceed
the specified LLD, the sample does not have to be analyzed to meet the specified LLD. ,'

Requ'ired detection capabilities for thermoluminescent dosimeters used for environme‘nted
measurements shall be in accordance with recommendations of Regulatory Guide 4.13, . ..
Revision 1, July 1977. : '
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TABLE A9.1-3
REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRONMENTAL SAMPLES

Analysis Water Airborne Particulate or Gas Fish and Milk Food Products

(pCi/kg) (pCi/kg, wet) Invertebrates (pCi/kg) (pCi/kg, wet)
(pCi/kg, wet)

H-3 30,000%**

Mn-54 1,000 30,000

Fe-59 400 10,000

Co-58 1,000 30,000

Co-60 300 10,000

Zn-65 300 20,000

Zr-Nb-95 400*

1131 100 0.9 3 100**

Cs-134 30 10 1,000 60 1,000

Cs-137 50 20 2,000 70 2,000

Ba-La-140 200* 300

* Parent only.
** Broad leaf vegetation only.
***Plant dewatering reporting level = 20,000 pCi/kg (2E-05 pCi/ml)
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9.2 Land Use Census
CONTROL

C9.2.1 A Land Use Census shall be conducted and shall 1dent1fy within a distance of 8 km
(5 miles) the location in each of the 16 meteorologlcal sectors of the nearest milk animal,

the nearest resxdencc and the nearcst gardcn** of greater than 50 m’ (500 ﬁz) producmg

broad leaf vcgetatlon

APPLICABILITY: Atall fimes. === -+
ACTION

a.  With a:Land Use Census 'idcritif)’ririgié 'locatiod('s) hiat yields'a calculated dose or

dose commitment greater than the values currently being calculated in Surveillance

S.7.3.1 pursuant to Technical Specification 6.8.1.4 and Part A, Section 10.2, of the
ODCM, identify the new location(s) in the next Annual Radioactive Effluent

Release Report.

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 C.9.1.1, add the new location(s) within 30 days to the REMP given in the
ODCM, if permission from the owner to collect samples can be obtained and
sufficient sample volume is available. The sampling location(s), excluding the
Control station location, having the lowest calculated dose or dose commitment(s),
via the same exposure pathway, may be deleted from this monitoring program after
October 31 of the year in which this Land Use Census was conducted. Pursuant to
Technical Specification 6.13 and Part A, Section 10.2 of the ODCM, submit in the
next Annual Radioactive Effluent Release Report documentation for a change in the
ODCM including a revised figure(s) and table(s) for the ODCM reflecting the new
location(s) with information supporting the change in sampling locations.

SURVEILLANCE REQUIREMENTS

S.9.2.1 The Land Use Census shall be conducted during the growing season at least once per
12 months using a method such as by a door-to-door survey, aerial survey, or by consulting
local agriculture authorities, as described in the ODCM. The results of the Land Use
Census shall be included in the Annual Radiological Environmental Operating Report
pursuant to Part A, Section 10.1 of the ODCM.

**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 relative
deposition values (D/Qs) in lieu of the garden census. Specifications for broad leaf vcgetatlon sampling
in the REMP shall be followed, including analysis of control samples.
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BASES

This specification is provided to ensure that changes in the use of areas at and beyond the SITE
BOUNDARY are identified and that modifications to the REMP given in the ODCM are made if
required by the results of this census. Information from methods such as the door-to-door survey, from
aerial survey, of from consulting with local agricultural authorities shall be used. This census satisfies
the requirements of Section [V.B.3 of Appendix I to 10 CFR Part 50. Restricting the census to gardens
of greater than 50 m? provides assurance that significant exposure pathways via leafy vegetables will be
identified and monitored, since a garden of this size is the minimum 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 vegetation (i.e., similar to lettuce and cabbage), and (2) there was a

vegetation yield of 2 kg/m’.

A9-12 ODCM Rev. 28



9.3 Interlaboratory Comparison Program

CONTROL

C9.3.1 In accordance with Technical Specification 6.7.6h.3, analyses shall be performed on all
radioactive materials supplied as part of an Interlaboratory Comparison Program, that has
been approved by the Commission, that correspond to samples required by REMP.

APPLICABILITY: At all times.

ACTION:

With analyses not being performed as required above, report the corrective actions taken to
prevent a recurrence to the Commission in the Annual Radiological Environmental
Operating Report pursuant to Part A, Section 10.1 of the ODCM.

SURVEILLANCE REQUIREMENTS

S.9.3.1 The Interlaboratory Comparison Program shall be identified in Part B of the ODCM.
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 Part A, Section 10.1 of the ODCM. _

BASES

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 are valid for the purposes of

Section IV.B.2 of Appendix I to 10 CFR Part 50.
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10.0 REPORTS
10.1 Annual Radlologlcal Envlronmental Operatmg Report

Routme Annual Radlologlcal Env1ronmental Operatmg Reports covering the operatlon of the
station during the previous calendar year shall be submitted pnor to May 1 of each year pursuant

to Techmcal Specxf ication 6 8 1. 3

The Annual Radiological Enwronmental Operatmg Reports shalI mclude summaries,
interpretations, and an analysis of trenids of the results of the radiological environmental .. . .
Surveillance activities for the report period, including a comparison with preoperational studies,
“with operational Controls, as appropriate, 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 the Land Use Census requlred by Control C 9 2.1:

The Annual Radiological Envxronmental Operatmg Reports shall include the results of analy51s
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 Part B of the
ODCM, as well as summarized and tabulated results of these analyses and measurements in the
format of the table in the Radiological Assessment Branch Technical Position; Revision 1,
November 1979. In the event that some individual results are not available for inclusion with the
report, the report shall be submitted noting and explaining the reasons for the missing results.
The mxssmg data shall be submltted as soon as possible in 1a supplementary report '

. The reports shall also mclude the followmg ‘a summary descnptlon of the Radnologlcal -

- Environmental Monitoring Program,; at least two legible maps**** covering all sampling
locations keyed to a table giving distances and directions from the centerline of one reactor; the

. . results of licensee participation in the Interlaboratory Comparison Program and the corrective

- action taken if the specified program is not being performed as required by Control C.9.3.1;

. :. reason for not conducting the Radiological Environmental Monitoring Program as required by
Control C.9.1.1, and discussion of all deviations from the sampling schedule; discussion of
environmental sample measurements that exceed the reporting levels but are not the result of
plant effluents, pursuant to ACTION b. of Control C.9.1.1; and dlscussmn of all analyses in
Wthh the LLD requlred was not achxevable : : S o

****One map shall cover locations near the SITE BOUNDARY ; the more distant locations shall be
covered by one or more additional maps.
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10.2  Annual Radioactive Effluent Release Report

A routine Annual Radioactive Effluent Release Report covering the operation of the station
during the previous calendar year of operation shall be submitted by May 1 of each year, pursuant

to Technical Specification 6.8.1.4.

The Annual Radioactive Effluent Release Reports shall include a summary of the quantities of
radioactive liquid and gaseous effluents and solid waste released from the station 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 Light-Water-
Cooled Nuclear Power Plants,” Revision 1, June 1974, with data summarized on a quarterly
basis following the format of Appendix B thereof. For solid wastes, the format for Table 3 in
Appendix B shall be supplemented with three additional categories: class of solid wastes (as
defined by 10 CFR Part 61), type of container (e.g., LSA, Type A, Type B, Large Quantity) and
SOLIDIFICATION agent or absorbent (e.g., cement).

The Annual Radioactive Effluent Release Report 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 Technical Specification
(Figure 5.1-3) 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
meteorological conditions concurrent with the time of release of radioactive materials in gaseous
effluents, as determined by sampling frequency and measurement, shall be used for determining
the gascous pathway doses. The assessment of radiation doses shall be performed in accordance
with the methodology and parameters in the OFFSITE DOSE CALCULATION MANUAL

(ODCM).

The Annual Radioactive Effluent Release Report shall also include an assessment of radiation
doses to the likely most exposed MEMBER OF THE PUBLIC from reactor releases and other
nearby uranium fuel cycle sources, including doses from primary effluent pathways and direct
radiation, for the previous calendar year to show conformance with 40 CFR Part 190,
"Environmental Radiation Protection Standards for Nuclear Power Operation." Acceptable
methods for calculating the dose contribution from liquid and gaseous effluents are given in
Regulatory Guide 1.109, Rev. 1, October 1977.

*****In lieu of submission with the Annual 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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- The Annual Radioactive Effluent Release Report shall include a list and description of unplanned
releases from the site to UNRESTRICTED AREAS of radioactive materials in gaseous and
liquid effluents made during the reporting period.

The Annual Radioactive Effluent Release Report shall include any changes made during the
reporting period to the PROCESS CONTROL PROGRAM and the ODCM, pursuant to
Technical Specifications 6.12 and 6.13, respectively, as well as any major change to Liquid,
Gaseous, or Solid Radwaste Treatment Systems pursuant to Control 11.0. It shall also include a
listing of new locations for dose calculations and/or environmental monitoring identified by the
Land Use Census pursuant to Control C.9.2.

The Annual Radioactive Effluent Release Report 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 C.5.1 or C.5.2, respectively; and
description of the events leading to liquid holdup tanks or gas storage tanks exceeding the limits
of Technical Specification 3.11.1.4.
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N

1.0

1.1

INTRODUCTION . : ¥

The Offsite Dose Calculation Manual (ODCM) contains details to implement Radxoactrve
Effluent Controls and Environmental Momtormg Program as required by Technical

" Specifications 6.7. 6g and 6.7.6h.

Part B of the ODCM provrdes formal and approved methods for the calculatlon of off-site

" concentration, off-site doses and efﬂuent monitor setpomts and mdrcates the locations of -
- environmental monitoring statlons in order to comply with the Seabrook Statlon Radioactive

Effluent Controls Program (RECP), and Radlologrcal Envrronmental Momtormg Program
(REMP) detailed in Part A of the manual The ODCM forms the basrs for station procedures
which document the off-site doses due to station operation which aré useéd to show compliance
with the numerical guides for design objectives of Section II of Appendix I to 10CFR Part 50.
The methods contained herein follow accepted NRC guidance, unless otherwise noted in the text.

The references to 10 CFR Part 20 in Part B of the ODCM refer to revisions of 10 CFR Part 20
published prior to 1 January 1993. The decision to continue the use of the "old" version of

10 CFR Part 20 is based on an NRC letter dated June 30, 1993, from Thomas E. Murley to
Thomas E. Tipton. For the convenience of the plant staff a copy of 10 CFR Part 20 (Rev. 1,
January 1992) has been included in Appendix B.

Responsibilities for Part B

All changes to the ODCM shall be reviewed by the Station Operation Review Committee
(SORC), approved by the Station Director, and documented in accordance with Technical
Specification 6.13. The change process is controlled by the Applicability Determination Process
as controlled by the 10 CFR 50.59 Resource Manual (5059RM). Changes made to Part B shall
be submitted to the Commission for their information in the Annual Radioactive Effluent Release
Report for the period in which the change(s) was made effective.

1t shall be the responsibility of the Station Director to ensure that the ODCM is used in the
performance of surveillance requirements and administrative controls in accordance with
Technical Specifications 6.7.6g and 6.7.6h, and Effluent Control Program and Radiological
Environmental Monitoring Program detailed in Part A of the manual.

In addition to off-site dose calculations for the demonstration of compliance with Technical
Specification dose limits at and beyond the site boundary, 10 CFR 20.1302 requires that
compliance with the dose limits for individual members of the public (100 mrem/yr total
effective dose equivalent) be demonstrated in controlled areas on-site. Demonstration of
compliance with the dose limits to members of the public in controlled areas is implemented per
Health Physics Department Procedures, and is outside the scope of the ODCM. However,
calculations performed in accordance with the ODCM can be used as one indicator of the need to
perform an assessment of exposure to members of the public within the site boundary. Since
external direct exposure pathways are already subject to routine exposure rate surveys and
measurements, only the inhalation pathway need be assessed. The accumulated critical organ
dose at the site boundary, as calculated per ODCM Part B Sections 3.9 and 3.11, can be used as
an indicator of when additional assessments of on-site exposure to members of the public is
advisable (see Section 3.11.2). Off-site critical organ doses from station effluents should not,
however, be the only indicator of potential on-site doses. '
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1.2

Summary of Methods, Dose Factors, Limits, Constants, Variables and Definitions

This section summarizes the Method I dose equations which are used as the primary means of
demonstrating compliance with RECP. The concentration and setpoint methods are identified in
Table B.1-2 through Table B.1-7. Appendix C provides documentation for an alternate
computerized option, designated as Method IA in the ODCM, for calculating doses necessary to
demonstrate compliance with RECP. The Effluent Management System (EMS) software
package used for this purpose is provided by Canberra Industries, Inc. Where more refined dose
calculations are needed, the use of Method II dose determinations are described in Sections 3.2
through 3.9 and 3.11. The dose factors used in the equations are in Tables B.1-10

through B.1-14 and the Regulatory Limits are summarized in Table B.1-1.

The variables and special definitions used in this ODCM, Part B, are in Tables B.1-8 and B.1-9.
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TABLE B.1-1
SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

Part A Control Category Method 1) Limit
C.6.1.1 Liquid Efﬂuent Total Fraction of ECL Eq. 2-1 : <1.0
Concentration Excluding Noble Gases '
Total Noble Gas Concentration Eq. 2-2 <2x10* ﬁCi/ml
C.6.271 Liquid Effluent Dose Total Body Dose Eq. 3-1- ' <1.5 mremina gtr.

<3.0 mrem ina L.
Organ Dose Eq. 3-2 _ <5 mreminaqtr.

<10 mreminayr

C.631  Liquid Radwaste. TotalBodyDose . . - Eq. 3-1 <006 mrem in'a mo.
= Treatment- - B o '
Operability . :
Organ Dose Eq. 3-2 <0.2 mrem in a mo.
C.7.1.1 - Gaseous Effluents Total Body Dose Rate from - Eq. 3-3 , <500 mrem/yr.
Dose Rate Noble Gases
Skin Dose Rate from Noble Eq. 3-4 < BOOQ inrefn/yr.
-Gases . . -
Organ Dose Rate from I-131 , Eq. 35 <1500 mrem/yr.
1-133, Tritium and Particulates
with T, 2> 8 Days
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TABLE B.1-1
SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

(Continued)
Part A Control Category Method 1) Limit
C.7.2.1 Gaseous Effluents Gamma Air Dose from Noble Eq. 3-6 <5 mrad in a qtr.
Dose from Noble Gases .
Gases <10 mradinayr.
Beta Air Dose from Noble Eq. 3-7 <10 mrad ina qtr.
Gases
<20 mrad ina yr.
C.7.3.1 Gaseous Effluents Organ Dose from lodines, Eq. 3-8 < 7.5 mrem ina gtr.
Dose from I-131, Tritium and Particulates with .
I-133, Tritium, and Ti2 > 8 Days <!5mreminayr.
Particulates
C.7.4.1 Ventilation Organ Dose Eq. 3-8 <0.3 mrem in a mo.
Exhaust Treatment
Cs8.1.1 Total Dose (from All Total Body Dose Footnote (2). <25 mremina yr.
Sources)
Organ Dose <25 mreminayr.
Thyroid Dose <75 mreminayr.
C.s.1 Liquid Efflucnt
Monitor Setpoint
Liquid Wastc Test Alarm Setpoint Eq. 5-1 Control C.6.1.1
Tank Monitor
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TABLE B.1-1
- SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS
(Continued)
Part A Controls’ : Category Method 1V~ - Limit
C5.2 Gaseous Effluent |
Monitor Setpoint
Plant Vent Wide Alarm/Trip Setpoint For Total Eq. 5-9 , Control C.7.1.1a
Range Gas Monitors Body Dose Rate ' (Total Body)
Alarm/Trip Setpoint for Skin Eq. 5-10 | Control C.7.1.1a
Dose Rate » (Skin)_

(1)  More accurate methods may be available (sce subsequent chapters).
(2) Part AControl C.8.1.1a requlres this cvaluation only if twice the limit of equations 3-1, 3-2, 3-12, 3-15 or 3-18 is reached. If this occurs a

Method II calculation, using actual release point parameters with annual average or concurrent meteorology and identified pathways for a real
individual, shall be made.
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TABLE B.1-2
SUMMARY OF METHOD I EQUATIONS TO CALCULATE
UNRESTRICTED AREA LIQUID CONCENTRATIONS

Equation Number Category Equation
2-1 Total Fraction of ECL in FFe=y Z&_ <10
Liquids, Except Noble Gases p i ECL;
2-2 Total Activity of Dissolved and e

Entrained Noble Gases from all oo ( yCi)
No| H1

Station Sources ml

< 2E-04

B.1-6 ODCM Rev. 28



TABLE B.1-3
SUMMARY OF METHOD 1 EQUATIONS TO CALCULATE
OFF-SITE DOSES FROM LIQUID RELEASES

‘ Eduation Number Category Equation
3-1 gotal Body ' Dy (mrem)=k Z QiDFL b
ose i
32 Maximum D_ (mrem)=k 3 Q.DFL
Organ Dose mo . m
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TABLE B.1-4

SUMMARY OF METHOD I EQUATIONS TO CALCULATE DOSE RATES

Category Equation
Number
Total Body Dose 3-3a
Rate From Noble
Gases
3-3b
3-3c
3-3d
3-3c
3-3f

Receptor Release
Location® Height® Equation
0s E ) )
Due = 0.85* >(Q, * DFB)
oS G . .
Duw = 34 * Z(Q, * DFB)
EC E . )
Dugey = 0.0015 * Z(Q, * DFB)
EC G . .
Durg = 0.0074 * Z(Qi * DFB))
R E _ .
Durey = 0.038 * >(Q, * DFB)
R G

leR(g) = 02* Z:(Ql * DFBi)

*0S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"

’E = Elevated, G = Ground
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Cafegog Equation

| , TABLE B.1-4
SUMMARY OF METHOD [ EQUATIONS TO CALCULATE DOSE RATES
' (Continued)
" Receptor - . Release
Number Location® Height® Equation
Skin Dose Rate 3-4a 0S E X . .
From Noble Gases Ditiney = Z(Qi * DF' i)
3-4b 0S G , e
Daintg) = Z(Q‘ * DF' i) E
3-4c EC E . . ,
Diing( = 0.001 4 *Z(Qi* DF' )
. ) - N R i PN '
3-4d EC G . S ,
Dixine) = 0-00! 4* Z(Q,* DF i)
3-de R E , .
Dixinr(e) = 0-9076 * Z(Q;’\k DF ip(ey)
. ' i
3-4f R G

DsklnR(g) =0.0076* Z(Q. *DF iR(g))

’0S = Off-Slte EC ‘Science & Nature Center, formerly the Education Center, R = The "Rocks"

®E = Elevated, G = Ground

T
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Category

Critical Organ Dose
Rate From I-131,
I-133, H-3, and
Particulate With
Ti2 >8 Days

TABLE B.1-4

SUMMARY OF METHOD | EQUATIONS TO CALCULATE DOSE RATES

Equation
Number

3-5a

3-5b

3-5¢

3-5d

3-5¢

3-5f

Receptor

Location®

0OS

(0N

EC

EC

(Continued)

Release
I-Ieightb

E

Equation

Dco(c) = Z(Q,* DFG' ico(c))

Deote) = Z(Qi* DFG’ ;)

Deor = 0-0014* 3 (Q,* DFG’ 50
Deorg = 0.0014* Z‘(Q‘ *DFG' oee)
Deokeey = 0-0076 * Z(Q‘ * DFG’ iconee))

DcoR(g) = 0'0076 * Z(Q. * DFG, icoR(g))

30S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"

°E = Elevated, G = Ground
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TABLE B.1-5

SUMMARY OF METHOD I EQUATIONS TO CALCULATE DOSES TO AIR FROM NOBLE GASES

Category Equation
Number
Gamma Dose tb Alr - - 326a
From Noble Gases
3-6b
3-6¢
3-6d
3-6e

3-6f

Receptor
Location®

oS

oS

EC

EC

Release
Height®

E

D%;.m =
Diig =
D{irE(e) =
.Diiretg)
"Dlieree)

DL

Equation

3.2E-07 * ¢° * 3(Q; * DF)-
1.6E-06 * t°* * >(Q, * DF))

49E-10 * *** 3YQ, * DF)
i . :

= 4.4E-09 * %% * 3(Q, * .DF))
- 5.1 E_09 * t—O.lss * Z(Q, * DF.’) .

= 41E-08 * ¢*® * 3(Q, * DF))

0S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks" - |

®E = Elevated, G = Ground
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TABLE B.1-5
SUMMARY OF METHOD | EQUATIONS TQO CALCULATE DOSES TO AIR FROM NOBLE GASES

(Continued)
Category Equation Receptor Release
Number Location® Height" Equation
From Nobie Giates o > - Diy = 41E-07 * 2% 3 (Q;* DFf)
3-7o 0S G Dip = 6.0E-06* ¢ * 3(Q, * DF)
3-7c EC E D = 1.8E-00 * (o35 * Z(Q‘ * DFf)
31 EC N Die = 24E-08 * (7% 3%Q; * DFf)
3-7e R E Dine = 3.9E-08 * (029 % Z(Q‘ * DFf)
3-7f R G

Dimg = 46E-07 * **7* 3(Q, * DF/)

®0S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"
°E = Elevated, G = Ground
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TABLE B.1-6
SUMMARY OF METHOD I EQUATIONS TO CALCULATE
DOSE TO AN INDIVIDUAL FROM TRITIUM, IODINE AND PARTICULATES

Category Equation Receptor Release
- Number Location® \ Height , Equation
Dose to Critical 382 - 0S " E  Du=148*{*"* T(Q;* DFGicns)

Organ From Iodines,
Tritium, and

Particulates
3-8b L 0S G chg>=17-7*t*"”“*Z(Qi*DFGaco(nS__‘
| 38 . EC © B | Dusg=33E-02% (% 5(Q,* DFGrece)
) 3-8 . EC G Deorp=33E-02*% *’"’*}:(Q DFGicokts))
38¢ - R E Dmm—nE-oz* ‘°2“"‘Z(Q DFGicor(o)
3-8f R G Dc,;R(g,=‘:8.sE-oz*t*’-.“’*Z(Q;"DFGMR@))

"0S = Off-Site, EC = Science & Nature Center, formerly the Education Ccntcr R=The "Rocks"
*E = Elevated, G = Ground
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TABLE B.1-7
SUMMARY OF METHODS FOR

SETPOINT DETERMINATIONS

Equation Number Category Equation
5-1 Liquid Effluents: uCi Fq .
Liquid Waste Test Rsetpoint (THT) =f Fpy X meiny 2Cn
Tank Monitor
(RM-6509) )
5-23 PCCW Rate-of-Change

Alarm

Gaseous Effluents:

Plant Vent Wide
Range Gas Monitors
(RM-6528-1, 2, 3)

5-5 Total Body

5-6 Skin

-8 1
RC_(gph)= SWF -——
_ (gph)=1x10 e

= 588 f,

Rxb (#Ci/scc) DFB:

= 3000 L fy

: Rsm (1Cilsec) DE'

This equation maybe used for other effluent radiation monitors, such as the CPS Rad Monitor
(RM-6473) where the fraction of total FCL (f,) is administratively adjusted for the particular

pathway.

B.1-14
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TABLE B.1-8

SUMMARY OF VARIABLES
Variable Definition
Che Concentration at point of discharge and entrained noble
g
gas "i" in liquid pathways from all station sources
che Total activity of all dissolved and ’entramed noble gases
in liquid pathways from all station sources
Cai Concentration of radlonuchde "i" at the pomt of llquld
discharge -
G Concentration of radionuclide "i"
Cpi Concentration, exclusive of nf)ble gases, of _
radionuclide "i" from tank "p" at pomt of dlscharge
Cyi Concentration of radlonucllde " § in mixture at the '
monitor _
Dfo Off-site beta dose to air due to noble gases in elevated
release '
Die Off-site beta dose to air due to noble gas in ground
level release
DZe Beta dose to air at Science & Nature Center due to
noble gases in elevated release o
Dz Beta dose to air at Science & Nature Center due to -
noble gases in ground level release
D2 Beta dose to air at "Rocks" due to noble ases in
airR(e) g .
elevated release '
Dfire) Beta dose to air at "Rocks" due to noble gases in
ground level release
L) Off-site gamma dose to air due to noble gases m'
elevated release 1 , '
Do Off-site gamma dose to air due to noble gases in
ground level release .
Dt Gamma dose to air at Sc1ence & Nature Center due to
noble gases in elevated release
Dl Gamma dose to air at Science & Nature Center due to
noble gases in ground level release
Dliree) Gamma dose to airat "Rocks" due to noble gases in. -

elevated release

B.1-15 -

Units

pCi/ml
pnCi/ml
pCi/ml

pCi/ml
pCi/ml

pCi/ml
mrad
mrad
mrad
mrad
mrad
mrad
mrad
mrad
mrad
mrad

mrad
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Variable

Diire)
Deofe)
DCO(g)
Deoke) .
DcoE(g)
Deoree)
Dcoree)

Dq
Dfnite
Dmo
pS
Dy
DFnin

DFminY

DF'
DF'ie

DF'r
DFB;

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

Gamma dose to air at "Rocks" due to noble gases in
ground level release

Critical organ dose from an elevated release to an
off-site receptor

Critical organ dose from a ground level release to an
off-site receptor

Critical organ dose from an elevated release to a
receptor at the Sc:ence & Nature Center

Critical organ dose from a ground level release to a
receptor at the Science & Nature Center

Critical organ dose from an elevated release toa
receptor at the "Rocks"

Critical organ dose from a ground level release to a
receptor at the "Rocks"

Direct dose

Gamma dose to air, corrected for finite cloud

Dose to the maximum organ
Dose to skin from beta and gamma
Dose to the total body

Minimum required dilution factor based on all (beta —
emitting and gamma — emitting) radionuclides

Minimum required dilution factor necessary to ensure

that the sum of the ratios for the concentration of each

gamma-emitting radionuclide to the respective ECL
value is not greater than 1 (dimensionless).

Composite skin dose factor for off-site receptor

Composite skin dose factor for Science & Nature
Center

Composite skin dose factor for the "Rocks"

Total body gamma dose factor for nuclide "i" (Table
B.1-10)

B.1-16

Units

mrad

mrem
mrem
mrem
mrem
mrem
mrem

mrem

mrad

mrem
mrem
mrem

ratio

mrem-sec/pCi-yr

mrem-sec/pCi-yr

mrem-sec/pnCi-yr

mrem’
pCi-yr
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TABLE B.1-8

SUMMARY OF VARIABLES
(Continued)
Variable Definition
.DFB, =  Composite total body dose factor
DFLiy =  Site-specific, total body dose factor for a liquid release
of nuclide "i" (Table B.1-11)
DFLimo = Site-specific, maximum organ dose factor for a liquid
release of nuclide "i" (Table B.1-11)
DFBico(e) = Site-specific, critical organ dose factor for an elevated
gaseous release of nuclide "i" (Table B.1-12)
DFGico(g) =  Site-specific critical ‘organ dose' factor for a ground level
release of nuclide "i" (Table B.1-12)
DFGicok(e) =  Science & Nature Center—spemﬁc critical organ dose
factor for an elevated release of nuclide "i"
(Table B.1-14) |
DFGicok(e) =  Science & Nature Center-specific critical organ dose
factor for a ground level release of nuclide "i"
(Table B.1-14)
DFGicor(e) =  The "Rocks"-specific critical organ dose factor for an
elevated release of nuclide "i" (Table B.1-15) .
DFGicor(g) = The "Rocks"-specific critical dose factor for a ground
level release of nuclide "i"-(Table B.1-15)
DFGicote) = Site-specific critical organ dose rate factor for an |
elevated gaseous release of nucllde "i" (Table B.1-12)
DFG'icotg) = Site-specific critical organ dose rate factor for a ground
level release of nuclide "i" (Tab]e B.1-12)
DFG'icoE(e) =  Science & Nature Center—spemﬁc critical organ dose
' rate factor for an elevated release of nuclide "i"
(Table B.1-14) .
DFG'icok(g) = Science & Nature Center-specific critical organ dose
rate factor for a ground level re]ease of nucllde "i"
‘ (Table B. l 14) '
DFG' .z =  The "Rocks"-specxf' ic cntxcal organ dose rate factor for
' an elevated release of nuclide "i" (Table B.1- 15)
DFG’ . rp) =  The "Rocks"-specnﬁc critical organ dose rate factor for a

ground level release of nuclide "i" (Table B.1-15)
B.1-17 ©

Units

mrem’
pCi-yr

mrem/pCil

mrem/pCi
mrem/pCi
mrem/pCi

mrem/pCi

- mrem/pCi

mrem/pCi

mrem/pCi
mrem-sec/pCi-yr
mrem-sec/pCi-yr

mrem-sec/pCi-yr

mrem-sec/pCi-yr

mrem-sec/pCi-yr .

mrem-sec/pCi-yr
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Variable

DFS;

DF;

DF{

DFf

Deoge)

Deotg)

DcoE(e)

DcoE(g)

DcoR(c)

DcoR(g)

Dsxinge)

Dskin(g)

Dskinke)

Dekinkg)

TABLE B.1-8

SUMMARY OF VARIABLES
(Continued) ,
(
Definition Units
Beta skin dose factor for nuclide "i" (Table B.1-10) mrem- m>
pCi-yr
Combined skin dose factor for nuclide "i" mrem- sec/pCi-yr
(Table B.1-10)
Gamma air dose factor for nuclide "i" (Table B.1-10) mrad- m?
pCi-yr
Beta air dose factor for nuclide "i" (Table B.1-10) mrad- m®
pCi-yr
Critical organ dose rate to an off-site receptor due to mrem
elevated release of iodines, tritium, and particulates yr
Critical organ dose rate to an off-site receptor due to mrem
ground level release of iodines, tritium, and particulates yr
Critical organ dose rate to a receptor at the Science & mrem
Nature Center due to an elevated release of iodines, yr .
tritium, and particulates :
Critical organ dose rate to a receptor at the Science & mrem
Nature Center due to a ground level release of iodines, yr
tritium, and particulates
Critical organ dose rate to a receptor at the "Rocks" due mrem
to an elevated release of iodines, tritium, and yr
particulates
Critical organ dose rate to a receptor at the "Rocks" due mrem
to a ground level release of iodines, tritium, and yr
particulates
Skin dose rate to an off-site receptor due to noble gases mrem
in an elevated release yr
Skin dose rate to an off-site receptor due to noble gases mrem
in a ground level release yr
Skin dose rate to a receptor at the Science & Nature mrem
Center due to noble gases in an elevated release yr
Skin dose rate to a receptor at the Science & Nature mrem -
Center due to noble gases in a ground level release yr k,
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TABLE B.1-8

SUMMARY OF VARIABLES
(Continued)
Variable _Definition

Dainr(e) Skin dose rate to a receptor at the "Rocks" due to noble
gases in an elevated release = °

Dikinr(e) Skin dose rate to a receptor at the "Rocks" due to noble
gases in a ground level release

Dire) Total body dose rate to an off-site receptor due to noble
gases in an elevated release

Die) Total body dose rate to an off-site receptor due to noble
gases in a ground level release .

Diskey Total body dose rate to a receptor at the Science &
Nature Center due to noble gases in an elevated release

Dok Total body dose rate to a receptor at the Science &
Nature Center due to noble gases in a ground level
release

Duree) Total body dose rate to a reeeptor at the "Rocks" due to
noble gases in an elevated release

Dusrge) Total body dose rate to a feceptor at the "Rocks" due to
noble gases in a ground level release

D/Q Deposition factor for dry deposition of elemental
radioiodines and other particulates

ECL; Effluent concentratlon limit (ECL) for radionuclide "j"
(excluding dissolved and entrained noble gas) as
specified in 10 CFR 20, Appendix B, Table 2.

f, The fraction of the offsite limiting total body dose rate
administratively assigned to the plant vent release

Fq4 Actual or estimated flow rate out of discharge tunnel

Fm Flow rate past liquid waste test tank monitor

Frnax Maximum allowable discharge flow rate from liquid
test tanks based on all (beta — emitting and gamma -
emlttmg) radxonuclldes .

Fraxy Maximum allowable dlscharge ﬂow rate from the test

tank past the monitor which would equate to the control
concentration limit for the gamma radioactivity mixture

determined to be in the test tank
B.1-19 .

Units

mrem
yr

mrem
yr
mrem
yr
mrem
yr
mrem

yr

mrem
yr

mrem
yr

mrem
yr

L
m2

pCi/ml

‘Dimensionless

gpm or ft*/sec
gpm
gpm

gpm
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Variable

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

fgland

fi; B; f3; fa; fs
Frho
MPG;

Qi
Q
Rsctpoint

Rskin

R

Sy

Sii
X/Q

_Release rate to the environment for radionuclide

The fraction of the offsite limiting total body dose rate
administratively assigned to monitored ground level
release

Flow rate past plant vent monitor

Release reduction factor to be administratively assigned
to account for potential unmonitored contributions from
the Turbine Gland Seal Exhaust

Fraction of total ECL associated with Paths 1, 2, 3, 4,
and 5, the sum of whichis < 1.

Total fraction of ECL in liquid pathways (excluding
noble gases)

Maximum permissible concentration for radionuclide
"i" ("old" 10 CFR 20, Appendix B, Table II, Column 2)

"ill

Release to the enviropment for radionuclide

"ill
Liquid monitor response for the limiting concentration

at the point of discharge

Response of the noble gas monitor to limiting total body
dose rate

Response of the noble gas monitor to limiting total body
dose rate

Shielding factor

Detector counting efficiency from the gas monitor
calibration

Detector counting efficiency for noble gas "i"

Detector counting efficiency from the liquid monitor
calibration

Detector counting efficiency for radionuclide "i"

Average long-term undepleted atmospheric dispersion
factor (Tables B.7-4, B.7-5, and B.7-6)

B.1-20

Units

Dimensionless

cc

sec
Dimensionless
Dimensionless
Dimensionless
nCi/cc

curies, or p curies

uCi/sec
pCi/ml

cpm, or pCi/sec
cpm, or nCi/sec

Dimensionless
cpm mR/ hr
or

uCi-cc uCi/ce
cpm mR/hr-
or

uCi-cc uCi/cc
cps/pCi/ml

cps/pCi/ml

S€C

3
m
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TABLE B.1-8

SUMMARY OF VARIABLES
(Continued)
Variable - vDefmition;
[X/Q)y Effective long-term average gamma atmOSpheric.
' - dispersion factor (Tables B.7-4, B.7-5, and B.7-6)
SWF - Service Water System flow rate -
PCC Primary c6mp61ient'cbolin'g'. wzi‘tef'rrieasured (decay

t~a

corrected) gross radioactivity concentration

Unitless factor which adjusts the value of atmospheric

_dispersion factors for elevated or ground-level releases

with a total release duxfatjon pf t hours

B.1-21 .

Units

sec

. 3 ‘
m

gph -
pCi/ml

Dimensionless
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TABLE B.1-9
DEFINITION OF TERMS

Critical Receptor - A hypothetical or real individual whose location and behavior cause him or her to
receive a dose greater than any other possible real individual.

Dose - As used in Regulatory Guide 1.109, the term "dose," when applied to individuals, is used instead
of the more precise term "dose equivalent," as defined by the International Commission on Radiological
Units and Measurements (ICRU). When applied to the evaluation of internal deposition or radioactivity,
the term "dose," as used here, includes the prospective dose component arising from retention in the
body beyond the period of environmental exposure, i.e., the dose commitment. The dose commitment is
evaluated over a period of 50 years. The dose is measured in mrem to tissue or mrad to air.

Dose Rate - The rate for a specific averaging time (i.e., exposure period) of dose accumulation.

Liquid Radwaste Treatment System - The components or subsystems which comprise the available
treatment system as shown in Figure B.6-1.
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TABLE B.1-10
DOSE FACTORS SPECIFIC FOR SEABROOK STATION FOR NOBLE GAS RELEASES

Gamma Total BetaSkinDose  Combined Skin Dose  Combined Skin Dose  Beta Air Dosé Gamma Air Dose

Body Dose Factor Factor Factor for Elevated.  Factor forGround =~ Factor Factor
Radio- ‘ 3 Release Points Level Release Points g3 ;
nuclide mrem- ;> _ mrem- + mrem-sec . mrem-sec ppP (ored-m y mrad-m

DFBi () DRI =) DR (T PR P Gy i
Ar-4l 8.84E-03 2.69E-03 1.09E-02 6.20E-02 3.28E-03 9.30E-03 .
Kr-83m 7.56E-08 - 1.81E-05 7.28E-05 2.88E-04 1.93E-05 -
Kr-85m . = L17E-03 1.46E-03 2.35E-03 _ 1.92E-02 1.97E-03 1.23E-03
Kr-85 " ° . 1.61E-05° | 1.34E-03 1.11E-03 1.35E-02. 1.95E-03 . 1.72E-05
Kr-87:. 5‘5;92E4'()3f - 9.73E-03 . “1.38E-02 - . . "L21E-01- .  1.03E-02 6.17E-03
Kr-88 - -~ -1.47E-02° ~ - 237E-03 - - - 1.62E-02. - - ; 8.10E-02 . 2.93E-03 1.52E-02
Kr-89 1.66E-02 1.01 E-02 2.45E-02 1.66E-01 1.06E-02 =~ 1.73E-02 .
‘Kr-90 1.56E-02 , 7.29E-03 2.13E-02 1.34E-01 7.83E-03 1.63E-02 -
. Xe-131m 9.15E-05 4.76E-04 5.37E-04 5.35E-03 1.11E-03 1.56E-04
_Xe-133m 2.51E-04 9.94E-04 1.12E-03 1.12E-02 1.48E-03 3.27E-04
Xe-133 2.94E-04 3.06E-04 5.83E-04 4.39E-03 1.05E-03 3.53E-04
Xe-135m 3.12E-03 7.11E-04 3.74E-03 1.98E-02 7.39E-04 3.36E-03
Xe-135 1.81E-03 1.86E-03 3.33E-03 2.58E-02 2.46E-03 1.92E-03 -
Xe-137 1.42E-03 1.22E-02 1.14E-02 1.28E-01 1.27E-02 - 1.51E-03
Xe-138 8.83E-03 4.13E-03 1.20E-02 7.60E-02 . 4.75E-03 9.21E-03

8.84E-03 -884x10°. -
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TABLE B.1-11
DOSE FACTORS SPECIFIC FOR SEABROOK STATION

. FOR
LIQUID RELEASES
Total Body Maximum Organ
Dose Factor Dose Factor

mrem mrem

Radionuclide DFLi ( uCi ) DFLimo (_ya‘)
H-3 3.02E-13 3.02E-13
Na-24 1.38E-10 1.42E-10
Cr-51 1.83E-11 1.48E-09
Mn-54 5.15E-09 : 2.68E-08
Fe-55 1.26E-08 7.67E-08
Fe-59 8.74E-08 : 6.66E-07
Co-58 2.46E-09 1.40E-08
Co-60 6.15E-08 9.22E-08
Zn-65 2.73E-07 5.49E-07
Br-83 1.30E-14 ' 1.89E-14
Rb-86 4.18E-10 6.96E-10
Sr-89 2.17E-10 7.59E-09
Sr-90 3.22E-08 1.31E-07
Nb-95 5.25E-10 1.58E-06
Mo-99 3.72E-11 2.67E-10
Tc-99m 5.22E-13 1.95E-12
Ag-110m - 1.01E-08 6.40E-07
Sb-124 ' 1.71E-09 9.89E-09
Sb-125 6.28E-09 8.31E-09
Te-127m 7.07E-08 1.81E-06
Te-127 3.53E-10 9.54E-08
Te-129m 1.54E-07 3.46E-06
Te-129 7.02E-14 1.05E-13
Te-131m 3.16E-08 2.94E-06
Te-132 9.06E-08 3.80E-06
I-130 2.75E-11 3.17E-09
I-131 2.30E-10 1.00E-07
I-132 6.28E-11 6.36E-11
I-133 3.85E-11 1.15E-08
1-134 1.19E-12 1.41E-12
I-135 5.33E-11 4.69E-10
Cs-134 3.24E-08 3.56E-08
Cs-136 2.47E-09 3.27E-09
Cs-137 3.58E-08 ' 4.03E-08
Ba-140 1.70E-10 3.49E-09
La-140 1.07E-10 4,14E-08
Ce-141 3.85E-11 9.31E-09
Ce-144 1.96E-10 6.46E-08
Other* : 3.12E-08* 1.58E-06*

Dose factors to be used in Method I calculation for any "other" detected gamma emitting
radionuclide which is not included in the above list.
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TABLE B.1-12
DOSE AND DOSE RATE FACTORS SPECIFIC FOR SEABROOK STATION

_FOR -

IODINES, TRITTUM AND PARTICULATE RELEASES

*

Critical Organ Critical Organ Dose  Critical Organ Dose Rate  Critical Organ Dose
Dose Factor Factor for Ground Factor for Elevated Rate Factor for Ground
for Elevated Level Release Point = - Release Point Level Release Point
, R_elcase Pqint I : ’
Radlo- - DFGist (—n:%) DFGin (’;‘fé';') DG (%%?—c)  DFGete (%é%)
H-3 3.08E-10 3.76E-09 9.71E-03 1.19E-01
Cr-51 8.28E-09 2.89E-08 2.91E-01 1.61E+00
Mn-54 1.11E-06 3.79E-06 438E+01 1.50E+02
Fe-59 1.06E-06 '3.65E-06 3.53E+01 1.21E+02
Co-58 5.56E-07 "1.91E-06 2.00E+01 6.88E+01
Co-60 1.21E-05 4.12E-05 5.42E+02 1.85E+03
Zn-65 2.33E-06 7.93E-06 7.82E+01 2.66E+02
Sr-89 1.98E-05 6.73E-05 6.24E+02 2.12E+03
Sr-90 7.21E-04 2.47E-03 2.27E+04 7.79E+04
Zr-95 ~ 1.10E-06 3.77E-06 3.63E+01 1.24E+02
Nb-95 2.01E-06 6.86E-06 6.40E+01 ‘2.20E+02
Mo-99 1.63E-08 1.10E-07 5.39E-01 3.56E+00
Ru-103  3.03E-06 1.04E-05 9.62E+01 ' 331E+03
Ag-110m 5.02E-06 1.72E-05 1.80E+02 - 6.15E+02
Sb-124 1.83E-06 6.28E-06 6.15E+01 U 21EH02
I-131 1.47E-04 5.04E-04 4.64E+03 1.59E+04
I-133 1.45E-06 '5.72E-06 '4.57E+01 - 1.80E+02
Cs-134  5.62E-05 ‘1.91E-04 ‘1.81E+03 6.18E+03
Cs-137 5.47E-05 1.86E-04 1.79E+03 6.09E+03
Ba-140 1.55E-07 6.39E-07 5.01E+00 2.06E+01
Ce-141 2.65E-07 9.28E-07 8.45E+00 - 2.96E+01
Ce-144 6.09E-06 2.09E-05 1.93E+02 6.62E+02
Other* 4.09E-06 1.39E-05 1.29E+02 4.38E+02

Dose factors to be used in Method I calculations for any. "other” detected gamma emitting radionuclide .
which is not included in the above list.
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TABLE B.1-13
COMBINED SKIN DOSE RATE FACTORS SPECIFIC FOR SEABROOK STATION p
SPECIAL RECEPTORS™" FOR {
NOBLE GAS RELEASE

Science & Nature ~ Science & Nature The "Rocks" The "Rocks"
Center Center Combined Skin Combined Skin
Combined Skin Combined Skin Dose Rate Factor for Dose Rate Factor for
Dose Rate Factor for Dose Rate Factor for Elevated Release Point Ground Level Release
Elevated Release Point Ground Level Point
Release Point

Radio- mrem-sec , mrem-sec, , mrem-sec , mrem-sec

nuclide  DF w0 S 55 Pl Cciy ro Gy v CrCiyr
Ar-41 1.57E-02 1.17E-01 9.73E-02 6.99E-01
Kr-83m 2.35E-05 1.13E-04 1.07E-04 5.57E-04
Kr-85m 3.84E-03 4.08E-02 3.16E-02 2.69E-01
Kr-85 2.16E-03 3.09E-02 2.29E-02 2.15E-01
Kr-87 2.31E-02 2.60E-01 2.00E-01 1.73E+00
Kr-88 2.23E-02 1.44E-01 1.25E-01 8.18E-01
Kr-89 3.73E-02 3.34E-01 2.68E-01 2.12E+00
Kr-90 3.15E-02 2.64E-01 2.14E-01 1.64E+00
Xe-131m 9.52E-04 1.19E-02 8.96E-03 8.07E-02
Xe-133m 1.99E-03 2.48E-02 1.87E-02 1.68E-01
Xe-133 9.20E-04 9.11E-03 7.16E-03 5.91E-02
Xe-135m 5.24E-03 3.61E-02 3.07E-02 2.11E-01
Xe-135 5.32E-03 5.41E-02 4.23E-02 3.53E-01
Xe-137 2.14E-02 2.89E-01 2.16E-01 2.00E+00
Xe-138 1.78E-02 1.49E-01 1.21E-01 9.27E-01

() See Seabrook Station Technical Specification Figure 5.1-1.
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TABLE B.1-14
DOSE AND DOSE RATE FACTORS SPECIFIC FOR THE SCIENCE & NATURE CENTER
FOR IODINE, TRITIUM, AND PARTICULATE RELEASES

* Critical Organ Dose Critical Organ Dose"'_ Critical Organ Dose Rate  Critical Organ Dose Rate

Factor for Elevated Factor for Ground . Factor for Elevated Factor for Ground Level
Release Point ' Level Release Release Point , Release Point
Point :

El?glii(c)i; . | DFGico(e) (mrem) DFGicoege) (mrem) DF G' icoE(e) (nzz:l :’ic,) DFG, IeoE(®) (m,ljz?- ::‘c)
H-3 6.45E-11 9.27E-10 ' 2.03E-03 2.92E-02-
Cr-51 4.98E-09 2.88E-08 2.12E-01 | 1.11E+00.
Mn-54 : 1.39E-06 - . 5.71E-06 6.24E+01 ‘ | 2.39E+02
Fe-59 3.09E-07 - 1.89E-06 1.29E+01 . 7.16E+01
Co-58 - © 3.89E-07 2.10E-06 1.72E+01 . 8.26E+01
Co-60 © 2.17E-05 . 8.03E-05 . 9.78E+02  363E+03
Zn-65 7.34E-07 3.19E-06 - 331E+01 1.33E+02
Sr-89 : : 1.15E-07 1.61E-06 - 3.63E+00 . S5.08E+01
Sr-90 ’ 5.14E-06 - 71.19E-05 : 1.62E+02 .. 227E+03
Zr-95 33 8E-0') 2.57E-06 1.35E+01 9.15E+01
Nb-95 1.53E-07 " © 9.35E-07 6.43E+00 3.53E+01
Mo-99 1.62E-08 1.92E-07 5.58E-01 6.21E+00
Ru-103 : 1.30E-07 8.64E-07 . -5.33EH00 3.19E+01
Ag-110m 3.43E-06 - 1L.54E-05 ~ 1.55E+02 6.34E+02
Sb-124 6.96E-07 4.46E-06 - 2.89E+01 1.67E+02
I-131 7.79E-07 1.08E-05 - 2.47E+01 . 341E+02
I-133 - 1.84E-07 '2.56E-06 . . S.83E+00 ,V 8.11E+01
Cs-134 6.83E-06 2.53E-05 . 3.08E+02 - ‘ 1.14E+03
Cs-137 1.03E-05 ~ 1+ 3.81E-05 : 4.64E+02 . L72E+03
Ba-140 1.14E-07 : 1.42E-06 3.85E+00 4.54E+01
Ce-141 4.0§E-08 . "4.51E-07 - . . 145E+00 ( 1.48E+01
Ce-144 6.95E-07 . 29.01E-06 - 2.27E+0] ~ 2.90E+02
Other* - 2.26E-06 7+ 9.24E-06 - 1.02E+02 ... 391E+02
* Dose factors {6 be used in Method I calculations for any "other" detected gamma emitting radionuclide

which is not included in the above list.
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S ~ TABLEB.I-15
DOSE AND DOSE RATE FACTORS SPECIFIC FOR THE "ROCKS"
FOR IODINE, TRITIUM, AND PARTICULATE RELEASES {
Critical Organ Dose Critical Organ Dose Critical Organ Dose Rate  Critical Organ Dose Rate
. Factor  Factor for Ground Factor for Elevated Factor for Ground Level
for Elevated Release Level Release Point Release Point
Point Release Point
Radio-  DFGicoree) (-mrer.n) DFGicoreg) (mrer.n) DFGicor(e) (___mrerr.l- sec) DFG’  peg (_____mren.i- ¢
nuclide uCi uCi uCi-yr uCi-yr
H-3 6.85E-10 6.45E-09 2.16E-02 2.03E-01
Cr-51 2.68E-08 1.75E-07 1.07E+00 6.53E+00
Mn-54 5.84E-06 3.18E-05 2.55E+02 1.31E+03
Fe-59 1.74E-06 1.17E-05 6.78E+01 4.29E+02
Co-58 2.01E-06 1.25E-05 8.11E+01 4,79E+02
Co-60 8.83E-05 4.09E-04 3.97E+03 1.85E+04
Zn-65 3.23E-06 1.80E-05 1.37E+02 7.29E+02
Sr-89 1.23E-06 1.15E-05 3.88E+01 3.63E+02
Sr-90 5.48E-05 5.14E-04 1.73E+03 1.62E+04
Zr-95 2.22E-06 1.68E-05 8.14E+01 5.83E+02 (
Nb-95 8.59E-07 5.79E-06 3.37E+01 2.13E+02
Mo-99 1.50E-07 1.34E-06 4.92E+00 4.32E+01
Ru-103 7.74E-07 5.47E-06 2.95E+01 1.96E+02
Ag-110m 1.54E-05 8.77E-05 6.47E+02 3.53E+03
Sb-124 4.04E-06 2.80E-05 1.56E+02 1.01E+03
I-131 8.27E-06 7.73E-05 2.61E+02 2.44E+03
I-133 1.95E-06 1.83E-05 6.18E+01 . 5. 77E+02
Cs-134 2.78E-05 1.29E-04 1.25E+03 5.80E+03
Cs-137 4.19E-05 1.94E-04 1.89E+03 8.77E+03
Ba-140 1.10E-06 9.99E-06 3.56E+01 3.19E+02
Ce-141 3.59E-07 3.14E-06 1.20E+01 1.02E+02
Ce-144  7.02E-06 6.46E-05 2.25E+02 2.05E+03
Other* 9.56E-06 5.09E-05 4.16E+02 2.12E+03

Dose factors to be used in Method I calculations for any "other” detected gamma emitting radionuclide
which is not included in the above list. k/
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2.0

2.1

and:

where:

ENG

F

METHOD TO CALCULATE OFF-SITE LIQUID CONCENTRATIONS

Chapter 2 contains the basis for station procedures used to demonstrate compliance with ODCM Part A
Control C.6.1.1, whlch limits the total fraction of ECL in liquid pathways, other than noble gases

(denoted here as F ) at the point of discharge from the station to the environment (see Figure B.6-1).
1

ENG . yo . o ‘ .
E is limited to less than or equal to one, i.e.,

The total concentration of all dissolved and entrafned noble giiscs at the pbint of discharge from
the multiport diffuser from all station sources combined, denoted C.N ¢ , 1s limited to
2E-04 pCi/ml,i.e.,

CNC < 2E-04 pCi/ml.
Appendix C, Attachments 3 and 4, provxde the optlon and bases for the use of the EMS

determination of liquid concentration limits for plant discharges to the environment.

Method to Determine FiE¥¢ AND C;N¢

First, determine the total fraction of ECL (excluding noble gases), at the point of discharge from
the station from all significant liquid sources denoted E e and then separately determine the
total concentration at the point of discharge of all dissolved and entrained noble gases from all

. NG
station sources, denoted C’l ,as follows: . ..

Fe =">:z Co <10 o S @)
1 p i ECL. R

4uCilml

HCilml
c°=: (C° < 2E-04 R A (22)

(nCi/ml) (nCi/ml) (nCi/ml)

Lt

=  Total fraction of ECL in liquids, excluding noble gases, at the point of discharge from the
multiport difuser. '
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= Concentration at point of discharge from the multiport diffuser of radionuclide
"i", except for dissolved and entrained noble gases, from all tanks and other
significant sources, p, from which a discharge may be made (including the waste
test tanks and any other significant source from which a discharge can be made).
C,i is determined by dividing the product of the measured radionuclide
concentration in liquid waste test tanks, PCCW, steam generator blowdown, or
other effluent streams times their discharge flow rate by the total available
dilution water flow rate of circulating and service water at the time of release

(nCi/ml).

ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gases) in pCi/ml as specified in 10 CFR 20, Appendix B,
Table 2. See Appendix B for a list of ECL values.

CN% = Total concentration at point of discharge of all dissolved and entrained noble

gases in liquids from all station sources (pCi/ml)

Ci"9 = Concentration at point of discharge of dissolved and entrained noble gas "i" in

liquids from all station sources (1Ci/ml)

2.2 Method to Determine Radionuclide Concentration for Each Liquid Effluent Source

2.2.1

Waste Test Tanks

C,i is determined for each radionuclide detected from the activity in a representative grab
sample of any of the waste test tanks and the predicted flow at the point of discharge.

The batch releases are normally made from two 25,000-gallon capacity waste test tanks.
These tanks normally hold liquid waste which may have been processed through the
installed vendor equipment. The waste test tanks can also contain other waste such as
liquid taken directly from the floor drain/chemical drain treatment tanks when that liquid
does not require processing in the evaporator, from the installed vendor resin skid,
distillate from the boron recovery evaporator when the BRS evaporator is substituting for
the waste evaporator, or waste distillate from the Steam Generator Blowdown System
when that system must discharge liquid off site.

If testing indicates that purification of the waste test tank contents is required prior to
release, the liquid can be circulated through the waste demineralizer and filter.

The contents of the waste test tank may be reused in the Nuclear System if the sample test
meets the purity requirements.

Prior to discharge, each waste test tank is analyzed for principal gamma emitters in
accordance with the liquid sample and analysis program outlined in Part A to the ODCM.
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Turbine Building Sump

The Turbine Building sump collects leakage from the Turbine Building floor drains and
discharges the liquid unprocessed to the circulating water system.

‘Sampling of this potential source is normally done once per week for determining the

radioactivity released to the environment (see Table A.6.1-1).

Steam Generator Blowdown Flash Tank

The primary method to process radioactive secondary liquid from the steam generators is
to direct steam blowdown flash tank bottoms cooler discharge to the floor drain tanks. If
no secondary pressure is available, the steam blowdown and wet lay-ups pumps can be
used. From the floor drain tanks, processing through the installed vendor resin skid
(WL-SKD-135) to the waste test tanks is the preferred method. Other methods may be
used as defined below. :

The steam generator blowdown evaporators may process the liquid from the steam
generator blowdown flash tank when there is primary to secondary leakage. Distillate
from the evaporators can be sent to the waste test tanks or recycled to the condensate
system. When there is no primary to secondary leakage, flash tank liquid is processed
through the steam generator blowdown demineralizers and returned to the secondary side.

Steam generator blowdown is only subject to sampling and analysis when all or part of
the blowdown liquid is being discharged to the environment instead of the normal
recycling process (see Table A.6.1-1).

Primary Component Cooling Water (PCCW) System

The PCCW System is used to cool selected primary components.

The system is normally sampled weekly to determine if there is any radwaste in-leakage.
If leakage has been determined, the Service Water System is sampled to determine if any
release to the environment has occurred.

Water Treatment System (Condensate Polishing System)

The addition to the plant design of a Condensate Polishing System (CPS) for secondary
side water treatment creates the potential for radiological contaminated effluents to be
discharge from the Mixed Bed or Cation Demineralizers (during Megarinse) and from the
Neutralization Tank (1-WT-TK-32) and the Low Conductivity Tank (1-CPS-TK-274) to
the Circulating Water System via the Water Treatment System Piping following
regeneration of the resin beds.

Prior to discharge, each tank or vessel to be processed is sampled and analyzed for
principal gamma emitters in accordance with the Liquid Sample and Analysis Program
outlined in Part A to the ODCM.
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3.0

OFF-SITE DOSE CALCULATION METHODS

Chapter 3 provides the basis for station procedures required to meet the Radiological Effluent
Control Program (RECP) dose and dose rate requirements contained in ODCM Part A Controls.
A simple, conservative method (called Method I) is listed in Tables B.1-2 to B.1-7 for each of the
requirements of the RECP. Each of the Method I equations is presented in Part B, Sections 3.2
through 3.9. As an alternate to Method I, the EMS computer program documented in -
Appendix C can be used to determine regulatory compliance for effluent doses and dose rates.
The use of the EMS software is designated as Method IA in Chapter 3. In addition, those
sections include more sophisticated methods (called Method II) for use when more refined results
are needed. This chapter provides the methods, data, and reference material with which the
operator can calculate the needed doses, dose rates and setpoints. For the requirements to
demonstrate compliance with Part A off-site dose limits, the contribution from all measured
ground level releases must be added to the calculated contribution from the vent stack to
determine the Station's total radiological impact. The bases for the dose and dose rate equations
are given in Chapter 7.0.- Method IA bases and soﬁware verification documentatlon are

contained i in Appendix C.

The Annual Radioactive Efﬂuent Release RepbrL to be filed after January 1 each year per
Technical Specification 6.8.1.4, and Part A, Section 10.2, requires that meteorological conditions
concurrent with the time of release of radioactive materials in gaseous effluents, as determined

- by sampling frequency and measurement, be used for determining the gaseous pathway doses.

For continuous release sources (i.e., plant vent, condenser air removal exhaust, and gland steam

- packing exhauster), concurrent quarterly average meteorology will be used in the dose

calculations along with the quarterly total radioactivity released. For batch releases or’

identifiable operational activities (i.e., containment purge or venting to atmosphere of the Waste

Gas System), concurrent meteorology during the period of release will be used to determine dose
if the total noble gas or iodine and particulates released in the batch exceeds five percent of the
total quarterly radioactivity released from the unit; otherwise quarterly average meteorology will
be applied. Quarterly average meteorology will also be applied to batch releases if the hourly
met data for the period of batch release is unavailable. ‘

Annual dose assessment reports prepared in accordance with the requirements of the ODCM will

‘include a statement indicating that the dppropriate portions of Regulatory Guide 1.109 (as -

identified in the individual subsections of the ODCM for each class of effluent exposure) have

‘been used to determine dose 1mpact from station releases. Any'deviation from the methodology,

assumptions, or parameters given in Regulatory Guide 1.109, and not already identified in the

" bases of the ODCM, will be expllcxtly descnbed in the effluent report, a]ong with the bases for

the devxatlon

......
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3.1

Introductory Concepts

In Part A Controls, the RECP limits for dose or dose rate are stated. The term "dose" for
ingested or inhaled radioactivity means the dose commitment, measured in mrem, which results
from the exposure to radioactive materials that, because of uptake and deposition in the body,
will continue to expose the body to radiation for some period of time after the source of
radioactivity is stopped. The time frame over which the dose commitment is evaluated is

50 years. The phrases "annual dose" or "dose in one year" then refers to the 50-year dose
commitment resulting from exposure to one year's worth of releases. "Dose in a quarter”
similarly means the 50-year dose commitment resulting from exposure to one quarter's releases.
The term "dose," with respect to external exposures, such as to noble gas clouds, refers only to
the doses received during the actual time period of exposure to the radioactivity released from the
plant. Once the source of the radioactivity is removed, there is no longer any additional
accumulation to the dose commitment.

"Dose rate" is the total dose or dose commitment divided by exposure period. For example, an
individual who is exposed via the ingestion of milk for one year to radioactivity from plant
gaseous effluents and receives a 50-year dose commitment of 10 mrem is said to have been
exposed to a dose rate of 10 mrem/year, even though the actual dose received in the year of
exposure may be less than 10 mrem.

In addition to limits on dose commitment, gaseous effluents from the station are also controlled
so that the maximum or peak dose rates at the site boundary at any time are limited to the
equivalent annual dose limits of 10 CFR Part 20 to unrestricted areas (if it were assumed that the
peak dose rates continued for one year). These dose rate limits provide reasonable assurance that
members of the public, either inside or outside the site boundary, will not be exposed to annual
averaged concentrations exceeding the limits specified in Appendix B, Table 2 of

10 CFR Part 20. See Appendix B for a listing of these concentration limits.

The quantities AD and D are introduced to provide calculable quantities, related to off-site doses
or dose rates that demonstrate compliance with the RETS. -

Delta D, denoted AD, is the quantity calculated by the Part B, Chapter 3, Method I dose
equations. It represents the conservative increment in dose. The AD calculated by Method I
equations is not necessarily the actual dose received by a real individual, but usually provides an
upper bound for a given release because of the conservative margin built into the dose factors and
the selection and definition of critical receptors. The radionuclide specific dose factors in each
Method I dose equation represent the greatest dose to any organ of any age group. (Organ dose is
a function of age because organ mass and intake are functions of age.) The critical receptor
assumed by "Method I" equations is then generally a hypothetical individual whose behavior - in
terms of location and intake - results in a dose which is higher than any real individual is likely to
receive. Method IA dose calculations using the EMS software evaluate each age group and
organ combination to determine the maximum organ dose for cach mix of radionuclides
specified in a release period. Method II also allows for a more exact dose calculation for each

individual if necessary.
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D dot, denoted D, is the quantity calculated in the Part B, Chapter 3 dose rate equations. It is
calculated using the station's effluent monitoring system reading and an annual or long-term
average atmospheric dispersion factor. D predicts the maximum off-site annual dose if the peak
observed radioactivity release rate from the plant stack continued for one entire year. Since peak
release rates, or resulting dose rates, are usually of short time duration on the order of an hour or
less, this approach then provides assurance that 10 CFR 20.106 limits will be met. -

Each of the methods to calculate dose or dose rate is presented in the following subsections.
Each dose type has two levels of complexity. Method I is the simplest and contains many
conservative factors. As an alternate to Method I the EMS computer program documented in
Appendix C can be used to determine regulatory compliance for effluent doses and dose rates.
The use of the EMS system is designated as Method IA in Chapter 3 of Part B.

Method II is a more realistic analysis which makes use of the models in Regulatory Guide 1.109
(Revision 1), as noted in each subsection of Part B, Chapter 3 for the various exposure types. A
detailed description of the methodology, assumptions, and input parameters to the dose models
that are applied in each Method II calculation, if not already explicitly described in'the ODCM,
shall be documented and provided when this option is used for NRC reporting and ODCM,

Part A RECP dose compliance.
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3.2

3.2.1

where

Method to Calculate the Total Body Dose from Liquid Releases

Part A Control C.6.2.1 limits the total body dose commitment to a member of the public from
radioactive material in liquid effluents to 1.5 mrem per quarter and 3 mrem per year per unit.
Part A Control C.6.3.1 requires liquid radwaste treatment when the total body dose estimate
exceeds 0.06 mrem in any 31-day period. Part A Control C.8.1.1 limits the total body dose
commitment to any real member of the public from all station sources (including liquids) to
25 mrem in a year.

Use Method I or Method IA first to calculate the maximum total body dose from a liquid release
from the station as it is simpler to execute and more conservative than Method II.

Use Method II if a more refined calculation of total body dose is needed, i.e., Method I or
Method IA indicates the dose might be greater than Part A Control limits.

To evaluate the total body dose, use Equation 3-1 to estimate the dose from the planned release
and add this to the total body dose accumulated from prior releases during the month. See
Part B, Section 7.1.1 for basis.

Method I

The total body dose from a liquid release is: .

D, =k2. Q; DFLi (3-1)

(e = () () 2o

1Ci

DFLiw» = Site-specific total body dose factor (mrem/pCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.

Qi = Total activity (nCi) released for radionuclide "i". (For strontiums, use the most
recent measurement available.)

k = 918/Fy; where F4 is the average (typically monthly average) dilution flow of the
Circulating Water System at the point of discharge from the multiport diffuser
(in ft3/sec). For normal operations with a cooling water flow of 918 f’/sec, k is
equal to 1. During periods when no or low flow is recorded from the Discharge
Transition Structure (DTS), a minimum dilution flow of 23 ft*/sec (10,500 gpm
for one service water pump) can be used since this would be the minimum flow
available when discharges to the tunnel are reestablished. Alternately, the
monthly average discharge flow for the period in which the release occurs can be
used when this value is available.
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3.2 Method to Calculate the Total Body Dose from Liquid Releases

3.2.1 Method I (Continued)

Equation 3-1 can be applicd under the followmg condmons (otherwrse justify Method I or consider
Method II):

| L1qu1d releases via the multrport dlffuser to unrestricted areas (at the edge of the initial
mixing or prompt dilution zore that corresponds to a factor of 10 dllutlon) and’

2. Any continuous or batch release over any time period up to 1 year. For annual dose
estimates, the annual average dlscharge flow from the DTS should be used as the dilution

“flow estimate.

Method IA is implemented by the EMS software as described in Appendix C. quurd release
models are detailed in sections 2.1 - 2.6 of the EMS Techmcal Reference Manual (Attachment 4

of Appendix C).
322 MethodTl ‘ o o E S |

Method II consists of the models, input data and assumptions (broaccumulatlon factors,
shore-width factor, dose conversion factors, and transport and buildup times) in Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (A-3 and A-7) taken from Regulatory -

Guide 1.109, and used in the derivation of the simplified Method I approach as described in the
Bases section, are also applied to Method II assessments, except that doses calculated to the
whole body from radioactive effluents are evaluated for each of the four age groups to determine
the maximum whole body dose of an age-dependent individual via all existing exposure
pathways. Table B.7-1 lists the usage factors of Method Il calculations. As noted in

Section B.7.1, the mixing ratio associated with the edge of the 1°F surface isotherm above the
multiport diffuser may be used in Method II calculations for the shoreline exposure pathway
(Mp = 0.025). Aquatic food ingestion pathways shall limit credit taken for mixing zone dilution
to the same value assumed in Method I (Mp 0.10). .
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3.3

3.3.1

where

Method to Calculate Maximum Organ Dose from Liquid Releases

Part A Control C.6.2.1 limits the maximum organ dose commitment to 2 Member of the Public
from radioactive material in liquid effluents to 5 mrem per quarter and 10 mrem per year per unit.
Part A Control C.6.3.1 requires liquid radwaste treatment when the maximum organ dose
projected exceeds 0.2 mrem in any 31 days (see Part B, Subsection 3.11 for dose projections).
Part A Control C.8.1.1 limits the maximum organ dose commitment to any real member of the
public from all station sources (including liquids) to 25 mrem in a year except for the thyroid,
which is limited to 75 mrem in a year.

Use Method I or Method IA first to calculate the maximum ofgan dose from a liquid release to
unrestricted areas (see Figure B.6-1) as it is simpler to execute and more conservative than

Method IL

Use Method II if a more refined calculation of organ dose is needed, i.e., Method I or Method IA
indicates the dose may be greater than the limit.

Use Equation 3-2 to estimate the maximum organ dose from individual or combined liquid
releases. See Part B, Section 7.1.2 for basis.

Method I

The maximum organ dose from a liquid release is:

| D,m = kz Q; DFLim (3-2)

(mrem) = () (uCi) (HLT:TJ

DFLime =  Site-specific maximum organ dose factor (mrem/pCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.

Qi = Total activity (uCi) released for radionuclide "i". (For composited analyses of
strontiums, use the most recent measurement available.)

k = 918/Fy; where Fj4 is the average (typically monthly average) dilution flow of the
Circulating Water System at the point of discharge from the multiport diffuser (in
ft’/sec). For normal operations with a cooling water flow of 918 ft’/sec, k is equal
to 1. During periods when no or low flow is recorded from the Discharge
Transition Structure (DTS), a minimum dilution flow of 23 ft*/sec (10,500 gpm
for one service water pump) can be used since this would be the minimum flow
available when discharges to the tunnel are reestablished. Alternately, the
monthly average discharge flow for the period in which the release occurs can be
used when this value is available.
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3.3 Method to Calculate Maximum Organ Dose from Liquid Releases

3.3.1 Method I (Continued)

Equation 3-2 can be apphed under the followmg condmons (otherwise, justify Method 1 or consider
Method I):

1. 'Liquid releases via the multiport diffuser to unrestricted areas (at the edge of the initial
mixing or prompt dilution zone that corresponds to a factor of 10 dilution), and

2. Any continuous or batch release over any time period up to 1 year. For annual dose
estimates, the annual average discharge flow from the DTS should be used as the dilution

ﬂow estimate.

Method 1A i is 1mp1emented by the EMS software as descnbed in Appendlx C. L1qu1d release
models are detailed in sectlons 2.1-2.6 of the EMS Technical Reference Manual (Attachment 4

of Appendix C)

3.3.2 Method II

Method IT consists of the models, mput 'data and assumptions (bioaccumulation factors, "
ShOI‘C-Wldlh factor dose conversion factors and transport and bu11dup txmes) in Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general eéquations (A-3 and A-7) taken from Regulatory -
Guide 1.109, and used in the derivation of the simplified Method I approach as described in the
Bases section, are also applied to Method II assessments, except that doses calculated to critical
organs from radioactive effluents are evaluated for each of the four age groups to determine the *
maximum critical organ of an age-dependent individual via all existing exposure pathways.
Table B.7-1 lists the usage factors for Method II calculations. As noted in Section B.7.1, the
mixing ratio associated with the edge of the 1°F surface isotherm above the multiport diffuser
may be used in Method II calculations for the shoreline exposure pathway (Mp = 0.025).
Aquatic food ingestion pathways shall limit credit taken for m1xmg zone dilution to the same
value assumed in Method I (M, = 0. 10)
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3.4

3.4.1

where

Method to Calculate the Total Body Dose Rate from Noble Gases

Part A Control C.7.1.1 limits the dose rate at any time to the total body from noble gases at any
location at or beyond the site boundary to 500 mrem/year. The Part A Control indirectly limits
peak release rates by limiting the dose rate that is predicted from continued release at the peak

rate. By limiting D, to a rate equivalent to no more than 500 mrem/year, we assure that the
total body dose accrued in any one year by any member of the general public is less than
500 mrem.

Use Method I or Method IA first to calculate the Total Body Dose Rate from the peak release rate
via the station vents or ground level effluent release points. Method I applies at all release rates.

Use Method II if a more refined calculation of D, is desired by the station (i.e., use of actual
release point parameters with annual or actual meteorology to obtain release-specific X/Qs) or if
Method I or Method IA predicts a dose rate greater than the Part A Control limit to determine if it
had actually been exceeded during a short time interval. See Part B, Section 7.2.1 for basis.

Compliance with the dose rate limits for noble gases are continuously demonstrated when
effluent release rates are below the plant vent noble gas activity monitor alarm setpoint by virtue
of the fact that the alarm setpoint is based on a value which corresponds to the off-site dose rate
limit, or a value below it. Determinations of dose rate for compliance with Part A Control are
performed when the effluent monitor alarm setpoint is exceeded, or as required by the Action
Statement (Part A Control C.5.2, Table A.5.2-1) when the monitor is inoperable.

Method I

The Total Body Doé¢ Rate to an off-site receptor due to noble gases in effluents released via the
plant vent can be determined as follows:

D, °8 *X (Q‘DFB.) (3-3a)

(e)

mrem _ ( pCi-sec 5 ( ,uCi) mrem - m®
yr uCi—-m’ sec pCi-yr

D " = The off-site total body dose rate (mrem/yr) due to noble gases in elevated effluent
the
releases,
(.2 = the release rate at the station vents (uCi/sec), for each noble gas radionuclide, "“i",

shown in Table B.1-10, and
DFB; = total body gamma dose factor (see Table B.1-10).

The Total'Body Dose Rate (to an off-site receptor) due to noble gas in ground level effluent
releases can be determined as follows:
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34
34.1

where

Method to Calculate the Total Body Dose Rate from Noble Gases

Method I (Continued)
Dup= 34 "*2(Q*DFB) = o (3-3b)

mrem _ ( pCi-sec Z (ﬂCl) mrem - m’
yr uCi—m’ sec pCi-yr

The total off-site body dose rate (mrem/yr) due to noble gases in ground level
equivalent efﬂuent releases and ' '

Dtb(x)

('2 and DFBi are as defined for Equatieh 3-3a.
i.

" For the special on-site receptor locations, the Science & Nature Center and the "Rocks," the total

where

body dose rates due to noble gases in efﬂuent discharges can be determined as follows:

For the Science & Nature Center, elevated efﬂuent release

Dur = 0.0015* Z (Q,*DFBY) (3-3¢)

For the Science & Nature Center, ground level effluent release:

Dusg = 0.0074* 3 (Q,* DFB) (3-3d)

For the "Rocks," elevated effluent release:

Dure =0.038* " (Q,* DFB) (3-3¢)
i

For the "Rocks," ground level effluent release:

Durgy =0.2* Z (Q,*DFB) (3-3)

Duete)> Diveg)s Divreeys and Dy, R = The total body dose rate (mrem/yr) at the Science &

Nature Center and the "Rocks,” respectively, due to
noble gases in gaseous discharges from elevated (e)
and ground level (g) release points, and

Q, and DFB; are as defined previously.
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Equations 3-3a through 3-3f can be applied under the following conditions (otherwise, justify Method I
or consider Method II):

1.  Normal operations (nonemergency event), and
2. " Noble gas releases via any station vent to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).

3.4.2 Method Il

Method II consists of the model and input data (whole body dose factors) in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equation (B-8) taken from Regulatory Guide 1.109, and
used in the derivation of the simplified Method I approach as described in the Bases section, is
also applied to a Method II assessment. No credit for a shielding factor (Sg) associated with
residential structures is assumed. Concurrent meteorology with the release period may be
utilized for the gamma atmospheric dispersion factor identified in ODCM Equation 7-3 (Part B,
Section 7.2.1), and determined as indicated in Part B, Section 7.3.2 for the release point (either
ground level or vent stack) from which recorded effluents have been discharged.
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3.5

METHOD TO CALCULATE THE SKIN DOSE RATE FROM NOBLE GASES

Part A Control C.7.1.1 limits the dose rate at any time to the skin from noble gases at any
location at or beyond the site boundary to 3,000 mrem/year. The Part A Control indirectly limits
peak rclease rates by limiting the dose rate that is predicted from continued release at the peak

"rate. By limiting ,;, to a rate equivalent to no more than 3,000 mrem/year, we assure that the

skin dose accrued in any one year by any member of the general public is less than 3,000 mrem.
Since it can be expected that the peak release rate on which [y,;, is derived would not be

exceeded without corrective action being taken to lower it, the resultant average release rate over
the year is expected to be considerably less than the peak release rate.

Use Method I or Method IA first to calculate the Skin Dose Rate from peak release rate via
station vents. Method I applies at all re]ease rates.

Use Method II if a more refined ca]cu]atxon of Dy, is desired by the station (i.e., use of actual
release point parameters with annual or actual meteorology to obtain release-specific X/Qs) or if
Method I or Method IA predicts a dose rate greater than the Part A Control limit to determine if it
had actually been exceeded during a short time interval. See Part B, Section 7.2.2 for basis.

Compliance with the dose rate limits for noble gases are continuously demonstrated when
effluent release rates are below the plant vent noble gas activity monitor alarm setpoint by virtue
of the fact that the alarm setpoint is based on a value which corresponds to the off-site dose rate

. limit, or a value below it. Determmatlons of dose rate for compliance with Part A Controls are

3.5.1

where

“performed when the effluent monitor alarm setpomt is exceeded.

Method I

For an off-site receptor and elevated effluent release, the Skin Dose Rate due to noble gases is:

Dsldn(c) = z (Q, * DFll(e)) N ) ‘ (3‘43)

mrem ¥ ( ,uCi) mrem - Sec
yr sec MCi-yr

the off-site skin dose rate (mrem/yr) due to noble gases in an effluent discharge

'Dskin(e) . =
from an elevated release point,
Qi = as defined previously, and
DF,,, = the combined skin dose factor for elevated discharges (see Table B.1-10).
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where

where

For an off-site receptor and ground level release, the skin dose rate due to noble gases is:

Dot = 2., (Q *DFyy) (3-4b)

Daking) The off-site skin dose rate (mrem/yr) due to noble gases in an effluent discharge
from a ground level release point,

Q, = as defined previously, and

DF,, = The combined skin dose factor for ground level discharges (see Table B.1-10).

For an on-site receptor at the Science & Nature Center and elevated release conditions, the skin
dose rate due to noble gases is:

Daasio = 00014 * ¥ (Qi* D) (3-4c)

Datine) The skin dose rate (mrem/yr) at the Science & Nature Center due to noble gases
in an elevated release,

Q = as defined previously, and

DFg,, = the combined skin dose factor for elevated discharges (see Table B.1-13).

For an on-site receptor at the Science & Nature Center and ground level release conditions, the skin dose
rate due to noble gases is:

where

Diinzi = 0.0014* 37 (Qi* DFy) (3-4d)

Daineip = the skin dose rate (mrem/yr) at the Science & Nature Center due to noble gasesin a

ground level release,

Q, = asdefined previously, and

DFy, = The combined skin dose factor for ground level discharges (see Table B.1-13).
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~

where

where

For an on-site receptor at the "Rocks" and elevated release conditions, the skin dose rate due to
noble gases is:

DskinR(e)=o'QO76*.Z (Ql *'DFi'R(e)) e ot : : (3-4e)

the skin dose rate 'a't"th'e. ‘"quks'f due to hoble gases in ah"elevated release,

Dski;:i'{(c)
Q, = as defined i)ré\}iousi;'; and .
DFg = The combined skin dose factor for elevated discharges (see Table B.1-13).

For an on-site receptor at the "Rocks" and ground level release conditions, the skin dose rate due
to noble gases is:

Daip = 0.0076* 3 (Q; * DFggy)) (3-4f)

Dairgy = the skin dose rate (mrem/yr) at the "Rocks" due to noble gases in a ground level
release,

Q = as defined previously, and

DFg,, = the combined skin dose factor for ground level discharges (see Table B.1-13).

Equations 3-4a through 3-4f can be applied under the following conditions (otherwise, justify
Method I or consider Method II).

1. Normal operations (nonemergency event), and
2. Noble gas releases via any station vent to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification

(Attachment 3 of Appendix C).
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3.5.2 MethodII

Method II consists of the model and input data (skin dose factors) in Regulatory Guide 1.109,
Rev. 1 (Reference A), except where site-specific data or assumptions have been identified in the

- ODCM. The general equation (B-9) taken from Regulatory Guide 1.109, and used in the
derivation of the simplified Method I approach as described in the Bases section, is also applied
to a Method II assessment, no credit for a shielding factor (Sg) associated with residential
structures is assumed. Concurrent meteorology with the release period may be utilized for the
gamma atmospheric dispersion factor and undepleted atmospheric dispersion factor identified in
ODCM Equation 7-8 (Part B, Section 7.2.2), and determined as indicted in Part B, Sections 7.3.2
and 7.3.3 for the release point (either ground level or vent stack) from which recorded effluents

have been discharged.
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3.6 .

Method to Calculate the Critical Organ Dose Rate from Iodines, Tritium and
Particulates with T,,; Greater Than 8 Days

Part A Control C.7.1.1 limits the dose rate at any time to any organ from 131y 133 3 and

" radionuclides in particulate form with half lives greater than 8 days to 1500 mrem/year to any

3.6.1

where

organ. The Part A Control indirectly limits peak release rates by limiting the dose rate that is
predicted from continued release at the peak rate. By limiting D, to a rate equivalent to no more

than 1500 mrem/year, we assure that the critical organ dose accrued in any one year by any
member of the general public is less than 1500 mrem. :

Use Method I or Method IA first to calculate'the Critical Organ Dose Rate from the peak release
rate via the station vents. Method I applies at all release rates.

Use Method 11 1f a more refined calcu]atlon of P,, is desired by the station (i.e., use of actual

release pomt parameters with annual or actisal meteoro]ogy to obtain release-specific X/Qs) or if
Method I or Method 1A predrcts a dose rate greater than the Part A Control limit to determme ifit

Method I

The Critical Organ Dose Rate to an off-site receptor and elevated release conditions can be
determined as follows:

Dco(e) = Z(Q * DFG;co(c)) . (3'58)
mrem |} (&) . mrem-sec
yr B sec MCi-yr

= The off-site critical ¢ organ dose rate (mrem/yr) due to iodine, tritium, and
particulates in an elevated release

D cofe)

Q = the activity release rate at the station vents of radionuclide "i" in nCi/sec (i.e.,

total activity measured of radionuclide "i" averaged over the time period for

which the filter/charcoal sample collector was in the effluent stream. Fori=
Sr89 or Sr90, use the best estimates, such as most recent measurements), and
mrem - sec

- ) for an elevated
HCi-yr '

DFG icoe) = the site-specific critical organ dose rate factor (

gaseous release (See Table B.1-12).
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where

where

For an off-site receptor and ground level release, the critical organ dose rate can be determined as

follows:

Dexp = 2, (Q DF Gl (3-3b)

Deote) the off-site critical organ dose rate (mrem/yr) due to iodine, tritium, and
particulates in a ground level release,

Q = asdefined previously, and

DFG'i= the site-specific critical organ dose rate factor for a ground level gaseous

discharge (see Table B.1-12).

For an on-site receptor at the Science & Nature Center and elevated release conditions, the
critical organ dose rate can be determined as follows:

Deorrey =0-0014* > (Q, DF G g,y (3-5¢)

Deokre) The critical organ dose rate (mrem/yr) to a receptor at the Science & Nature
Center due to iodine, tritium, and particulates in an elevated release,

Q, = asdefined previously, and

DFGicoke) = the Science & Nature Center-specific critical organ dose rate factor for an

elevated discharge (see Table B.1-14).
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where

where

rate is:

where

For an on-site receptor at the Science & Nature Center and ground level release conditions, the
critical organ dose rate is: :

Dezy =0.0014* 3 (Q*DFGieey)  ~ | (3-5d)

the critical organ dosé rate (mrem/yr) to a receptor at the Science & Nature

DcoEké)
Center due to iodine, tritium, and particulates in a ground level release,

Q, = as defined previously, and

DFG'iory - = the Science & Natﬁre,(fenter—speciﬁc critical organ dose rate factor for a
a ~* ground level discharge (see Table B.1-14). '

For an on-site receptor at the "Rocks" and elevated release conditions, the critical organ dose rate

-182

Danig=00076* 3 (Q*DFGie) . ° o (3-5¢)

Deoree) The critical organ dose rate (mrem/yr) to a receptor at the "Rocks" due to iodine,

tritium, and particulates in an elevated release,
Q = as defined previously, and

DFG'icor(e) = the "Rocks"-specific critical organ dose rate factor for an elevated discharge
(see Table B.1-15).

For an on-site receptor at the "Rocks"” and ground level release conditions, the critical organ dose

Deorg = 0-0076* 3 (Q, * DFGepay)) (3-5)
Deor and Q, = are as defined previously, and
DFG'icor(s) = the "Rocks"-specific critical organ dose rate factor for a ground level

discharge (see Table B.1-15).
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3.6.2

Equations 3-5a through 3-5f can be applied under the followmg conditions (otherwise, justify
Method I or consider Method II):

1.  Normal operations (not emergency event), and
2. Tritium, I-131 and particulate releases via monitored station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification

(Attachment 3 of Appendix C).

Method II

Method II consists of the models, input data and assumptions in Appendix C of Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM (see Tables B.7-2 and B.7-3). The critical organ dose rate will be
determined based on the location (site boundary, nearest resident, or farm) of receptor pathways
as identified in the most recent annual land use census, or by conservatively assuming the
existence of all pathways (ground plane, inhalation, ingestion of stored and leafy vegetables,
milk, and meat) at an off-site location of maximum potential dose. Concurrent meteorology with
the release period may be utilized for determination of atmospheric dispersion factors in
accordance with Part B, Sections 7.3.2 and 7.3.3 for the release point (either ground level or vent
stack) from which recorded effluents have been discharged. The maximum critical organ dose
rates will consider the four age groups independently, and take no credit for a shielding factor
(Sk) associated with residential structures.
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3.7

3.7.1

where

Method to Calculate the Gamma Air Dose from Noble Gases

. Part A Control C.7.2.1 limits the gamma dose to air from noble gases at any location at or

beyond the site boundary to 5 mrad in any quarter and 10 mrad in any year per unit. Dose
evaluation is required at least once per 31 days.

Use Method I or Method IA first to calculate the gamma air dose from the station gaseous
effluent releases during the period. "

Use Method II if a more refined calculation is needed (i.e., use of actual release point parameter
with annual or actual meteorology to obtain release-specific X/Qs), or if Method I or
Method IA predicts a dose greater than the Part A Control limit to determine if it had
actually been exceeded. See Part B, Section 7.2.4 for basis.

Method 1

The general form of the gamma air dose:equation is:

i

1, =3.17E-02 % [%L eyl o) 1 (3-6)

_ (pCi-yr ), [sec], (1. .. [ mrad-m’
(mrad) = (,uCi-sec) (m’) ('); ‘F“(/‘Jcl) ( pCi-yr)

Dv,;; is the gamma air dose.

3.17E-02 is the number of pCi per pCi divided by the number of second per year,

[X/QY,, is the 1-hour gamma atmospheric dispersion factor,

1

t? is a unitless factor which adjusté thé’ 1-hour [X/Q]7 value for a releaée.with a total
duration of t hours,

Qi is the total activity in puCi of each radionuclide "i" released to the atmosphére from the
station gaseous effluent release point during the period of interest, and

DF! is the gamma dose factor to air for radionuclide "i" (see Table B.1-10).

Incorporating receptor location-specific atmospheric dispersion factors ([X/QJ?), adjustment
factors (t?) for elevated and ground-level effluent release conditions, and occupancy factors when
applicable (see Section 7.2.7), yields a series of equations by which the gamma air dose can be
determined.
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Maximum off-site receptor location, elevated release conditions:

-0.275

Dlg = 3.2E-07 = ¢ * 3 (Q;*DF) (3-6a)
i
mrad-m’)

(nrad) = (p—c‘—y’—)  ( )*Z(#Ci)[ :
pCi-yr

HCi-m

Maximum off-site receptor location, ground-level release conditions:

Dl = 1.6E-06 * t**° * T (Q*DF)) (3-6b)
1

(mrad) = ("—C‘iJ " ( )*):(;:Ci)(

mrad - m?
uCi-m

pCi-yr

Science & Nature Center receptor; elevated release conditions:

Dlipg = 4.9E-10*°¥2* 3 (Q,* DF)) (3-6¢c)
Ci- ., mrad-m?
(mrad)y= = ()T (uCi*r 22
#Ci-m pCi-yr

Science & Nature Center receptor; ground-level release conditions:

Dfigy =4.4E-09* g2 Z(Q. *DF)) (3-6d)
i- .. mrad-m’
(mrad)=(REYEy ()3 (i B2
#Ci-m pCi-yr

Receptor at the "Rocks"; elevated release conditions:

Dlinge = 5.1E-09* %455 5°(Q, * DF)) (3-6¢)
- - 3
(rarad) = (EE2Yy ()3 (u Cie B2
H#Ci-m pCi-yr
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3.7.2

f.  Receptor at the "Rocks"; groungiilevel release conditions:
Diingp = 4:1E-08* "% 3 (Q,* DF}) - (3-6f)

mrad- m’

(mrad) =L+ ()T uci o

)

Equations 3-6a through 3-6f can be apphed under the followmg condmons (otherwxse justify
Method I or consxder Method 1): Co

1. Nommal operatlons (nonemergency event) and
2.  Noble gas releases via station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification

(Attachment 3 of Appendix C).
Method I

Method II consists of the models, mput data (dose factors) and assumptlons in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (B-4 and B-5) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method I approach as described in the
Part B Bases Section 7.2.4 are also applied to Method II assessments. Concurrent meteorology
with the release period may be utilized for the gamma atmospheric dispersion factor identified in
ODCM Equation 7-14, and determined as indicated in Part B, Section 7.3.2 for the release point
(either ground level or vent stack) from which recorded effluents have been discharged.
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3.8

3.8.1

Method to Calculate the Beta Air Dose from Noble Gases

Part A Control C.7.2.1 limits the beta dose to air from noble gases at any location at or beyond
the site boundary to 10 mrad in any quarter and 20 mrad in any year per unit. Dose evaluation is

required at least once per 31 days.

Use Method I or Method IA first to calculate the beta air dose from gaseoué effluent releases
during the period. Method I applies at all dose levels.

Use Method II if a more refined calculation is needed (i.e., use of actual release point parameters
with annual or actual meteorology to obtain release-specific X/Qs) or if Method I or Method IA
predicts a dose greater than the Part A Control limit to determine if it had actually been
exceeded. See Part B, Section 7.2.5 for basis.

Method I

The general form of the beta air dose equation is:

D%, =3.17E-02*(X/Q),, *t** > (Q,* DFf) (3-7)

(mrad) (,uCi-m’) (ms) () Z(ﬂCI pCi- yr

where
Df . is the beta air dose,

3.17E-02 is the number of pCi per uCi divided by the number of seconds per year,
(X/Q)nr is the 1-hour undepleted atmospheric dispersion factor,

t2 is a unitless factor which adjusts the 1-hour X/Q value for a release with a total duration
of t hours,

Qjis the total activity (uCi) of each radionuclide "i" released to the atmosphere during the
period of interest, and

DF? is the beta dose factor to air for radionuclide "i" (see Table B.1-10).

Incorporating receptor location-specific atmospheric dispersion factor (X/Q), adjustment factors
(t™) for elevated and ground-level effluent release conditions, and occupancy factors when
applicable (see Section 7.2.7) yields a series of equations by which the Beta Air Dose can be

determined.
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Maximum off-site receptor location, elevated release conditions:
Dl =4.1E-7*t** 3 (Q,* DFf)
i R

mrad- m

pCi-yr )

(mrad)= (pci Nl )2( ci*

Maximum off-site feceptdr lo'cation; ground-level release conditions:

Dl =6.0E-06%* {27 Z(Q.— * DF!’)

mrad -m’

(mrad)= (pC‘ ) ()T (uCi®
pCi-yr

)
Science & Nature Center reeeptor; elevated release conditions:
Dl =1.8E-09%** S (Q*DFf)

i g A

mrad-m’

pCi-yr )

(mrad)=(EEYy ()3 (uCi*
ﬂCl-m

Science & Nature Center receptor; ground-level release conditions:

Dl =2.4E-08* %5 "(Q,* DF/)

mrad- m3

(mrad)=(BE-Yy ()3 (pcir 2L
HCil-m pCi-yr

Receptor at the "Rocks"; elevated release conditions:
Diing =3.9E-087 2+ 3 (Q; *DFY)

mrad-m?

pCi-yr )

Ci- .
(mrad) = (225 # () Z(uci*
#Ci-m
Receptor at the "Rocks"; ground-level release conditions:

Dl = 4.6E-07* 027 Z(Qi *DFf)

(mrad) = (pc‘“) “()S(u c*“‘“’“’“)
Ci- pCi-yr
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3.8.2

Equations 3-7a through 3-7f can be applied under the following conditions (otherwise justify
Method I or consider Method II):

1. Normal operations (nonemergency event), and
2. Noble gas releases via station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification

(Attachment 3 of Appendix C).
Method II

Method II consists of the models, input data (dose factors) and assumptions in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (B-4 and B-5) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method I approach as described in the
Part B Bases Section 7.2.5, are also applied to Method I assessments. Concurrent meteorology
with the release period may be utilized for the atmospheric dispersion factor identified in ODCM
Equation 7-15, and determined, as indicated in Part B, Sections 7.3.2 and 7.3.3 for the release
point (either ground level or vent stack) from which recorded effluents have been discharged.
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3.9

3.9.1

where

Mecthod to Calculate the Critical Organ Dose from Iodines, Tritium and Particulates

Part A Control C.7.3.1 limits the critical organ dose to a member of the public from radioactive
iodines, tritium, and particulates with half-lives greater than 8 days in gaseous effluents to

7.5 mrem per quarter and 15 mrem per year per unit. Part A Control C.7.3.1 limits the total body
and organ dose to any real member of the public from all station sources (including gaseous
effluents) to 25 mrem in a year except for the thyroid, which is limited to 75 mrem in a year.

Use Method I or Method IA first to calculate the critical organ dose from gaseous effluent
releases as it is simpler to execute and more conservative than Method II. - :

Use Method I if a more refined calculation of critical organ dose is needed (i.e., Method I or
Method IA indicates the dose is greater than the limit). See Part B, Section 7.2.6 for basis.

Method I

Des = (X/Qir /RIQY" * £ * 3. (Q;* DFGier) (3-8)

sec mrem

(mrem) = (—)/( % ( )*Z(#C)*(

i

D,, is the critical organ dose from iodines, tritium, and particulates,

X/Q )ff:' is the 1-hour depleted atmospheric dispersion factor.

(X/Q)5 is the a‘nnual‘average dép].e'té&l’éﬁnégbhedc‘dispefsibn.'

t™ is a unitless adjustment factor to aécount for a release with a total duration of t hours,

Qi is the total activity in uCi of radionuclide "i" released to the atmosphere during the period of
interest (for strontiums, use the most recent measurement), and

DFG;, is the site-specific critical organ dose factor for radionuclide "i njn ', see Tables B.1-12,
B.1-14, and B.1-15. (For each radlonuchde 1t is the age group and organ with the largcst dose

factor.)

Incorporating receptor location-specific atmospheric dispersion factors ((X/Q)depl and (X/Q )d"")

and adjustment factors (t**) for elevated and ground- -level release conditions, and incorporating
occupancy factors when applicable (see Section 7.2.7), ylelds a series of equatxons by which the
critical organ dose can be determined.
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Maximum off-site receptor location, elevated release conditions:
Dco(e) = 14'8 * t-o'297 * Z(Qn * DFGico(e))
i

mrem

(mrem)=( )*( )X (uCi*—
uCi

)

Maximum off-site receptor location, ground-level release conditions:

Dco(g) =17.7* t-0.316 * Z(Q| * DFGico(g))

mrem

(mrem)=( )*( )X (uCi*—
#Ci

)
Science & Nature Center receptor; elevated release conditions:
DcoE(e) =3.3E-02* t-o.349 * Z(Q. * DFGieoE(e))

mrem

(mrem)=( )*( )X (uCi*——)
#Ci

Science & Nature Center receptor; ground-level release conditions:

Dot = 3.3E-02*1°** 3(Q, * DF Gicorte))
i

mrem
uCi

Receptor at the "Rocks"; elevated release conditions:

(mrem)=( )*( ) Z (uCi*

)

DcoR(c) = 7-3 E' 02 * t-O'Z“ * Z(Q. * DFGicoR(c))

mrem
uCi

Receptor at the "Rocks"; ground-level release conditions:

(mrem)=( )*( )X (uCi*

)

Duanp = 8.6E-02* ¢°%7* 3 (Q;* DF Gicnco)

mrem

(mrem)=( )*( )X (uCi*———)
#Ci
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3.9.2

Equations 3-8a through 3-8f can be apphed under the following conditions (otherwise, Justlfy
Method I or consider Method IT):

1.  Normal operations (nonemergency event),

2. Jodine, tritium, and pzirticulate releases via station vents to the iltmosphere, and

3. Any continuous or batch release over any time period.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Spemﬁcatlon
(Attachment 3 of Appendlx C).

Method II

Method I consnsts of the models, 1nput 'data and assumptions in Appendix C of Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM (see Tables B.7-2 and B.7-3). The critical organ dose will be determined

. based on the location (site boundary, nearest resident, or farm) of ‘receptor pathways, as identified

in the most recent annual land use ¢ensus, or by conservatively assuming the existence of all

pathways ( ground plane mhalatlon, 1ngest10n of stored and leafy vegetables, milk and meat) at

an off-site location of maximum potentxal dose. Concurrent meteorology with the release period
may be utilized for determination of atmosphenc dispersion factors in accordance with Part B,
Sections 7.3.2 and 7.3.3 for the release point (either ground level or vent stack) from which
recorded effluents have been discharged. The maximum critical organ dose will consider the
four age groups independently, and use a shielding factor (Sg) of 0.7 associated with residential
structures.
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3.10

3.10.1

Method to Calculate Direct Dose from Plant Operation

Part A Control C.8.1.1 restricts the dose to the whole body or any organ to any member of the
public from all uranium fuel cycle sources to 25 mrem in a calendar year (except the thyroid,
which is limited to 75 mrem). Direct radiation from contained sources is required to be included
in the assessment of compliance with this standard.

Method

The direct dose from the station will be determined by obtaining the dose from TLD locations
situated on-site near potential sources of direct radiation, as well as those TLDs near the site
boundary which are part of the environmental monitoring program, and subtracting out the dose
contribution from background. Additional methods to calculate the direct dose may also be used
to supplement the TLD information, such as high pressure ion chamber measurements, or
analytical design calculations of direct dose from identified sources (such as solid waste storage

facilities).

The dose determined from direct measurements or calculations will be related to the nearest real

- person off-site, as well as those individuals on-site involved in activities at either the Education

Center or the Rocks boat landing, to assess the contribution of direct radiation to the total dose
limits of Part A Control C.8.1.1 in conjunction with liquid and gaseous effluents.
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3.11

3.11.1

Dose Projections _
Part A Controls C.6.3.1 and C.7.4.1 require that appropriate portions of liquid and gaseous
radwaste treatment systems, respectively, be used to reduce radioactive effluents when it is
projected that the resultirig dose(s) would exceed limits which represent small fractions of the "as
low as reasonably achievable" criteria of Appendix I to 10 CFR Part 50. The surveillance
requirements of these Part A Controls state that dose projections be performed at least once per
31 days when the liquid radwaste treatment Systems or gaseous radwaste treatment systems are

not being fully utilized.

Since dose assessments are routinely performed at least once per 31-days to account for actual

releases, the projected doses shall be determined by comparing the calculated dose from the last

(typical of expected operations) completed 31-day period to the appropriate dose limit for use of

radwaste equipment, adjusted if appropriate for known or expected differences between past

operational parameters and those anticipated for the next 31 days. 1

Liquid Dose Prolectlon SR ' |
The 31-day l1qu1d dose pro_]ectlons are calculated by the followmg '. |

a.  Determine the total body le and organ dose Dy (Equatrons 3-1 and 3-2, respectively) for
the last typical completed 3 l-day period.’ The last typical 31- day period should be one
without significant identified operatlonal differences from the period being projected to,
such as full power operation vs. periods when the plant is shut down.' For periods with
identified opcratlonal dlfferences, Sklp to subsection 3.11.1.e. below.

b. Calculate the ratio (R;) of the total estlmated volume of batch releases expected to be
released for the projected period to that actually released in the reference period.

c. Calculate the ratio (R;) of the estimated gross primary 'co;olantactivity for the projected
period to the average value in the reference period. Use the most recent value of primary
coolant activity as the projected value if no trend in decreasing or increasing levels can be

determined.

d. Determine the projected dose from:
-Total Body: D,b pr= D,b . R| . Rz _
Max. Organ Dmo pr= D,m R| Rz

e. During penods when 51gn1ﬁcant operatlonal dlfferences are 1dent1ﬁed such as shutdowns
vs. normal power operations, or when specific treatment components are expected to be :
bypassed or out of service for repair or maintenance, the projected dose should be based !
on an assessment of the expected amount of radroactxvrty that could be discharged, both ;
. through treated and any untreated pathways over the next 31- days Specific
. consideration should be given to efﬂuent streams and treatment systems noted on
Figure B.6-1. The volume of llquld to be released, the current or prOJected maximum
radioactivity concentration in the effluent streams either prior to treatment or at the point
of release to the environment, and the duration of expected release evaluations should be
estimated as part of the projection of offsite dose.
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For these periods outside the bounds of steps 3.11.1.a. when significant operational
differences exist from the last reference period, the projected dose to the total body Dy,
and organ dose Dp, shall use Equations 3-1 and 3-2, respectively to project dose for each
definable time segment of release evolution and summed over the next 31 days. The
radioactive release quantity, Q;, in equations 3-1 and 3-2 represents the estimated quantity
of radionuclide "i" estimated to be released over the next 31 days, or during short time
periods for defined plant operational evaluations, based on expected volumes,
concentrations and treatment options to be applied.

The EMS software can also be used to perform monthly projected dose calculations as described
in Appendix C. The methodology applied by EMS in projecting liquid doses is outlined in
Section 2.7 of Attachment 4 to Appendix C (EMS Technical Reference Manual).

3.11.2 Gaéeous Dose Projections

1. For the gaseous radwaste treatment system, the 31-day dose projections are calculated by
the following:

a.  Determine the gamma air dose D7, (Equation 3-6a), and the beta air dose D%,
(Equation 3-7a) from the last typical 31-day operating period. The last typical
31-day period should be one without significant identified operational differences
from the period being projected to, such as full power steady state operation vs.
periods when the plant is shutdown. For periods with identified operational
differences, skip to subsection 3.11.2.2.e. below.

b.  Calculate the ratio (R3) of anticipated number of curies of noble gas to be released
from the hydrogen surge tank to the atmosphere over the next 31 days to the number
of curies released in the reference period on which the gamma and beta air doses are
based. Ifno differences between the reference period and the next 31 days can be
identified, set R3 to 1.

c.  Determine the projected dose from:

Gamma Air: DZirpr =Diir-Rs
Beta Air: D4 e =D -Rs
2. For the ventilation exhaust treatment system, the critical organ dose from iodines, tritium,

and particulates are projected for the next 31 days by the following:

a.  Determine the critical organ dose D, (Equation 3-8a) from the last typical 31-day
operating period. (If the limit of Part A Control C.7.4.1.c (i.e., 0.3 mrem in 31 days)
is exceeded, the projected controlled area annual total effective dose equivalent from
all station sources should be assessed to assure that the 10 CFR 20.1301 dose limits
to members of the public are not exceeded.)* . The last typical 31-day period should
be one without significant identified operational differences from the period being
projected to, such as full power steady state operation vs. periods when the plant is
shutdown. For periods with identified operational differences, skip to
subsection 3.11.2.2.e. below.
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b.  Calculate the ratio (Rs) of anticipated primary coolant dose equivalent I-131 for the
next 31 days to the average dose equivalent I-131 leve) during the reference period.
Use the most current determmatlon of DEI-131 as the pro_]ected value if no trend
can be determmed

c. Calcuiate the ratio (Rs) of an'tic'ipéted primary system‘ leakage rate to the average
leakage ratc during the reference period. Use the current value of the system
leakage as an estimate of the ant1c1pated rate for the next 31 daysif no trend can be

determined.
d.  Determine the projected dose from:
Critical Organ: Deopr = .D.cs; .Ry. Rs

e.  During periods when significant operational differences are identified, such as
shutdowns vs. normal power operations, or when specific treatment components are
expected to be bypassed or out of service for repair or maintenance, the projected
dose should be based on an assessment of the expected amount of radioactivity that
could be discharged, both through treated and any untreated pathways, over the next
31 days. Specific consideration should be given to effluent streams and treatment
systems noted on Figure B.6-2. The volume or flow rate of gas to be released, the
current or projected maximum radioactivity concentration in the effluent streams
either prior to treatment or at the point of release to the environment, and the
duration of expected release evaluations should be estimated as part of the
projection of offsite dose.

For these periods outside the bounds of steps 3.11.2.1.a or 3.11.2.2.a. when
significant operational differences exist from the last reference period, the projected
air dose from gamma and beta emissions from noble gases (Equations 3-6 and
Equations 3-7, respectively), or from iodines, tritium, and particulates

(Equations 3-8) shall use the referenced equations to project dose for each definable
time segment of release evolution and summed over the next 31 days. The
‘radioactive release quantity, Q; in the dose equations represents the estimated
quantity of radionuclide "i" estimated to be released over the next 31 days, or during
short time periods for defined plant operational evaluations, based on expected
volumes, concentrations and treatment options to be applied.

Alternate Projection Method for Use with Containment Ventilation Exhaust Treatment
System (Charcoal Filters)

During periods when the Containment Building air needs to be vented to the atmosphere,
the decision to use the Containment charcoal filter train to exhaust Containment air can be
based on dose conversion factors and critical organ dose equation that reflect only those
real exposure pathways in the offsite environment as indicated by the annual Land Use
Census. This reduces the excess conservatism associated with the standard Method 1
assumptions that all typical (potential) exposure pathways (including milk) may exist at
the most limiting atmospheric dispersion point off site.
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In place of the dose conversion factors found in Table B.1-12, and critical organ dose
equation 3-8a for Dco, Chemistry Department technical evaluation CHSTID 02-004
contains the dose conversion factors (DFG) and critical organ dose equation which were
developed in the same manner as the current Method I factors and time dependent dose
equation, but which utilize the most recent Land Use Census data to define which
exposure pathways and identified receptor locations exist. CHSTID 02-004 documents the
development of this alternate dose projection method. After the Land Use Census is
performed each year, and before application to any Containment venting evolution,
CHSTID 02-004 will be reviewed to see if any new receptor location impacts the selection
of controlling dose location.

The EMS software can also be used to perform monthly projected dose calculations as described
in Appendix C. The methodology applied by EMS in projecting gaseous dose is outlined in
Section 3.8 of Attachment 4 to Appendix C (EMS Technical Reference Manual).
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*Note:

This action is based on the assumption that tritium is the controlling nuclide for whole body
exposures through the inhalation pathway. Maximum annual average on-site X/Q's for station
effluént release points are approximately 100 times the values used for the site boundary dose
calculations. However, the site boundary doses calculated by the ODCM for iodines, tritium,

‘and particulates with half lives greater than 8 days, includes all potential off-site exposure
pathways. For tritium, the inhalation pathway only accounts for 10% of the total dose

contribution being calculated. As a result, if the monthly calculation indicates that the site
boundary maximum organ dose reached 0.3 mrem, the on-site maximum dose due to
inhalation would be approximately 3.0 mrem for this period. If this were projected to continue
for a year with a 2000 hour occupancy factor applied, the projected inhalation whole body dose

‘ “would be approximately 8 inrem, or 8% of the 10 CFR 20.1301 limit. This is a reasonable
trigger value for the need to con51der the dose contribution from all station sources to members

of the public in controlled areas.”

!
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3.12 Method to Calculate Total Dose From Plant Operations

3.12.1

ODCM Control C.8.1.1 restricts the annual dose to the whole body or any organ of a member of
the public from all uranium fuel cycle sources (including direct radiation) to 25 mrem (except the
thyroid, which is limited to 75 mrem). These cumulative dose contribution limits from liquids
and gaseous effluents, and direct radiation, implement the Environmental Protection Agency
(EPA) 40 CFR 190, “Environmental Standards for the Uranium Fuel Cycle.”

Method

Compliance with the Seabrook Station Effluent Controls dose objectives for the maximum
individual, as calculated by the methods described in sections B.3.2, B.3.3, B.3.7, B.3.8, B.3.9 of
the ODCM also demonstrates compliance with the EPA limits to any member of the public. This
indirect determination of compliance is based on the fact that the Effluent Control liquid and
gaseous dose objectives are taken from 10 CFR 50, Appendix I, and represent lower values than
the 40 CFR 190 dose limits. Direct radiation dose from contained sources is not expected to be a
significant contributor to the total dose to areas beyond the site boundary. If the operational dose
objectives in the Seabrook ODCM Effluent Controls C.6.2.1.a, C.6.2.1.b, C.7.2.1.a, C.7.2.1.b,
C.7.3.1.a, or C.7.3.1.b are determined to be exceeded by a factor of two, a Special Report must
be prepared. The purpose of this Special Report is to determine by direct assessment if the
cumulative dose (calendar year) to any member of the public (real individual) from all sources is
within the limits of the Total Dose Control C.8.1.1.

In addition, section A.10.2, "Annual Radioactive Effluent Release Report," requires that an
assessment of radiation doses to the likely most exposed member of the public from all effluent
and direct radiation sources be included for the previous calendar year to show compliance with

40 CFR 190.

When required, the total dose to a member of the public will be calculated for all significant
effluent release points for all real pathways, including direct radiation. Only effluent releases
from Seabrook Station need be considered since no other uranium fuel cycle facilities exist
within five miles. EPA has determined that for fuel cycle facilities separated by more than five
miles, their contribution to each other’s total dose would not be significant and cause dose
Standard for the Uranium Fuel Cycle to be exceeded. The calculations will be based on the
liquid and gaseous Methods II dose models as described in Section B.3, including usage factors
and other documented site-specific parameters reflecting realistic assumptions, where
appropriate. The liquid and gaseous effluent Method II models are derived from the methods
given in Regulatory Guide 1.109, Rev. 1, October 1977.

The direct radiation component from the facility can be determined using environmental TLD
results as noted in Section B.3.10.1 (or alternately, high pressure ion chamber measurements or
analytical design calculations for estimating the direct radiation dose from identified contained

radioactive sources within the facility).
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4.0

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The radiological environmental momtonng stations are listed in Table B.4-1. The locations of
the stations with respect to the Seabrook Station are shown on the maps in Figures B.4-1

to B.4-6.

Direct radiation measurements are analyzed at the station. All other radiological analyses for
environmental samples are performed at a contractor laboratory. The contractor laboratory
participates in an Interlaboratory Comparison Program for all relevant species in an aqueous
(water) matrix. An independent vendor (Analytics) supplies the remaining cross check samples.
These samples are presented on an air filter and in milk and water matrices.

Pursuant to Part A Surveillance S.9.2.1, the land use census will be conducted "during the
growing season" at least once per 12 months. The growing season is defined, for the purposes of
the land use census, as the period from June 1 to October 1. The method to be used for
conducting the census will consist of one or more of the following, as appropriate: door-to-door
survey, visual inspection from road51de aenal survey, or consu]tmg with local agricultural
authorities. S

Technical Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM require that the results of
the Radiological Environmental Monitoring Program be summarized in the Annual Radiological
Environmental Operating Report "in the format of the table in the Radiological Assessment
Branch Technical Position, Revision 1, 1979." The general table format will be used with one
exception and one clarification, as follows. The mean and range values will be based not upon
detectable measurements only, as specnf ied in the NRC Branch Technical Position, but upon all
measurements. This will prevent the positive. bias associated with the calculation of the mean
and range based upon detectable measurements only Secondly, the Lower Limit of Detection
column will specify the LLD required by ODCM Table A.9.1-2 for that radionuclide and sample

medium.
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TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

Exposure Pathway
and/or Sample

Sample Location
and Designated Code

Distance From
Unit 1
Containment (km)

L. AIRBORNE (Particulate and Radioiodine)

2. WATERBORNE

a. Surface

b. Sediment

3. INGESTION
a. Milk

AP/CF-01
AP/CF-02
AP/CF-03
AP/CF-04
AP/CF-05
AP/CF-07
AP/CF-08
AP/CF-09

WS-01
WS-51

SE-02
SE-07
SE-08
SE-52
SE-57

TM-09
TM-15
T™-20
TM-23

b. Fish and Invertebrates®

FH-03

FH-53

HA-04
HA-54
MU-06
MU-09
MU-56
MU-59

PSNH Barge Landing Area
Harbor Road

SW Boundary

W. Boundary
Winnacunnet H.S.®
(PSNH Substation)

E&H Substation™
Georgetown

Electric Light (Control)

Hampton-Discharge Area
Ipswich Bay (Control)

Hampton-Discharge Area®
Hampton Beach®
Seabrook Beach

Ipswich Bay (Control)®
Plum Island Beach
(Control)®

Hampton, NH @
Hampton Falls, NH @
Rowley, MA @
Newbury, MA@

Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Hampton Harbor®
Ipswich Bay (Control)
Plum Island®

B.4-2

2.6
2.5
1.0
1.2
4.0
5.7

3.4

21.4

53
16.9

53
3.1
3.2
16.9
15.9

53
6.9
17.0
12.0

4.5
16.4
5.5
17.2
5.2
2.6
17.4
15.8

Direction From
the Plant

ESE
SwW

NNE
NNW
SSE
SSW

SSE

ESE
SSE
SSE

SFT

ESE
SSE

SSE

SSE
SSE
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TABLE B.4-]
RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

(Continued)
Exposure Pathway Sample Location - Distance From Direction From
and/or Sample and Designated Code - - Unit | the Plant
Containment (km)
c. Food Products
TG-08 Site Boundary - 1.05 W
TG-09 - Site Boundary .94 SW
TG-10 Georgetown Light 214 SSw
" DIRECT RADIATION
TL-1 Bnmmer s Lane, 97 N
‘ _ Hampton Falls
TL-2 Landmg Rd., Hampton 3.0 NNE
TL-3 Glade Path Hampton - 2.9 NE
Beach '
- TL-4 - Island Path Hampton 23 ENE
‘Beach - . '
TL-5 Harbor Rd., }iamptbn 2.6 E
~ Beach -
TL-6 PSNH Barge Landing 27 ESE
. Area, . '
TL-7 Cross Rd., Seabrook Beach 2.6 SE
- TL-8 - Farm Lane, Seabrook 1.3 SSE
TL-9 ' Farm Lane, Seabrook .13 S
TL-10 Site Boundary Fence 1.2 SSW
TL-11 Site Boundary Fence 1.0 SW
TL-12 Site Boundary Fence 1.2 WSwW
TL-13 Inside Site Boundary 1.2 w
TL-14 Trailer Park, Seabrook 1.3 WNW
TL-15 Brimmer's Lane, 1.4 Nw
Hampton Falls
TL-16 Brimmer's Lane, 1.2 NNW
Hampton Falls
TL-17 South Rd., N. Hampton 7.8 N
TL-18 Mill Rd., N. Hampton 7.6 NNE
TL-19 Appledore Ave., 7.7 NE
N. Hampton
TL-20 Ashworth Ave., 3.2- ENE
- Hampton Beach ,
TL-21 Route 1A, Seabrook Beach 3.7 SE
TL-22 Cable Ave., - 1.6 SSE
Salisbury Beach
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TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

(Continued)
Exposure Pathway Sample Location Distance From
and/or Sample and Designated Code Unit 1
Containment (km)
TL-23 Ferry Rd., Salisbury 8.1
TL-24 Ferry Lots Lane, 7.2
Salisbury
TL-25 Elm St., Amesbury 7.6
TL-26 Route 107A, Amesbury 8.1
TL-27 Highland St., S. Hampton 1.5
TL-28 Route 150, Kensington 7.5
TL-29 Frying Pan Lane, 7.2
Hampton Falls
TL-30 Route 27, Hampton 7.6
TL-31 Alumni Drive, Hampton 3.8
TL-32 Seabrook Elementary School - 2.0
TL-33 Dock Area, Newburyport 9.8
TL-34 Bow St., Exeter 12.0
TL-35 Lincoln Ackerman School 2.3
TL-36 Route 97, Georgetown 22.6
(Control)
TL-37 Plaistow, NH (Control) 21.5
TL-38 Hampstead, NH (Control) 27.7
TL-39 Fremont, NH (Control) 27.0
TL-40 Newmarket, NH (Control) 21.6
TL-41 Portsmouth, NH, (Contro)®  21.0
TL-42 Ipswich, MA (Control)® 22.8

B.4-4

Direction From
the Plant

SSwW

SW
WSW

WNW
NwW

NNW
NNE

NW
NNW
SSwW

WSwW

NNW
NNE
SSE
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(@)
(b)

(©

(d)

TABLE B.4-1
- RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®
. (Continued)

Sample locations are shown on Figures B.4-1 to B.4-6.

This sample location is not required by monitoring program defined in Part A of ODCM,;
program requirements specified in Part A do not apply to samples taken at this location.

Samples will be collected pursuant to ODCM Table A.9.1-1. Samples are not required from all
stations listed during any sampling interval (FH = Fish; HA = Lobsters; MU = Mussels ).

Table A.9.1-1 specifies that "one sample of three commercially and recreationally 1mportant
species" be collected in the vicinity of thé plant discharge area, with similar species being
collected at a control location. (This wording is consistent with the NRC Final Environmental
Statement for Seabrook Station.) Since the discharge area is off-shore, there is a great number of
fish species that could be considered commercially or recreationally important. Some are
migratory (such as striped bass), making them less'desirable as an indicator of plant-related
radioactivity. Some pelagic species (such as herring and mackerel) tend to school and wander
throughout a large area, sometimes making catches of significant size difficult to obtain. Since
the collection of all species would be difficult or impossible, and would provide unnecessary
redundancy in terms of momtormg 1mportant pathways to man, three fish and invertebrate
species have been specified as a minimum requlrement Samples may include marine fauna such
as lobsters, clams, mussels, and bottom-dwgllmg fish, such as flounder or hake. Several similar
species may be grouped together into one sample if sufficient sample mass for a single species is
not available after a reasonable effort has been made (e.g., yellowtail flounder and winter

flounder)

Monitoring program defined in Part Aof ODCM does not require this sample location; food
product sampling is being implemented in lieu of an insufficient number ok milk locations.
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FIGURE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
WITHIN 4 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-2
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
BETWEEN 4 KILOMETERS AND 12 KILOMETERS FROM SEABROOK STATION
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FIGURE B.4-3
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
OUTSIDE 12 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-4
DIRECT RADIATION MONITORING LOCATIONS WITHIN
~ 4KILOMETERS OF SEABROOK STATION
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FIGURE B.4-5
DIRECT RADIATION MONITORING LOCATIONS BETWEEN
4 KILOMETERS AND 12 KILOMETERS FROM SEABROOK STATION

= NNW N | NNE 7
-
=
— XILOMETZRS
g
NW =
g
ATL-34
A
A TL-ZS\
WNW
sz== :’{Ln/RG"‘I’-"(T IN FIGURE B.4-4
A TL-28
/ /] A t— HAMPTON 324cS

S -

\ I
] - N ’) 3 . \ e
SEABROOK STATION = N2 U} DISCHARGE SITE

W A TL=27 :
\Q‘g ,.—--"“‘.--~-§ I ( ! ,
N 3 < SEABROOK a.Ac/x

,@3‘ /5‘:“\ . :-'
-8 T \‘ i
]
WSW ATLo28
' y ‘&— SALLSSURY BEACH

; '

MEARIGE  wNER :
TL-33 4 Q.n ATLANTIC OCZAN

SW \
- | . SSE

SSW

ODCM Rev. 28

B.4-10



FIGURE B.4-6
DIRECT RADIATION MONITORING LOCATIONS QUTSIDE
12 KILOMETERS OF SEABROOK STATION
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5.0 SETPOINT DETERMINATIONS ‘

- Chapter 5 contains the methodo]ogy for the ca]culatxon of effluent monitor setpoints to
implement the requirements of the radioactive effluent momtonng systems Part A
Controls C 5.1 and C.5.2 for lquldS gases, respectlvely

Example setpoint calculations are provnded for each of the required effluent monitors.

5.1 - Liquid Effluent Instrumentation Setpoints

Part A Control C.5.1 requires that the radioactive liquid effluent instrumentation in

Table A.5.1-1 of Part A have alarm setpoints in order to ensure that Part A Control C.6.1.1
is not exceeded. Part A Control C.6.1.1 limits the activity concentration in liquid effluents
to ten times the ECL values in 10 CFR 20, Appendxx B, Table 2, and a total noble gas MPC.

5.1.1 Liguid Waste Test Tank Monltor ( RM 6509)

The hquld waste test tank effluent monitor provides alarm and automatic termination of
release prior to exceeding ten tlmes the concentratxon limits specxﬁed in 10 CFR 20,
Appendxx B, Table 2, Column 2 to the enwronment It is also used to monitor discharges
from various waste sumps to the environment. :

5.1.1.1 Method to I‘)étennine'the Setp'é)inf of tf)é f.fquid Waste .Test Tank'Monitmﬁ{M-6509)

The alarm setpomt is based on ensurmg that radioactive effluents in hquxd waste are in
compliance with Control limits which are based on the concentration limits in Appendix B
to 10 CFR 20. The alarm point depends on available dilution flow through the discharge
tunnel, radwaste discharge flow rate from the test tanks, the isotopic composition of the
liquid waste, and the monitor response efficiency and background count rate applicable at
the time of the discharge. The alarm/trip setpoint is determined prior to each batch release
taking into account current values for each variable parameter. The following steps are used

in determining the monitor setpoint:,

Flrst the mmxmum requnred dtlutxon factor is determmed by evaluating the isotopic analysis
of each test tank to be released along with ECL requirements for each radionuclide. The
most recent analysis data for tritium and other beta emitters that are analyzed only monthly
or quarterly on comp051te samples can be used as an estimate of activity concentration in the
tank to be released. For noble gases, the Control limit (C.6.1.1) is defined as 2E-04 nCi/ml
total for all dissolved and entrained gases. Therefore,

, ; Cne . :
DFoin = 2. i or X , Whichever is larger. 5-3
10ECL; 2E-04 ® ¢
Where:

o DFmin = . Minimum required dilution factor necessary to ensure that the sum of the ratios
for each nuclide concentration divided by its ECL value is not greater than 10

(dimensionless).
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Where:

ECL;

2E-04

Activity concentration of each radionuclide "i" (except noble gases) determined
to be in the test tank (uCi/ml). This includes tritium and other non gamma
emitting isotopes either measured or estimated from the most recent composite

analysis. :

The sum of all dissolved and entrained noble gases identified in each test tank
(nCi/ml).

Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved an
entrained noble gas) in pCi/ml as specified in 10 CFR 20, Appendix B, Table 2

See ODCM, Appendix B, for a listing. In the event that no activity is expected
to be discharged, or can be measured in the system, the liquid monitor setpoint
should be based on the most restrictive ECL for an "unidentified” mixture or a
mixture known not to contain certain radionuclides as given in 10 CFR 20,
Appendix B, notes.

The total dissolved and entrained noble gas Technical Specification
concentration limit in liquid effluents from the plant (uCi/ml).

Next, the available dilution flow through the discharge tunnel (F4), or a conservative estimate
for it, is divided by the minimum dilution factor (DF ;) to determine the maximum
allowable discharge flow rate (Fmax) that the test tanks could be released at without exceeding
the ECL limits, assuming no additional radioactive flow paths are discharging at the time of
release of the test tanks. Therefore,

Fmax =

Fmax

Fq

Fq
DFmin

The maximum allowable discharge flow rate from the test tank past the monitor
which would equate to the Control concentration limit for the radioactivity
mixture determined to be in the test tank (gpm).

The actual or conservative estimate of the flow rate out of the discharge tunnel
(gpm).
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Where:

Where:

For Waste Test Tank (WTT) releases, tritium is expected to be the radlonuchde with the
highest concentration, and therefore requires the highest drlutron flow in order to satisfy the
discharge concentration limits.. Unlike concentrations of other dissolved or suspended
radionuclides, tritium concentrations are not expected to vary because they are unaffected by
plant cleanup systems used to reduce or control waste radioactivity levels. As such, events
that cause sudden increases in the concentrations of other dissolved or suspended
radionuclides, such as changes in waste cleanup efficiencies, crud bursts or failed fuel
fractions would not change the tritium concentrations. As long as the minimum required
dilution factor (DFp,) for all radionuclides present in the liquid waste is satisfied, the alarm
setpoint for the Waste Test Tank monitor need only consider the potential changes to the
concentrations of detectable gamma-emitting radionuclides. Therefore, the required dilution
for detectable activity by the WTT monitor can be determined by applying the definition of
DFmin (given in equation (5-3)) to only the gamma-emxttmg radlonuclldes present in the

waste

DFminy = 2 (C;,/10ECL; '-) S - (5-3a)

DFminy =  Minimum required difution factor necessary to ensure that the sum of the
ratios for the concentration of each gamma-emitting radionuclide to the
respectlve ECL value is not greater than 10 (dimensionless).
Cy .-=. Actmty concentratlon of each detectab]e gamma-emlttmg radionuclide "i" in
the mixture (uCi/ml).
ECL; = - Asdefined prevrously

As in the determmatxon of Fmax for the total radioactivity mixture, the maximum allowable
discharge flow rate that the waste from the test tanks could be released at without exceeding
the concentration limit for gamma-emltters, Frmaxy, 1S obtained by dividing the discharge
tunnel flow, F4, by DFpiny. This detexmmatxon is based on the assumption that there are no
additional discharges of hquld waste at the time of release from the test tanks. Therefore,

Fmax‘h i F dl DF mxn‘{

Finaxy = The maximum allowable discharge flow rate from the test tank past the
monitor which would equate to the control concentration limit for the gamma
radioactivity mixture determined to be in the test tank (gpm).

Fq =  The actual or conservative estimate of the flow rate out of the discharge

tunnel (gpm).
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Where:

The selection of the actual discharge flow rate (F,) from the test tanks compared to the
maximum allowable discharge rate based on all radionuclides that are present (Fpax) and the
maximum allowable discharge rate based on only gamma-emitting radionuclides that are
present (Fmaxy) must satisfy the following:

Fin < Frmax * fu < Frmaxy * fu

Where the f; represents an administrative fraction of the maximum allowable discharge flow
from the test tanks. This fraction provides additional margin in meeting ECL limits for non-
gamma emitters (such as tritium) at the discharge point to the ocean when other flow paths
may contribute to the total site release at the time of tank discharges and minimum dilution

flow conditions exist.

With the above conditions on discharge and dilution flow rates satisfied, the alarm/trip
setpoint for the monitor which corresponds to the maximum allowable concentration at the
point of discharge is determined as follows:

Rsctpoint = fl

Rsc!point

Fa .
x ——x2C 5-1
Fm X DFminy 4 ( )

The maximum allowable alarm/trip setpoint for an instrument response
(nCi/ml) that ensures the limiting concentration at the point of
discharge is not exceeded. .

{
The fraction of the total contribution of ECL at the discharge point to
be associated with the test tank effluent pathway, where f3, f3, f3 and fs,
are the fractions for the Turbine Building Sump, Steam Generator
Blowdown, Primary Component Cooling and Water Treatment
Effluent (Condensate Polishing System) pathways contribution to the
total, respectively (fi+fo+f3+f4+fs <1). Each of the fractions may be
conservatively set administratively such that the sum of the fractions is
less than 1. This additional margin can be used to account for the
uncertainty in setpoint parameters such as estimated concentration of
non gamma emitters that are based on previous composite analyses of
the waste stream.
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5.1.1.2 L1qu1d Waste Test Tank Monitor Setpomt Example

The radxoacthty conccntratlon of each radnonuchde G;, in the waste test tank is determined
by analysis of a representative grab sample obtained at the radwaste sample sink, and
analyzed prior to release for gamma emitters, or as part of a composite analysis for non
gamma emitters. The maximum allowable instantaneous effluent concentrations (i.e., ten
time the ECL values in 10 CFR 20, Appendix B, Table 2) are used to illustrate a monitor
setpoint determination. This setpoint example is based on the following data:

"Ten Times
i - Ci (uCi/ml) ECL; (uCi/ml) ECL; (nCi/ml)
Cs-134 . 2.15E-05 9E-07 9E-06
Cs-137 - 7.48E-05 1E-06 1E-05
Co-60 | 2.56E-05 3E-06 3E-05

H-3 1. SOE 01 1E-03 1E-02
The minimum requlred dilution factor for this mix of radionuclides (including beta-emitters) is:

G _ 215E- 05 7.48E - 05 ~ 2.56E - 05 1.50E - 01
IOECL. 9E - 06 1IE-05 =~ 3E-05 1E-02

=26

DFmin = Z

The release flow rate (Fr,) from the waste test tanks can be set between 10 and 150 gpm. The
cooling water tunnel discharge dilution flow rate (Fg) can typically vary from approximately 8,800 to
412,000 gpm depending on the operating status of the plant. In this example, if the dilution flow (Fg)
is taken as 412,000 gpm, the maximum allowable discharge rate (Funax) is:

_Fe_
- DFmin
_- 412,000 gpm
26
= 15,846 gpm

Frax =

Next, the required dilution factor for only gamma emitters in the mix is:

2.15B- 05+748E -05°, 2.56E-05°_ . -

9E-06 ., 1E-05.  3E-05

" DFmimg = Z (c.,/loECL.)

The maximum allowable discharge ﬂow rate (mey) considering only.gamma emitters is given as:

Fq 412,000
: = 2 = 37,455 gpm
DF iy ] 8pm gp

F maxY
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With the selected release rate from the test tank set at 150 gpm, and the administrative flow fraction
(fi) assumed in this example to be 0.7, the condition for the control concentration limits is met since:

F (equal to 150) < Fpax (equal to 15,846 gpm) x fy; (set at 0.7)
< Fmaxy (equal to 37,455 gpm x F, (set at 0.7)

150 < 11092 < 26219

and the monitor response due to the mix of the gamma emitters is:

i Cy; (uCi/ml)
Cs-134 2.15E-05
Cs-137 7.48E-05
Co-60 2.56E-05

EC; = 1.22E-04 4Ci/ml

Under these conditions, the alarm/trip setpoint for the liquid radwaste discharge monitor is:

Fa )
serpoint = 1 X —————— x 2 Cyi 5-1
Rserpoine = {1 Fn X DF, Y (5-1)
pCi/ml () () pCi/ml
412,000
iy = 0.4 2 1.22E-04
Rsepoin X Ts0x11 "

= 1.22E - 02 pCi/ml

In this example, the alarm/trip setpoint of the liquid radwaste discharge monitor can be put at
1.22E-02 pCi/ml above background. For the example, it is assumed that the test tank release
pathway will be limited to only 40% of the total site discharge allowable concentration.

5.1.2 Turbine Building Drains Liquid Effluent Monitor (RM-6521)

The Turbine Building drains liquid effluent monitor continuously monitors the Turbine
Building sump effluent line. The only sources to the Sump Effluent System are from the
secondary steam system. Activity is expected in the Turbine Building Sump Effluent System
only if a significant primary-to-secondary leak is present. If a primary-to-secondary leak is
present, the activity in the sump effluent system would be comprised of only those
radionuclides found in the secondary system, with reduced activity from decay and dilution.
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The Turbine Building drains liquid effluent monitor provides alarm and automatic
termination of release prior to exceeding ten times the concentration limits specified in

10 CFR 20, ‘Appendix B, Table 2, Column 2 to the environment. The alarm setpoint for this
monitor will be determined using the same method as that of the liquid waste test tank
monitor if the total sump activity is greater than the ECL, as determined by the most recent
grab sample isotopic analysis. If thetotal activity is less than the ECL, the setpomts of
RM-652] are ‘calculated as follows e ;

o

High Trip Monitor o S :
Setpoint (nCi/ml) = fz (DF’) ("unidentified mix ECL" (uCi/ml)) (5-21)
where: |
Circulating water flow rate (gpm)
DF’ = Flow rate pass-monitor (gpm)

unidentified mix ECLL. =  most restrictive ECL value (pCi/inl) for an unidentified
mixture or a mixture known not to contain certain
radionuclides as given in 10 CFR 20, Appendix B, Notes.

f - =1 (fl +’f3 + f; + £5); where the f values are described above

In addition, a warning alarm setpoint can be determined by multlplymg the high tnp alarm point by an
' admlmstratwely selected fraction (as an example 0 25)

Warning Alarm Hioh Tei )
L . 1 P
Monitor Setpoint | = [M 'tg g rlp. t) (0.25)
L onitor Sepoin
* (4Ci/ml) PO

5.1.3 Steam Generator Blowdown L_igujd Samp- le Monitor (RM-6519)

The steam g'eneratof‘blo'wdowh liquid sample monitor is used to detect abnormal activity
concentrations in the steam generator blowdown flash tank liquid discharge.

The alarm setpoint for the steam generator blowdown liquid sample monitor, when liquid is to
be discharged from the site, will be determined using the same approach as the Turbine
Building drains liquid effluent monitor.

For any liquid monitor, in the event that no activity is expected to be discharged, or can be

measured in the system, the hquld monitor setpoint should be based on the most restrictive

ECL for an "unidentified" mixture or,a mixture known not to contain certam radionuclides
- given in 10 CFR 20, Appendix B notes.
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5.14

where:

PCCW Head Tank Rate-of-Change Alarm Setpoint

A rate-of-change alarm on the liquid level in the Primary Component Cooling Water (PCCW)
head tank will work in conjunction with the PCCW radiation monitor to alert the operator in- '
the Main Control Room of a leak to the Service Water System from the PCCW System. For
the rate-of-change alarm, a setpoint is selected based on detection of an activity level
equivalent to 10 pCi/ml in the discharge of the Service Water System. The activity in the
PCCW is determined in accordance with the liquid sampling and analysis program described
in Part A, Table A.6.1-1 of the ODCM and is used to determine the setpoint.

The rate-of-change alarm setpoint is calculated from:

RCu =1x10° ¢ SWF o cl:c (5-23)
(&fﬂ] - (/‘_Cl) (g_al) _ml
hr ml hr J \ xCi
RCsut = The setpoint for the PCCW head tank rate-of-change alarm (in gallons per
hour).
1x10® = The minimum detectable activity level in the Service Water System due to a

PCCW to SWS leak (uCi/ml).
SWF = Service Water System flow rate (in gallons per hour).

PCC = Primary Component Cooling Water measured (decay corrected) gross
radioactivity level (uCi/ml).

As an example, assume a'PCCW activity concentration of 1x10° pCi/ml with a service
water flow rate of only 80 percent of the normal flow of 21,000 gpm. The rate-of-change

setpoint is then:

RC. = 1x10° i, 1.0x10 gph (1/1x10'5£)
ml ml

RC.. = 1000 gph

As a result, for other PCCW activities, the RC, which would also relate to a detection of a
minimum service water concentration of 1x10® uCi/ml can be found from:

1x10” x #Ci/mlx 1000 gph
= 5-24
RCset PCC ( )
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5.1.5

5.1.6

PCCW Radiation Monitor

The PCCW radiation monitor will alert the operator in the Main Control Room of a leak to the

PCCW System from a radioactively contaminated system.

The PCCW radiation monitor alarm is based on a trend of radiation levels in the PCCW

System. The background radiation of the PCCW is determined by evaluating the radiation
levels over a finite time period. The alert alarm setpoint is set at 1.5 x background, and the
high alarm setpoint is set at 2 x background, per Technical Specification Table 3.3-6.

Water Treatment Liquid Effluent: (CPS Rad Monitor RM-6473)

The Water Treatment Liquid Effluent monitor is used to detect abnormal activity
concentrations in waste liquid discharges to the Transition Structure from tank Tk-32 (CPS
Neutralization Tank), tank Tk-274 (Low Conductivity Tank) and megarinse wash water from
the Condensate Polishing System (CPS) demineralizer regeneration cycle.

The CPS Rad monitor provides alarm and automatic termination of release prior to exceeding
the concentration limits specified in 10CFR20, Appendix B, Table 2, Column 2 to the
environment. The alarm setpoint for this monitor will be determined using the same method as
that of the Liquid Waste Test Tank Monitor (see Section 5.1.1.1) if the total activity expected
to be discharged is greater than 10 percent of ECL, as determined by the most recent grab
sample isotopic analysis. If the total activity is less than 10 percent of ECL, the setpoints of

_RM-6473 can be calculated as follows:

High Trip Monitor

Setpoint (uCi/ml) = fs (DF") ("unidentified mix ECL" (pCi/ml))

where:

DF’ _ Circulating water flow rate (gpm)

Flow rate pass- monitor (gpm)

unidentified mix ECL = most restrictive ECL value (uCi/ml) for an unidentified mixture .
-+ or a mixture known not to contain certain radionuclides as given
~in IOCFR20 Appendlx B, Notes.

fs = 1-(fi +6H+6+5); where the f values are descnbed in Section

'!5111above

In addition, a warning alarm setpomt can be determmed by multlplymg the high trip alarm
point by an admlmstratxve]y selected fractlon (as an example 0.25). -

Warning Alarm Hieh Tri .
i :
Monitor Setpoint (M 'tg' Snp. t) (0.25)
nitor
i/ml) o epoin
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5.2

5.2.1

5.2.1.1

and:

where:

Gaseous Effluent Instrumentation Setpoints

Part A Control C.5.2 requires that the radioactive gaseous effluent instrumentation in .
Table A.5.2-1 of Part A have their alarm setpoints set to insure that Part A Control C.7.1.1is ¢

exceeded.

Plant Vent Wide-Range Gas Monitors (RM-6528-1 Q and 3)

The plant vent wide-range gas monitors are shown on Figure B.6-2.

Method to Determine the Setpoint of the Plant Vent Wide Range Gas Monitors (RM-6528-1, 2
and 3)

The maximum allowable setpoint for the plant vent wide-range gas monitor (readout response
in puCi/sec) is set by limiting the off-site noble gas dose rate to the total body or to the skin, and
denoted Rsc(poin[. Rsc[poin[ iS the leSSCI' Of:

Ro=588—— f, (5-5)
DFB: :
- .- 3 .— '
,uCi/sec=(mrem ,u.Cl m pCi-yr )
yr-pCi-sec mrem-m’
R:.. =3,000 -1— f (5-6)
skin ’ DF'C v

mrem, . uCi-yr
yr mrem-Sec

uCi/sec=(

Rip = Response of the monitor at the limiting total body dose rate (nCi/sec)
500 mrem- ¢ Ci-m?*
588 = (1E+06) (8.5E-07) yr-pCi-sec
500 = The offsite limiting total body dose rate (mrem/yr) from all release points
IE+06 =  Number of pCi per pCi (pCi/uCi) |
8.5E-07 = [X/Q]*, maximum off-site long-term average gamma atmospheric dispersion

factor for primary vent stack releases (sec/m®)
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DFB.

fv

| DFB;
- Rskin
© 3,000

DF’,

DF’ite)

Composite total body dose factor (mrem-m3/pCi-yr)

Z Q,DFB - o | 5-7)

Z_Qa

, The fraction of the offsite llmttmg total body dose rate to be
* administratively assigned to the plant vent (f, < 1 -fy , where f; is the
fraction of the llmltmg dose rate to be assigned to monitored ground level

releases)

The relatlve release rate of noble gas "i" in the mlxture for each noble gas
identified or postulated to be in the off-gas (uCi/sec) -

Total body dose factor (see Table B.1-10) (mrem-m*/pCi-yr)
Response of the monitor at the limiting skin dose rate (nCi/sec)
The offsite limiting skin dose rate (mrem/yr)

Comp051te skin dose factor (mrem sec/pCi-yr)

)3 Q DF - o o
5.8

= Combined skin dose factor for elevated release point (see Table B.1-10)
(mrem—sec/an-yr)
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5.2.1.2 Plant Vent Wide Range Gas Monitor Setpoint Example for Limiting Case

The following setpoint example for the plant vent wide range gas monitors demonstrates the .
use of equations 5-5 and 5-6 for determining setpoints. Evaluations of potential releases rates
associated with the limiting offsite dose rates (Control C.7.1.1.a) have been made considering
different noble gas mixes related to normal operations, observed periods with fuel defects,

and potential UFSAR accident conditions. The bounding noble gas mix case for setpoint
alarm indications was found to be related to projected fuel gap activity at the time of

shutdown from power operations (UFSAR Table 15.7-20). By setting the maximum alarm
setpoint in accordance with this assumed mix, other potential or realistic release conditions

will not create an effluent discharge at or above the limiting offsite dose rates without the

monitor going into alarm.

This limiting setpoint example is based on the following data (see Table B.1-10 for DFB;¢) and

DF’io):
Q, DFB; DF i)

- uCi mrem-m’ mrem-sec

i (;) pCi-yr 1 Ci-yr
Xe-138 2.52E+02 8.83E-03 1.20E-02
Kr-87 7.90E+01 5.92E-03 1.38E-02
Kr-88 1.15E+02 1.47E-02 1.62E-02
Kr-85m 4.49E+01 1.17E-03 2.35E-03
Xe-135 6.82E+01 1.81E-03 3.33E-03
Xe-133 3.23E+02 2.94E-04 5.83E-04
Kr-85 4.13E+00 1.61E-05 1.11E-03
Xe-131m 1.15E+00 9.15E-05 5.37E-04
Xe-133m 4.67E+01 2.51E-04 1.12E-03
Xe-135m 6.64E+01 3.12E-03 3.74E-03
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> Q,DFB;

) GD

DFB. =

Y O,DFB; = (2.52E+02)(8.83E-03) + (7.90E+01)(5.92E-03) + (1.15E+02) (1.47E-02)

+ (4.49E+01)(1.17E-03) + (6.82E+01)(1.81E-03) + (3.23E+02) (2.94E-04)
+ (4.13E+00)(1.61E-05) + (1.15E+00)(9.15E-05) + (4.67E+01) (2.51E-04)
+ (6.64E+01) (3.12E-03)

= 4.86E+00 (1Ci-mrem-m°/sec-pCi-yr)

> Qi = 252E+02+ 7.90E+501 + 1.15E+02 + 4.49E+01 + 6.82E+01
+ 3.23E+02 + 4.14E+00 + 1.16E+00 + 4.67E+01 + 6.64E+01
= 1.00E+03 pCi/sec
4.86E+00
DFB, = TwEe

=  4.86E-03 (mrem-m*/pCi-yr)
and therefore:

1 -
R = 588 — £, -~ 5-5
tb DFB. v ( )

= (88)—1 07
. (4.86E-03)

=  8.47E+04 pCilsec
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and next;

DF; =§ZL(§£ (5-8) '
S Q,DF = (2.52E+02)(1.20E-02) + (7.90E+01)(1.38E-02) + (1.15E+02) (1.62E-02)
+ (4.49E+01)(2.35E-03) + (6.82E+01)(3.33E-03) + (3.23E+02) (5.83E-04)
+ (4.13E+00)(1.11E-03) + (1.15E+00)(5.37E-04) + (4.67E+01) (1.12E-03)
+ (6.64E+01) (3.74E-03)
= 6.80E+00 (nCi-mrem-sec/sec-puCi-yr)
DF', = 6.80E + 00
1.00E + 03

= 6.80E-03 (mrem-sec/uCi- yr)

and therefore:

Rskin = 3,000 é‘ fv (5'6)

<

1
= (3,000 —) 0.7
( ) (6.80E - 03)

=3.09E+05 uCi/sec

The setpoint, Repoint, 1S the lesser of Ry, and Ryin. For the limiting noble gas mixture, Ry, is
less than Ry, indicating that the total body dose rate is more restrictive. Therefore, the plant
vent wide-range gas monitor should be set at no more than 8.47E+04 nuCi/sec above
background, or at some administrative fraction of the above value.
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5.2.2

523

Waste Gas System Monitors (RM-6504 and RM-6503) .

Process radiation monitors in the waste gas system provide opcrational information on the
performance of the system before its discharge is combined and diluted with other gas flows
routed to the plant vent for release to the environment.

The setpoints for the waste gas system monitors are administratively set as small multiples of
the expected activity concentration to provide operational control over unexpected changes in
gas discharges from the system.. . Typically, the alert alarm setpomt for both monitors is
placed at 1.5 times the expected activity concentratlon passing the monitor, with the high
alarm trip set at 2.0 times the expected concentration flow.

Under all conditions, the maximum allowable alarm trip shall not exceed a concentration
equivalent to 62.5 nCi/cm’. This concentration limit, based on system design flow of 1.2
cfm, assures that any release from the waste gas system to the plant vent wrll not exceed the

 site boundary dose rate limits of Part A Cotrol C.7.1.1.a.

Main Condenser Air Evacuation Moniror LRM-65 05)

The process radiation monitor on the main condenser air evacuation system provides
operational information about the air being discharged. The discharge typically occurs either
directly from the turbine bu1ldmg during start up (hogging mode) or through the plant vent
during normal operations. During maintenance activities or other temporary operational

. conditions, discharges to the turbme roof ‘may also occur. This process monitor is also used

as an indicator of potential releases from the Turbme Gland Seal Condenser exhaust. Early
indications of a potential release (i.e., monitor count rate at twice the normal background)
should be evaluated by collecting a grab sample of the exhausts from both thc main
condenser and the Turbine Gland Seal Condenser.

The operatronal setpomts for the alr evacuatlon momtor are administratively set as small
multiples of the expected background response of the detector to provide operational control
over unexpected changes in the activity discharged from the system. Typically, the alert

¢ . setpointis 1.5 tlmes background thh the high alarm set at 2 times background.

Maximum allowable setpomt determmatlons assure that the site boundary dose rate limits of
Part A Control C.7.1.1.a will not be exceeded. For the air evacuation detector an efficiency
of 1.87E + 08 cpm-cm>/uCi, (the AR—41 response value determined by HPSTID 20-021),
flow rates of 10 to 50 cfm and 10,000 cfm for the normal and hogging modes of operation,
respectively, and assuming that all the response is due to the most restrictive noble gas
mixture associated with fuel gap activity inventory at the end of power operations (same
mixture as used for the limiting mixture for the plant vent Wide Range Gas Monitor setpoint
given in section 5.2.1.2), the following examples illustrate the calculation of the limiting
setpoint for different operational conditions.
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Case 1: For start-up operations (i.e., 10,000 cfm hogging flow to the Turbine Building
roof), the maximum allowable alarm setpoint is calculated as:

1
RAE = 147 DFB. fg fgland
where :
Rae =  Release rate equivalent to the assigned fraction of the limiting offsite total

body dose rate (nCi/sec)

147 _ 500 mrem - uCi - m3
(1IE +06) (3.4E-06) yr-pCi-sec

500 =  The site boundary limiting total body dose rate (mrem/yr) from all release
points

1E+06 = Number of pCi per pCi (pCi/uCi)

3.4E-06 =  Maximum off-site long-term average gamma atmospheric dispersion
factor for ground level releases (sec/m”)

DFB, =  Composite total body dose factor (defined for the WRGM in Section

~ 5.2.1.2 to be equal to 4.86E-03 [mrem-m® /pCi-yr] for the limiting fuel gap

activity mix)

fe = The fraction of the site boundary total body dose rate limit to be
administratively assigned to monitored ground level releases (for this
illustration = 0.3) such that the combination of the plant vent fraction (f, )
and ground fraction (f;) is less than or equalto 1 (f;<1-£).

fotand =  Release reduction factor to be administratively assigned to account for
potential unmonitored contributions from the Turbine Gland Seal
Condenser exhaust (for this illustration = 0.7).

1
R = 147 ——— (0.3) (0.7
AE 2868 - 03 DO

6.36E+03 uCi/sec release rate limit

and for the 10,000 cfm (4.72E+06 cm’/sec) exhaust flow, the count rate response of the air
evacuation monitor would be:

Rae
4.72E + 06cm?s sec

Monitor Response = 1.87E + 08 cpm-cm3/pCi

= (6.36E+03) (1.87E+08) / (4.72E+06)

= 2.520E + 05 cpm
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Case 2:  As an extension of Case 1 which assumed the full startup hogging flow was
released to the Turbine Building roof, maintenance requirements could direct
normal operating main condenser offgas flow (assume 50 cfm or equivalent
2.36E+04 cm3/sec) to the Turbine Building Roof (ground level release point)
instead of the elevated main plant vent. In this situation, the same release rate
limit as calculated above (i.e., 6.36E+03 uCi/sec) would apply. However, the
reduced gas flow from 10, 000 cfm down to 50 cfm would permit a higher alarm
setpoint to be used.

Monitor Response = . . Roe - 1.87E + 08 cpm-cm>*/uCi

2. 36E + 04cm?/ sec

(6. 36E+03) (1 87E + 08) /2. 36E+04)
5 04E + 07 cpm

 Case 3: For normal operations; whlch direct main condenser offgas flow (assume 50 cfm or
equivalent 2.36E+04 cm3/sec) to be released to the atmosphere via the main plant
vent, the maximum allowable alarm setpoint would be:

where :
Rae = Release rate equivalent to the assigned fraction of the limiting offsite total body
dose rate (nCi/sec)
588 - 500 . -  mrem-uCi-m?
(1E + 06) (8.5E-07) yr-pCi-sec
5.8E-07 =  Maximum off-site long-term average gamma atmospheric dispersion factor
for elevated (mixed mode) releases (sec/m?)
DFBc =  Composite total body dose factor (defined for the WRGM in Section 5.2.1.2
to be equal to 4.86E-03 [mrem-m3 /pCi-yr] for the limiting fuel gap activity
mix)
fotand = Same as listed above (i.e., 0.7)
f =  The fraction of the site boundary total body dose rate limit to be
administratively assigned to plant vent releases such that the combination of |
the plant vent fraction (f, ) and ground fraction (f; ) is less than or equal to 1 |
(fy £ 1 -1;). For the case that main condenser offgas is discharged to the :
main plant vent, there is no ground release fraction to be assigned
(i.e., f; = 0), and f, maybe set at 1.
R = 588 ! 0.7
AE 4.86E - 03

=  8.47E+04 pCi/sec release rate limit
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and for the 50 cfm (2.36E+06 cm3/sec) Main Condenser offgas exhaust flow, the count rate
response of the air evacuation monitor would be:

Re
2.36E + 06cm?/ sec

Monitor Response 1.87E + 08 cpm-cm*/uCi

(8.47E+04) (1.87E + 08) / (2.36E+04)
= 6.71E + 08 cpm

The operation of the Main Condenser Evacuation System assumes 670 1bs./hour of steam
flow through the Turbine Gland Seal Condenser exhaust (very small fraction of total steam
flow), 1.5E+07 Ibs./hour steam flow to the main condenser, and that the Turbine Gland Seal
Condenser exhaust mostly air at a flow rate of 1,800 cfm which goes directly to the Turbine
Building Vents (does not pass RM-6505). The main condenser offgas which goes past the Air
Evacuation monitor during power operations is combined with other plant ventilation and
process gas streams before being monitored by the WRGM and discharged to the atmosphere
via the Plant Vent as a single release point.

The maximum allowable setpoints during startup and normal power operations may be
recalculated based on identified changes in detector efficiency, discharge flow rate,
radionuclide mix distribution, or administrative apportionment of potential contributions
from the plant vent and ground level release points following the methods identified in
Part B, Section 8.5.
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6.0

- LIQUID AND GASEOUS EFFLUENT STREAMS RADIATION MONITORS AND

RAD\VASTE TREATMENT SYSTEMS

X

Figure B.6-1 shows the liquid effluent streams radlatlon monitors and the appropriate Liquid
Radwaste Treatment System. Figure B. .6-2 shows the gaseous effluent streams, radiation
monitors and the appropriate Gaseous Radwaste Treatment System.

For more detailed information concerning the above, refer to the Seabrook Station Final Safety
Analysis Report, Sections 11.2 (Liquid Waste System), 11.3 (Gaseous Waste System) and 11.5
(Process and Effluent Radiological Monitoring and Sampling System).

The turbine gland seal condenser exhaust iodine and particulate gaseous releases will be
determined by continuously sampling the turbine gland seal condenser exhaust. The noble gas
releases will be determined by periodic noble gas grab samples. A ratio of main condenser air

"evacuation exhaust and turbine gland seal condcnser exhaust noble gas will be determined

periodically.
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Figure B.6-1

Liquid Effluent Streams, Radiation Monitors, and

Radwaste Treatment System at Seabrook Station
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Figure B.6-2

Gaseous Effluent Streams, Radiation Monitors, and

Reactor

Radwaste Treatment System at Seabrook Station
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7.0

7.1 -

BASES FOR DOSE CALCULATfiQN METHODS
quUId Release Dose Calculatlons

This section serves: (1) to document the development and conservative nature of Method I
equations to provide background information to Method I users, and (2) to identify the general

: equations, parameters and approaches to Method II-type dose assessments. Appendix C provides
‘the bases for the EMS software Wthh is used to 1mp]ement the dose and dose rate calculatlons

indicated as Method IA. _
Method I may be used to show that the Part A RECP which limit off;site total body dose from

liquids (C.6.2.1 and C.6.3.1) have been met for releases over the appropriate periods. The'

quarterly and annual dose limits in Part ‘A Control C.6.2.1 are based on the ALARA 'design
objectives in 10CFR50, Appendix I Subsection Tl A: The minimum dose values noted in Part A
Control C.6.3.1 are "appropnate fractions,” as determined by the NRC, of the design objective to
ensure that radwaste equrpment is used as requrred to keep off-sne doses ALARA

Method Iwas developed such that "the actual exposure of an 1nd1v1dua1 .is unlrkely to be
substantially underestimated" (10CFR50 Appendix I). The definition, below, of a smgle
"critical receptor” (a hypothetical or real individual whose behavior results in a maximum
potential dose) provides part of the conservative margin to the calculation of total body dose in
Method I. Method II allows that actual individuals, associated with identifiable exposure - -
pathways, be taken into account for any given release. In fact, Method I was based on a Method
II analysis for a critical receptor assuming all principal pathways present instead of any real
individual. That analysis was called the "base case;" it was then reduced to form Method I.- The

. general equations used in the base case analysis are also used as the starting point in Method II
- - evaluations. The base case, the method of reduction, and the assumptrons and data used are

presented below.

The steps performed in the Method I derivation follow. First, the dose impact to the critical
receptor [in the form of dose factors DFL;y, (mrem/pCi)] for a unit activity release of each
radioisotope in liquid effluents was derived. The base case analysis uses the general equations,
methods, data and assumptions in Regulatory Guide 1.109 (Equations A-3 and A-7, Reference
A). The liquid pathways contributing to an individual dose are due to consumption of fish and
invertebrates, shoreline activities, and swimming and boating near the drscharge point. A
nominal operatmg plant discharge flow rate of 918 ft¥/sec was used with a mixing ratio of 0.10.
The mixing ratio of 0.10 corresponds to the minimum expécted prompt dilution or near-field
mixing zone created at the ocean surface directly above the multiport diffusers. (Credit for’
additional dilution to the outer edge of the prompt mrxrng zone which corresponds to the IOF

‘surface isotherm (m1x1ng ratio .025) can be applied in the Method 1I calculation for shoreline
" .exposures only since the edge of this isotherm typically does not reach the shoreline receptor

points during the tidal cycle. The mixing ratio for aquatic food pathways in Method II
assessments shall be limited to the same value (0.10) as applied in Method I for near-field

mixing, or prompt dilution only.
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The requirements for the determination of radiological impacts resulting from releases in liquid
effluents is derived from 10CFR50, Appendix I. Section IIL.A.2 of Appendix I indicates that in
making the assessment of doses to hypothetical receptors, "The Applicant may take account of
any real phenomenon or factors actually affecting the estimate of radiation exposure, including
the characteristics of the plant, modes of discharge of radioactive materials, physical processes
tending to attenuate the quantity of radioactive material to which an individual would be
exposed, and the effects of averaging exposures over time during which determining factors may
fluctuate.” In accessing the liquid exposure pathways that characterize Seabrook Station, the
design and physical location of the Circulating Water Discharge System needs to be considered

within the scope of Appendix I.

Seabrook utilizes an offshore submerged multiport diffuser discharger for rapid dissipation and
mixing of thermal effluents in the ocean environment. The 22-port diffuser section of the
Discharge System is located in approximately 50 to 60 feet of water with each nozzle 7 to 10 feet
above the sea floor. Water is discharged in a generally eastward direction away from the
shoreline through the multiport diffuser, beginning at a location over one mile due east of
Hampton Harbor inlet. This arrangement effectively prevents the discharge plume (at least to the
1 degree or 40 to 1 dilution isopleth) from impacting the shoreline over the tidal cycle.

Eleven riser shafts with two diffuser nozzles each form the diffuser and are spaced about 100 feet
apart over a distance of about 1,000 feet. The diffusers are designed to maintain a high exit
velocity of about 7.5 feet per second during power operations. Each nozzle is angled
approximately 20 degrees up from the horizontal plane to prevent bottom scour. These high
velocity jets passively entrain about ten volumes of fresh ocean water into the near field jet
mixing region before the plume reaches the water surface. This factor of 10 mixing occurs in a
very narrow zone of less than 300 feet from the diffuser by the time the thermally buoyant plume
reaches the ocean surface. This high rate of dilution occurs within about 70 seconds of discharge

from the diffuser nozzles.

The design of the multiport diffuser to achieve a 10 to 1 dilution in the near field jet plume, and a
40 to 1 dilution in the near mixing zone associated with the 1 degree isotherm, has been verified
by physical model tests (reference "Hydrothermal Studies of Bifurcated Diffuser Nozzles and
Thermal Backwashing - Seabrook Station,” Alden Research Laboratories, July 1977).

During shutdown periods, when the plant only requires service water cooling flow, the high
velocity jet mixing created by the normal circulating water flow at the diffuser nozzles is
reduced. However, mixing within the discharge tunnel water volume is significantly increased
(factor of about 5) due to the long transit time (approximately 50 hours) for batch waste
discharged from the plant to travel the three miles through the 19-foot diameter tunnels to the
diffuser nozzles. Additional mixing of the thermally buoyant effluent in the near field mixing
zone assures that an equivalent overall 10 to 1 dilution occurs by the time the plume reaches the

ocean surface, '
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The dose assessment models utilized in the ODCM are taken from NRC Regu]atory Guide 1. 109.
- The liquid pathway equations include a parameter (M;) to account for the mixing ratio
(rec1procal of the dilution factor) of effluents in the environment at the point of exposure. Table
1, in Regulatory Guide 1.109, defines the point of exposure to be the location that is anticipated :
to be occupied during plant lifetime, or have potential land and water usage and food pathways as
could actually exist during the term of plant operation. For Seabrook, the potable water and land
irrigation pathways do not exist since saltwater is used as the receiving water body for the
circulating water discharge. The three pathways that have been factored into the assessment
models are shoreline exposures, ingestion of invertebrates, and fish ingestion.

With respect to shoreline exposures, both the mixing ratios of 0.1 and 0.025 are extremely
conservative since the effluent plume which is discharged over one mile offshore never reaches
the beach where this type of exposure could occur. Similarly, bottom dwelling invertebrates,
either taken from mud flats near the shoreline or from the area of diffuser, are not exposed to the
undiluted effluent plume. The shore area is beyond the reach of the surface plume of the
discharge, and the design of the upward directed discharge nozzles along with the thermal
buoyancy of the effluent, force the plume to quickly rise to the surface without affecting bottom

organisms

Consequentrally, the only assumed exposure pathway Wthh mxght be impacted by the near field
plume of the circulating water discharge i is finfish. However, the mixing ratio of 0.1 is very
conservative because fish will avoid both the high exit velocity provided by the discharge nozzles
and the high thermal temperature difference between the water discharged from the diffuser and
- the ambient water temperature in the near field. In addition, the dilution factor of 10 is achieved

" within 70 seconds of discharge and confined to a very small area, thus prohibiting any significant
quantity of fish from reachmg equlhbrxum condmons with radroactlvrty concentrations created in

the water envrronment

The mixing ratio of 0. 025 Wthh corresponds to the 1 degree thermal near ﬁeld mixing zone, is a
more realistic assessment of the dilution to which finfish might be exposed. However, even this
dilution credit is conservative since it neglects the plant’s operational design which discharges
radioactivity by batch mode. Batch discharges are on the order of only a few hours in duration
.several times per week and, thus, the maximum discharge concentrations are not maintained in
~ the environment long enough to allow fish to reach equilibrium uptake concentrations as
assumed in the dose assessment modeling. Not withstanding the above expected dilution credit
afforded at the 1 degree isotherm, all Method II aquatic food pathway dose calculations shall
conservatively : assume credit for prompt dilution only with an M, =0. 10. When dose impacts
* from the fish and mvertebrate pathways are then added to the conservatxve dose 1mpacts derived
for shoreline exposures, the total calculated dose is very unlikely to have underestimated the

exposure to any real individual. . .

The recommended value for dilution of 1.0 given in NUREG-0133 is a simplistic assumption
provided so that a single model could be used with any plant design and physical discharge
arrangement. For plants that utilize a surface canal-type discharge structure where little
entrainment mixing in the environment occurs, a dilution factor of 1.0 is a reasonable
assumption. However, in keeping with the guidance provided in Appendix Ito 10CFR50,
Seabrook has determine site-specific mixing ratios which factor in its plant design.
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where:

7.1.2

The transit time used for the aquatic food pathway was 24 hours, and for shoreline activity 0.0
hours. Table B.7-1 outlines the human consumption and use factors used in the analysis. The
resulting, site-specific, total body dose factors appear in Table B.1-11. Appendix A provides an
example of the development of a Method I liquid dose conversion factor for site-specific
conditions at Seabrook.

Dose to the Total Body

e
1

For any liquid release, during any period, the increment in total body dose from radionuclide
is:

AD, =kQ,;DFL,,

.. [ mrem
(mrem) () (4Ci) - (7-1
MCi
DFLy, = Site-specific total body dose factor (mrem/pCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.
Qi = Total activity (uCi) released for radionuclide "i".
k =  9]8/F4 (dimensionless); where Fj is the average dilution flow of the Circulating

Water System at the point of discharge from the multiport diffuser (in ft*/sec).

Method I is more conservative than Method II in the region of the Part A dose limits because the
dose factors DFL;y, used in Method I were chosen for the base case to be the highest of the four
age groups (adult, teen, child and infant) for that radionuclide. In effect each radionuclide is
conservatively represented by its own critical age group.

Dose to the Critical Organ

The methods to calculate maximum organ dose parallel to the total body dose methods (see Part
B, Section 7.1.1).

For each radionuclide, a dose factor (mrem/uCi) was determined for each of seven organs and
four age groups. The largest of these was chosen to be the maximum organ dose factor (DFLimo)
for that radionuclide. DFL;, also includes the external dose contribution to the critical organ.

For any liquid release, during any period, the increment in dose from radionuclide "i" to the
maximum organ is:

A]Dmo = ka DFleo

. [ MIem
(mrem) () (4Ci) ( i ] (7-2)
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where:

"DFLime = ‘Site-spe'ciﬁc maximum organ dose factor (mrem/pCi) for a liquid'release. -See
Table B.1-11. ‘ '
Qi = Total activity (uCi) released for rédibnuc]idé "i".
k = 918/F4 (dimensionless); where Fy is the average di]ution‘ﬂow of the Circulating

Water System at the point of discharge from the multiport diffuser (in f¥/sec).
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Table B.7-1 :
Usage Factors for Various Liquid Pathways at Seabrook Station

(From Reference A, Table E-5%, except as noted. Zero where no pathway exists)

AGE VEG. LEAFY MILK MEAT FISH INVERT.| POTABLE | SHORELINE | SWIMMING**| BOATING**
VEG. WATER '

(KG/YR) [ (KG/YR) | (LITER/YR) | (KG/YR) | (KG/YR) | (KG/YR) | (LITER/YR)| (HR/YR) | (HR/YR) | (HR/YR)
Adult | 0.00 0.00 0.00 0.00 21.00]  5.00| 0.0 334,00%+* 8.00 52.00
Teen 0.00 0.00 0.00 0.00 1600  3.80| 000 67.00 45.00 52.00
Chid | 000 | o000 0.00 0.00 6.90 1.70]  0.00 14.00 28.00 29.00
Infant | 0.00 | 0.00 0.00 0.00 0.00 0.00f 000 0.00 0.00 0.00

%k

Kk k

Regulatory Guide 1.109.

HERMES; "A Digital Computer Code for Estimating Regional Radiological Effects from Nuclear Power Industry," HEDL, December

1971. Note, for Method II analyses, these pathways need not be evaluated since they represent only a small fraction of the total dose

contribution associated with the other pathways.
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7.2
7.2.1

where:

Gaseous Release Dose Calculations

“Total Body Dose Rate From Noble Gases

This section serves: (1) to document the development of the Method 1 equation, (2) to provide
background information to Method I users, and (3) to identify the general equations, parameters
and approaches to Method II-type dose rate assessments. A

Method I may be used to show that the Part A Controls which limit total body dose rate from
noble gases released to the atmosphere (Part A Control C.7.1.1) has been met for the peak noble

gas release rate.

Method I was derived from general equatlon B 8 in Regulatory Guide 1.109 as follows:

D»=1E+06[X/Q) ¥, Q,DFB, - (7-3)

mrem |_( pCi (_sic)(/lCi) mrem-m’
yr ) \uCij\m’/\ sec pCi-yr

[X/Q]* =  Maximum off-site receptor location long-term average gamma atmospheric
dispersion factor. : T '
Qi = Release rate to the environment of noble gas "i" (]J.CI/SCC)
- IR T 3 ™ - .
. DFB;" = Gamma total body dose factor,.("—“é—',“i“—} See Table B.1-10. . (Regulatory
. _ pCi-yr ) . ‘ o

Guide 1.109, TableB 1).

Elevated and ground level gaseous efﬂuent release points are addressed separately through the
use of specific [X/Q]r For an elevated | gaseous effluent release pomt and off-site receptor, ’

Equation 7-3 takes the form:

Daty=(1E+06)* 8.5E-07)* ¥ (O, *DFB,)

mrem- _ roCi *‘(_se_c)‘*g ;1C1,,=mrem—m3
yr- pCi) \m®) “sec: pCi-yr.
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which reduces to:

. . (3-32)
Duo =085* Y(Q* DFB,)

mrem | _  pCi-sec 5 ( u Ci) o[ mrem-m’
yr uCi-m’ sec pCi-yr

For a ground level gaseous effluent release point and off-site receptor, Equation 7-3 takes the

form:

Du = (1E+06)*(3.4E-06)* > (Q,* DFB;)

which reduces to:

7.2.2

: : (3-3b)
Dup =3-4* ) (Q,*DFB))

(mrem _ [ pCi-sec 5> (,u Ci) [ mrem-m®
yr #Ci-m’ sec pCi- yr

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in the derived
Method I, since the maximum expected off-site long-term average atmospheric dispersion factor
is used. The sum of doses from both plant vent stack and ground level releases must be
considered for determination of Technical Specification compliance. All noble gases in

Table B.1-10 should be considered.

A Method II analysis could include the use of actual concurrent meteorology to assess the dose
rates as the result of a specific release.

Skin Dose Rate from Noble Gases

This section serves: (1) to document the development of the Method I equation, (2) to provide
background information to Method I users, and (3) to identify the general equations parameters
and approaches to Method I-type dose rate assessments. The methods to calculate skin dose rate
parallel the total body dose rate methods in Part B, Section 7.2.1. Only the differences are

presented here.

Method I may be used to show that the Part A Controls which limit skin dose rate from noble
gases released to the atmosphere (Part A Control C.7.1.1) has been met for the peak noble gas

release rate.

The annual skin dose limit is 3,000 mrem (from NBS Handbook 69, Reference D, pages 5 and 6,
is 30 rem/10). The factor of 10 reduction is to account for nonoccupational dose limits.
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It is the skin dose commitment to the critical, or most limiting, off-site receptor assuming
long-term site average meteorology and that the release rate reading remains constant over the

entire year.

Method I was derived from the general equatlon B-9in Regu]atory Guide 1.109 as follows:

D°=1.11D} +3.17E+04 ¥ ,[X/QIDFS; S , (7-4)
mrem [mrem) mrad (pCi- yr) Ci ( sec \( mrem-m’
yr mrad J{ yr J\ Ci-sec/yr\m’/{ pCi-yr
where:
1.1 = Average ratio of tissue to air abSorptidn coefficients (will convert mrad in air to

mrem in tissue).

DFS; =~ =  Betaskin dose factor for a semi-infinite cloud of radlonuchde "y Wthh mcludes
the attenuation by the outer "dead" layer of the skin.

DL = 3.17E+04 3, Qi[X/Q]DF{ . . . (7-5)
_ - .
mrad =(pCi— yr) )(ﬁ) ‘mrad-m’
yr Ci-sec pC1 yr
DF’ = Gamma air dose factor for a umform semi-infinite cloud of radionuclide "i".

Now it is assumed for the definition of (X/Q) from Reference 8 that:

D =DLIXQYAXQ] 7-6)
(=) ) ()
yr yr Jim’/\sec
and ’
Q = 31549 | - 7-7)

BIe e
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SO.

Da, =1.11 1E+06 [%Y ¥ Q * DFY | (7-8)
mrem) _ (mrem) (pCi) (ieﬁ)(,uﬁ) mrad - m*
yr ) \mrad )\ uCij\m® )\ sec )| pCi-yr
+1E+06 X/Q ¥, Q,DFS,

pCi (ﬂ’_) (ﬂCl) mrem-m’
uCi J\m’ ) sec |\ pCi-yr
Substituting atmospheric dispersion factors for an elevated gaseous effluent release point, Equation 7-8

takes the following form:

Duiney =[1.11¥1E+06*8.5E-07* " (@, * DF? )] +[1E+ 06 *8.2E- 07 * 3 (Q, * DFS;)]

which yields:

D =[0-94 3 (Q, * DE/)]+[0.82 3 (Q;* DFS; )]

o . 3 . ) _
mrem | _ pC1. sec—mrem ¥ uCi, mrer'n m |, pr- sec > uCi, mrerfl m (7-92)
yr 4 Ci—m?®-mrad sec  pCi-yr uCi-m? sec  pCi-yr

defining:
DF; = 0.94 DF! +0.82 DFS; (7-10a)

Then the off-site skin dose rate equation for an elevated gaseous effluent release point is:

Dixinge) = Z Qi *DFio (3-4a)

mrem | _ 5 4Ci  mrem-sec
yr sec  uCi-yr

For an off-site receptor and a ground level gaseous effluent release point, Equation 7-8 becomes:

Daing =[1-11*1E+ 06 * 3.4 E- 06 * 5(Q), * DF))]+[1E+ 06 *1.0E- 05* 3 ((), * DFS)]
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which yields:

Dainp =[3-8 2 (Q* DEN]+[10 2. (Q;* DFS)] | (720)
=2 Q[3.8DF +10 DFs]
defining:
DFip = 3.8 DF] +10 DFS; (7-10b)
Then the off-site skin dose rate equation for ground level gaseous effluent release points is:
| | (3-4b)

Dasip = 2, Qi * DFip

The selection of critical receptor, outlined in Part B, Section 7.3, is inherent in the derived
Method I, as it is based on the determined maximum expected off-sitc atmospheric dispersion
factors. All noble gases in Table B.1-10 must be consrdered

7.2.3 Critical Orpan Dose Rate from Iodmes Trmum and Partlculates With Half Lives Greater Than
Elght Days

This section serves: (1) to document the development of the Method 1 equation, (2) to provide
background information to Method I users, and (3) to identify the general equation's parameters
and approached to Method II type dose rate assessments. The methods to calculate skin dose rate
parallel the total body dose rate methods in Part B, Section 7.2.1.

Method 1 may be used to show that the Part A Controls which limit organ dose rate from iodines,
tritium and radionuclides in particulate form with half lives greater than 8 days released to the
atmosphere (Part A Control C.7.1.1) has been met for the peak above-mentioned release rates.
The annual organ dose limit is 1500 mrem (from NBS Handbook 69, Reference D, pages 5 and
6). It is evaluated by looking at the critical organ dose commitment to the most limiting off-site

receptor assuming long—term srte average meteoro]ogy

The equation for D ., is derived from a form of Equation 3-8 in Part B, Section 3.9 by applying
the conversion factor, 3.154E+07 (see/yr) and converting Q to Q puCi/sec:
| . (7-12)
De=3.15E+07* > (Q,*DFG,,,)
i

( mrem)_( sec) ( u Ci)*( mrem)
=%y _
yr yr sec HCi
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Equation 7-12 is rewritten in the form:

where:

D= (O, *DFGY,)
[mrem)=z(yCiJ*(mren.l-Sec] (7-12a)
yr sec uCi-yr

(7-13)

DFGico =3.154 E+07 * DFGico
mrem-sec | _( sec ), mrem
uCi-yr yr ) \ #Ci
The dose conversion factor, DFGic,, has been developed for both elevated gaseous effluent
release points and ground level gaseous effluent release points (DFGicoe) and DFGico(g))s

respectively. These dose factors are used to determine accumulated doses over extended periods
and have been calculated with the Shielding Factor (SF) for ground plane exposure set equal to

'0.7, as referenced in Regulatory Guide 1.109. In the case of the dose rate conversion factors

(DFGicor) and DFG ico(g)), the dose conversion factors from which they were derived were
calculated with the Shielding Factor (SF) for ground plane exposure set equal to 1.0.

For an off-site receptor and elevated effluent release point, the critical organ dose rate equation
is:

) . , (3-5a)
Deoey = Z (Q;*DFGiy,))
mrem | _ 5y 4 Ci  mrem-sec
yr sec  uCi-yr
For an off-site receptor and ground level effluent release point, the critical organ dose rate
equation 1s:
(3-5b)

I.)co(s) = Z (Q. *DFG ;CO(x) )
mrem | _ 5> #Ci , mrem-sec
yr sec uCi-yr

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in Method I, as are
the expected atmospheric dispersion factors.
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In accordance with the Basis Statement 3/4. 11.2.1 in NUREG-0472, and the base's section for the
organ dose rate limit given for Part A Control C.7.1.1 a Method II dose rate calculation, for
compliance purposes, can be based on restricting the inhalation pathway to a child's thyroxd to
less than or equal to 1,500 mrem/yr. Concurrent meteorology with time of release may also be

" used to assess comphance for a Method TI calculation.

7.2.4 Gamma Dose to Air from Noble Gases -

This section serves: (1) to document the development and conservative nature of Method I
equations to provide background information to Method I users, and (2) to identify the general
equations, parameters and approaches to Method II-type dose assessments.

Method I may be used to show that the Part A Control C.7.2.1 which limits off-site gamma air
dose from gaseous effluents has been met for releases over appropriate periods. This Part A
Control is based on the objective in 10CFR50, Appendix I, Subsection B.1, which limits the
estimated gamma air dose in off-sxte unrestncted areas.

NUREG/CR-2919 presents a methodology for determining atmospheric dispersion factors

(CHV/Q values) for intermittent releases at user specified receptor locations (intermittent releases -
being defined as releases with durations between 1 and 8,760 hours). The CHI/Q values for
intermittent releases are determined by linearly interpolating (on a log-log basis) between an
hourly 15-percentile CHI/Q value and an annual average CHI/Q value as a function of release -
duration. This methodology has been adopted to produce a set of tlme-dependent atmospheric
dispersion factors for Method I calculations.

For any noble gas release, in any period, the increment in dose is taken from Equations B-4 and
B-5 of Regulatory Guide 1.109 thh the added assumption that Dn-nm =Dr [X/Q] T /[X/Q]:

ADjyy = 3.17E+4 [X/Q}y ZQsDFr coE e B
»‘pC‘Ji-yr sec mrad -m [ ~:- | '. : ,_-
(Ci—sec) (m )( D ( pCi-yr ) ) ) A ' (7-14)

" 3.17E+04= _ " Number of pCi per C1 dlvrded by the number of seconds per year

(mrad)

where:

[X/Q)r = Annual average gamma atmosphenc dlspersmn factor for the receptor locatron of
' mterest ‘ e -

Qi = Number of curies of noble gas i" released.

DFy; = Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i"

Incorporating a unitless release duration adjusnnent term t (where "a" is a constant and "t" is the total

release duration in hours), and the conversion factor for Ci to pCi (to accommodate the use of a ‘rélease
rate Q in pCl) and substituting the 1-hour gamma atmospheric dispersion factor in place of the annual

average gamma atmospheric dispersion factor in Equation 7-14 leads to:
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D}, = 3.17E-02+[X/Q, » 7+ > (Qa* DFi},)
(mrad) = pCi-yr )}, (ﬁ) £y uCi * mrad-m’ (3-6)
uCi—sec m’ pCi-yr

For an elevated release, the equation used for an off-site receptor is:

DY

luo =317E-02*[LOE-05]*¢°7+ 3 (Q *DF)

which leads to:

DY =3.2E-07* {*7*5 (Q, * DF/) (3-6a)
pCi-yr . mrad-m?
d) = [ X2———xF— * * —
(mrad) (,uCi—m’) Z (;zCl oCioyr J

For a ground-level release, the equation used for an off-site receptor is:

Diyp =3-17E- 02*[4.9E-05]* ¢ * 3 (@*DpF)

which leads to:

7.2.5

D%, =1.6E-06* {** 3 (Q,*DF’) (3-6b)
pCi-yr . mrad - m’®
d = —— * . ’ —
(mrad) [ﬂCi—m’) 2 (#Cl pCi-yr J

The major difference between Method I and Method II is that Method II would use actual or
concurrent meteorology with a specific noble gas release spectrum to determine [X/Q]? rather
than use the site's long-term average meteorological dispersion values.

Beta Dose to Air from Noble Gases

This section serves: (1) to document the development and conservative nature of Method I
equations to provide background information to Method I users, and (2) to identify the general
equations, parameters and approaches to Method II-type dose assessments.

Method I may be used to show that Part A Control C.7.2.1, which limits off-site beta air dose
from gaseous effluents, has been met for releases over appropriate periods. This Part A Control
is based on the objective in 10CFR50, Appendix I, Subsection B.1, which limits the estimated
beta air dose in off-site unrestricted area locations.

For any noble gas release, in any period, the increment in dose is taken from Equations B-4 and
B-5 of Regulatory Guide 1.109:

AD% = 3.17E-02*X/QY (Q, * DFf) (7-15)
_ [ pCi-yr |, (sec .. [ mrad-m’
(mrad) = (,uCi—secJ (m’) (C1) ( pCi-yr J
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where:

DF’= Betaair dose factors for a uniform semi-infinite cloud of radionuclide "i
Incorporating the term t™ into Equation 7-15 leads to:

Df = 3.17E-02* X/Q,, *t* *; (@ * DF?)

Where X/Qip,, = average 1-hour undeplcted atmospheric dispersion factor.

For an elevated rgleasé, the equatior; q;ed i;or an off-site réceptor is:

Dfw = 3.17E-02%1.3E-05 * (34 s (Q + DFY)

. = __pCi-yr‘ T iy EN " ., mrad-m’
(mrad)—(#Ci_sec) (m) ()% (;{Cx ‘_—pa-yr)

which leads to:

Dﬁr;e) = 4.1E~07*t'o'3;*z (Q * DF%B) -

:_ pCi-yr . . ) *‘ mrad - m?
(mrad) ‘= [,uC ) ()*X (/,c, o ) |

For a ground-level release, the equation used for an off-site receptor is:

Dy = 3.17E-02*19E-04+t" 5 @ * DF?)
i

- M « | 5¢C1 . * . mrad -m?
(mrad) = (,uCi-sec) (m) ()=*Z (#Cx e J

"
.

G-7

(3-7a)
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which leads to:

Dl = 6.0E-06*t*" »3 (Q; * DFf) (3-7b)

(mrad) = (PCI )’f) * ( )*Z [,UCI * mratii-ms)

pCi—m pCi-yr
7.2.6 Dose to Critical Organ from Iodines, Tritium and Particulates with Half-Lives Greater Than Eight
Days

This section serves: (1) to document the development and conservative nature of Method I
equations to provide background information to Method I users, and (2) to identify the general
equations, parameters and approaches to Method II-type dose assessments.

Method I may be used to show that the Part A Controls which limit off-site organ dose from
gases (C.7.3.1 and C.8.1.1) have been met for releases over the appropriate periods. Part A
Control C.7.3.1 is based on the ALARA objectives in 10CFR50, Appendix I, Subsection I C.
Part A Control C.8.1.1 is based on Environmental Standards for Uranium Fuel Cycle in
40CFR190, which applies to direct radiation as well as liquid and gaseous effluents. These
methods apply only to iodine, tritium, and particulates in gaseous effluent contribution.

Method I was developed such that "the actual exposure of an individual ... is unlikely to be
substantially underestimated" (10CFR50, Appendix I). The use below of a single "critical
receptor" provides part of the conservative margin to the calculation of critical organ dose in
Method I. Method II allows that actual individuals, associated with identifiable exposure
pathways, be taken into account for any given release. In fact, Method I was based on a Method
II analysis of a critical receptor assuming all pathways present. That analysis was called the
"base case”; it was then reduced to form Method I. The base case, the method of reduction, and
the assumptions and data used are presented below.
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The steps performed in the Method I derivation follow. First, the dose impact to the critical
receptor [in the form of dose factors DFGico (mrem/pCi)] for a unit activity release of each
iodine, tritium, and particulate radionuclide with half lives greater than eight days to gaseous
effluents was derived. Six exposure pathways (ground plane, inhalation, stored vegetables, leafy
vegetables, milk, and meat ingestion) were assumed to exist at the site boundary (not over water
or marsh areas) which exhibited the highest long-term X/Q. Doses were then calculated to six
organs (bone, liver, kidney, lung, GI-LLI, and thyroid), as well as for the whole body and skin for
four age groups (adult, teenager, child, and infant) due to the seven combined exposure
pathways. For each radionuclide, the highest dose per unit activity release for any organ (or
whole body) and age group was then selected to become the Method I site-specific dose factors.
The base case, or Method I analysis, uses the general equations methods, data, and assumptions
in Regulatory Guide 1.109 (Equation C-2 for doses resulting from direct exposure to
contaminated ground plane; Equation C-4 for doses associated with inhalation of all
radionuclides to different organs of individuals of different age groups; and Equation C-13 for
doses to organs of individuals in different age groups resulting from ingestion of radionuclides in
produce, milk, meat, and leafy vegctables in Reference A). Tables B.7-2 and B.7-3 outline
human constimption and environmental parameters used in the analysis.' It is conservatively
assumed that the critical receptor lives at the "maximum off-site atmospheric dispersion factor

location" as defined in Section 7.3.

The resulting site-specific dose factors are for the maximum organ which combine the limiting
age group with the highest dose factor for’ any organ with each nuclide. These critical organ,
critical age dose factors are given in Table B.1-12. Appendix A provides an example of the

* development of Method I gaseous dose conversion factor for site-specific conditions at Seabrook.

For any iodine, tritium, and particulate gas release during any penod the increment in dose from

nan

radionuclide "i" is: ey v
| Acho QDFGICO : ;;' ‘ » | . | - : L ) (7-16)

’ .where DFGlco is the crmcal dose factor for radronuchde "1" and Ql is the actrvxty of radlonucllde
released in mlcrocunes

) Applymg this mformatron, it fo]lows that the general form for the crmcal organ dose equatlon is:

'Dm—(X/Qr"*"/OUQ)“"*t'*z:<Q b6 6B

~ - _[sec) [ sec ‘mrem)
m m’ cuCi) o
Substntutmg spec1ﬁc values assocxated w1th the maximum off-sxte receptor location and elevated
release condition ylelds = . :

Degy = (1.12E- 05)/(7.55 E- 07) * t**?ﬁ”* % (Q* DFGis) .
which reduces to:

Dexy=14.8* 19%7* 5 (Q;* DF Giete)) | (3-8a)
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For the maximum off-site receptor location and ground-level release conditions, the equation is:

Deoggy = (1.71E- 04) /(9.64 E- 06) * /031 * 2 (Q;* DFGico(ey)

which reduces to:

Dco(g) =17.7%* t—0.316 * Z (QI * DFGico(g)) (3-8b)

7.2.7 Special Receptor Gaseous Release Dose Calculations

7.2.7.1

Part A Section 10.2 requires that the doses to individuals involved in recreational activities
within the site boundary are to be determined and reported in the Annual Radioactive Effluent

Release Report.

The gaseous dose calculations for the special receptors parallel the bases of the gaseous dose
rates and doses in Part B, Sections 7.2.1 through 7.2.5. Only the differences are presented here.

The special receptor XQs are given in Table B.7-5.

Total Body Dose Rate from Noble Gases
Method I was derived from Régulatbry Guide 1.109 as follows:

Dy =1E+06[X/QY >  Q,DFB, (7-3)

General Equation (7-3) is then multiplied by an Occupancy Factor (OF) to account for the time
an individual will be at the on-site receptor locations during the year. There are two special
receptor locations on-site. The "Rocks" is a boat landing area which provides access to Browns
River and Hampton Harbor. The Seabrook Station UFSAR, Chapter 2.1, indicates little boating
activity in either Browns River or nearby Hunts Island Creek has been observed upon which to
determine maximum or conservative usage factors for this on-site shoreline location. As aresult,
a default value for shoreline activity as provided in Regulatory Guide 1.109, Table E-5, for
maximum individuals was utilized for determining the "Rocks" occupancy factor. The 67
hours/year corresponds to the usage factor for a teenager involved in shoreline recreation. This is
the highest usage factor of all four age groups listed in Regulatory Guide 1.109, and has been
used in the ODCM to reflect the maximum usage level irrespective of age.

Regulatory Guide 1.109 does not provide a maximum individual usage factor for activities
similar to those which would be associated with the Seabrook Station Science & Nature Center.
Therefore, the usage factor used in the ODCM for the Science & Nature Center reflects the
observed usage patterns of visitors to the facility. Individuals in the public who walk in to look
at the exhibits on display and pick up available information stay approximately 1.5 hours each.
Tour groups who schedule visits to the facility stay approximately 2.5 hours. For conservatism,
it was assumed that an individual in a tour group would return five times in a year, and stay 2.5
hours on each visit. These assumptions, when multiplied together, provide the occupancy factor:
of 12.5 hours/year used in the ODCM for public activities associated with the Science & Nature

Center.

For the Science & Nature Center, and the "Rocks", the occupancy factors (OFs) are:
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12.5hrs/yr®

Science & Nature Center - =(.0014
8760hrs/yr
0
The "Rocks" - 2L/ _ 6 0076
8760 hrs/yr

substituting in the annual average gamma X/Qs:

[X/Q] 7= 1.1E-06 sec/m’ (Science & Nature Center) for primary vent stack releases.

= 5.3E-06 sec/m’> (Science & Nature Center) for ground level releases.
= 5.0E-06 sec/m® (The "Rocks") for primary vent stack releases.
= 2.6E-05 sec/m® (The "Rocks") for ground level ré]eases.

and multiplying by:
OF = 0.0014 (Science & Nature Center)

= 0.0076 (The "Rocks")

gives:
Doro=0.0015*S(Q,*DFB;) . (mrem/yr) | ’
Dor =0.0074* Y (Q,*DFB;)  (mrem/yr)
Disrey = 0-038* Z (Q;*DFB)) (mrem/yr)
Diry =0-2* Z (Q* DFB)) - (mrem/yr)
where:

D yee1s Dok » Divreey»2Nd Do)

(3-3¢)
(3-3d)

- (3-3¢)

(3-30)

= total body dose rates to an individual at the
"'~ Science & Nature Center and the "Rocks"

(recreational site), respectively, due to noble
gases in an elevated (€) and ground level (g)

oy T
' .

release,

- () Taken from Seabrook Station Technical Speciﬁcatiohs (Figure 5.1-1).
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Qand DFB; are as defined previously.

7.2.7.2  Skin Dose Rate from Noble Gases
Method I was derived from Equation (7-8):
D, = LILIE+06 [XQ} % § DFY + (7-8)

skin

IE+06X/Q Y Q;DFS,

substituting in the annual average gamma X/Qs:

[X/QJ" = 1.1E-06 sec/m’ (Scienc.e & Nature Center) for primary vent stack releases.
= 5.3E-06 sec/m’ (Science & Nature Center) for ground level release points.
= 5.0E-06 sec/m’® (The "Rocks") for primary vent stack releases.
= 2.6E-05 sec/m® (The "Rocks") for ground level release points.

and the annual average undepleted X/Qs:

X/Q = 1.6E-06 sec/m’ (Science & Nature Center) for primary vent stack releases.
= 2.3E-05 sec/m’® (Science & Nature Center) for ground level release points.
= 1.7E-05 sec/m® (The "Rocks") for primary vent stack releases.

= 1.6E-04 sec/m® (The "Rocks") for ground level release points.

and multiplying by:
OF =0.0014 (Science & Nature Center)

=0.0076 (The "Rocks")

gives:

Ditingrey = 0-0014 Z Qi [1.22 DF +1.60 DFS; ] for an elevated release point .
Dz = 0-0014 3 Q;[5.88 DF] +23 DFS; ] for a ground level release point.
Dainneoy = 0.0076 Z Q,[5.55 DF} +17.0 DFS; ] for an elevated release point.

Disinriey = 0-0076 3 Q;[28.9 DF} +160 DFS, ] for a ground level release point.
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anq the equations can be written:
Dzt = 0.0014* Z.: (Q,* DFie) |
Dainegy = 0.0014* 3 (Qi * i)Fis(%)j
Dainre = 0-0076* Z (Q;* DFre)
I.)skinr}(g) =0.0076* Z (Q;* DFre)

where:

D intey s Dskinirey » D ssinrey» 14 D ey

* Q,= defined previously, and

DFy,,, DFg,,, DFy,, and DFg

(3-4c)

(3-4d)
(3-4¢)

(3-40)

the skin dose rate (mrem/yr) to an individual at

the Science & Nature Center and the "Rocks",
respectively, due to noble gases in an elevated
(e) and ground level (g) release,

the combined skin dose factors for radionuclide

"i" for the Science & Nature Center and the -
"Rocks", respectively, for elevated (e) and
ground level (g) release points (see

Table B.1-13). - B

7.2.7.3 Critical Organ Dose Rate from Jodines, Tritium and Particulates with Half-Lives Greater Than

Eight Days

The equations for D_, are derived in the same manner as in Part B, Section 7.2.2, except that. -
the occupancy factors are also included. Therefore:

Deorrey = 0.0014* Z (Q,* DFGi_,) for an elevated release. (3-5¢)
Daasep = 0:0014* Y (Q* DFG;COHS))er; g"rouhd‘level rdlewse. | (3-5d)
Dcok(,; =0.0076* Z(Q* DFG:mR(e))for an elevated release. - (3-5¢)
Deorgy = 0.0076* Z Q* DFG:“,R“) ) fd;’;l érbund level réleasé. | : (3-5f)
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where:

I

the critical organ dose rates (mrem/yr) to an-

individual at the Science & Nature Center and
the "Rocks", respectively, due to iodine,
tritium, and particulates in elevated (e) and
ground level (g) releases,

DcoE(e) ’ DcoE(g) ’ D coR(e) ? and DcoR(g)

Q,= as defined previously, and

- DFGi g, DFGi o5y » DFGicopge)» 20d DFGipy = the critical organ dose rate factors for
radionuclide "i" for the Science &
Nature Center and the "Rocks",
respectively, for elevated () and
ground level (g) release points (see
Tables B.1-14 and B.1-15).

72.7.4  Gamma Dose to Air from Noble Gases

Method I was derived from Equation (3-6):

D%, =3.17E-02*[X/QF, *t* * 3 (Q* DF)) | (3-6)

where all terms of the equation are as defined previously.

Incorporating the spéciﬁc OF and the atmospheric dispersion factor, the gamma air dose equation for the
Science & Nature Center for elevated releases:

Dligey =3-17E-02*1.1E-05 022 * 0.0014*2 (Q;*DF))

which reduces to:

Dliey = 4-9E-10* %2 * 3°(Q,* DF)) (3-6¢)
: a3
(mrad)=[ 2EYE \a( ya w020
4 Ci-m? pCi-yr

For ground-level releases, the gamma air dose equation for the Science & Nature Center becomes:

De = 3-17E-02*1.0E- 04 t°°* *0.0014* )" (Q,* DF})
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which reduces to:

Diieg = 4-4E-09* ' * 3" (Q,*DF)). ] (3-6d)
.3
(mrad)=[ 2SI o (yo [y e TamD
yCi-m? pCi-yr

Incorporating the specific OF and atmdspheric dispersion factors for the "Rocks" yields the
. gamma air dose equation for elevated releases:

Dlire =3-17E-02*2.1E-05* 0155 *0,0076* Z (Q;*DF)
which reduces to:

Diin = 5.1E-09*t*'* 3" (Q,* DF)) (3-6¢)
.3
/IC ~-m’ pCl-yr
For ground-level releases, the gamma air dose equatidn for the "Rocks" becomgs:'

Dlirgy =3.17E-02*1.7E-04 2 *0.0076* 3 (Q,* DF})

[

which reduces to:

Dlirgy =4-1E- 08% 2% *Z(Q;*DE’) (3-6)
pCi-yr - , mrad-m’
S

7.2.7.5 BetaDose to Air from Noble Gases

Method I was derived as descnbed in Part B, Section 7.2.5. The general form of the dose
equation is: . .

D% =3.17E- 02* X/ Q[ * t* *Z(Q;*Dp,ﬂ) 3-7)

where all terms in the equation are as defined in Part B, Section 7.2.5.
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Incorporating the specific OF and atmospheric dispersion factor for elevated releases into
Equation 3-7 yields the following beta dose equation for the Science & Nature Center:

D5 =3.17E-02*4.0E-05*t™* *0.0014* 3" (Q, * DF/)

which reduces to:

Dfig=1.8E-09* 1% * 5" (Q,* DF/) (3-7¢)
T~ S
(mrady=| BE |+ ( )+ e B
4Ci-m® pCi-yr

For ground-level releases, the beta air dose equation for the Science & Nature Center becomes:

Dfiep =3.17E-02*5.5E-04* 1 *0.0014* " (Q, *DF/)

which reduces to:

Dfe=2.4E-08*t** * 3" (Q,* DFf) (3-7d)
i R
(mrad)= _p_g_}l *()*X #Ci*mr_afiﬂ
#Ci-m’ pCi-yr

Incorporating the specific OF and atmospheric dispersion factors for the
"Rocks" yields the beta air dose equation for elevated releases:

Dfire =3.17E-02*1.6E- 04 *t** *0.0076 * > (Q,* DF/)

which reduces to:

Df ey =3.9E-08*t2* * 3" (Q,* DF/) (3-7¢)

i P
(mrad)=[ ZEIE | ()u5 | oy 02 m.
uCi-m? pCi-yr
For ground-level releases, the beta air dose equation for the "Rocks” becomes:

Dfim(g) =3.17E-02*1.9E- 03 *t%%7 *(.0076 * Z (Q,* DFY)
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which reduces to:

Dfirip =4.6E-07* 27 *3"(Q,* DFf) (3-79)

. - 3
(mrady=( LI Nu ( yo 5o e TOEE
#Ci-m’ pCi-yr
7.2.7.6  Critical Organ Dose from Iodines, Tritium and Particulates With Half-Lives Greater Than
Eight Days

Method I was derived as described in Part B, Section 7.2.3. The Critical Organ Dose
equations for receptors at the Science & Nature Center and the "Rocks" were derived from
Equation 3-8. The following general equation incorporates (i) a ratio of the average 1-hour
depleted atmospheric dispersion factor to the average annual depleted atmospheric dispersion
factor, (ii) the unitless t™ term, and (iii) the OF:

.= (XIQ)P (X/Q)¥™ *t* * OF* ¥ (Q* DFGio)
i

(mrem)=(se:) (sec) ()*( )*Z(,UCI* mrem)
m uCi

Applying the Science & Nature Center-specific factors for elevated release conditions
produces the equation: : :

Deoriy = (3.72E-05)/(1.56 E- 06) * 1 °*® #0.0014* 3" (Q;* DFGicor (o)

which reduces to:

Dok =3-3E-02* t > *3" (Q,* DFGicorey) ' - | (3-8¢)

(mrem)=( )*( )*z(uCi*“‘“"m)

uCi
For a ground-level release, the equation for a receptor at the Sc1ence & Nature Center 1s:

Deotg = (5.21E-04) /(2.23E- 05) * t°*7 % 0.0014* 3 (Q;* DF Gicor )

which reduces to:

Desep =3-3E-02% -%7* 3 (Q;* DFGiorce) (3-84)

(mrem)=( )*( )*z(yCi*m“”.“)
~ uCi
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The specific Critical Organ Dose equation for a receptor at the "Rocks" under elevated release conditions
is:

Deoreoy = (1.54E-04)/(1.61E~ 05) * 2 00076 * 3" (Q, * DFGiorcey)

which reduces to;

Deorey=7.3E-02* {02 * Z (Q; * DFGicoree)) (3-8¢)
(mrem)=( )*( )*z(pc:i*m’e’f‘)
uCi

For a ground-level release, the equation for a receptor at the "Rocks" is:

Deore = (1.80E- 03)/(1.59 E- 04) * 2" #0.0076 * ¥ (Q; * DF Gicorcey)

which reduces to:

DcoR(g) = 86 E' 02 * t-o.267 * Z (Q. * DFGicoR(g)) (3°8f)

(mrem)=( )*( )*z(yCi*m’—e‘f‘)
~ HCi

The special receptor equations can be applied under the following conditions (otherwise,
justify Method I or consider Method II):

1. Normal operations (nonemergency event).
2. Applicable radionuclide releases via the station vents to the atmosphere.

If Method I cannot be applied, or if the Method I dose exceeds this limit, or if a more refined
calculation is required, then Method I may be applied.
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, Table B.7-2
Environmental Parameters for Gaseous Effluents at Seabrook Station

(Derived from Reference A)’

Variable

Vegetables Cow Milk Goat Milk Meat
Stored Leafy Pasture Stored Pasture Stored Pasture Stored
YV Agriculu:al;roductivity Kg/M?) 2. 2. 0.70 2. 0.70 2. 0.70 2
P |Soil Surface Density (Kg/M?) 240. 240. 240. 240. 240. 240. 240. 240
T | Transport Time to User (HRS) 48. 48. 48. 48. 480. 480
TB |Soil Exposure Time (HRS) 131400.{ 131400.| 131400.| 131400. | 131400, | 131400. | 131400, | 131400.
TE ] Crop Exposure Time to Plume (HRS) 1440. 1440, 720. 1440. 720. 1440. 720. 1440
TH |Holdup After Harvest (HRS) 1440. 24, 0. 2160. 0. 2160. 0. 2160
QF |Animals Daily Feed (Kg/DAY) - 50. 50. 6. 6. 50. 50
FP |Fraction of Year on Pasture(z) 0.50 0.50 0.50
FS |Fraction Pasture when on Pasture®™ 1. 1. 1.
FG |Fraction of Stored Veg. Grown in Garden 0.76
FL |Fraction of Leafy Veg. Grown in Garden 1.0
FI |Fraction Elementa‘l'Ioding =0.5
H |Absolute Humidity = 5.60*” (sm/m’)
* Regulatory Guide 1.109, Rev. 1
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Notes:

M

2

€))

(4)

Table B.7-2
Environmental Parameters_for Gaseous Effluents at Seabrook Station

For Method Il dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure time for that release may
be set at 8760 hours (1 year) for all pathways.

For Method II dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of time
animals are assumed to be on pasture is zero (nongrowing season). For the second and third calendar quarters, the fraction of time on

pasture (FP) will be set at 1.0. FP may also be adjusted for specific farm locations if this information is so identified and reported as part
of the land use census. '

~ For Method II analyses, the fraction of pasture feed while on pasture may be set to less than 1.0 for specific farm locations if this

information is so identified and reported as part of the land use census.

For all Method II analyses, an absolute humidity value cqual to 5.6 (gm/m®) shall be used to reflect conditions in the Northeast (Reference
Health Physics Journal, Vol. 39 (August), 1980; Page 318-320, Pergammon Press).
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- Table B.7-3 .
Usage Factors for Various Gaseous Pathways at Seabrook Station

" (from Reférence A, Table E-5)"

Maximum Receptor:

Age Leafy
Group Vegetables Vegetables ¢ Milk - Meat Inhalation
(kg/yr) (kg/yr) (1/yr) (kg/yr) . (m*/yr)
Adult 520.00 64.00 . 310.00 .~ 110.00 - 8000.00
Teen 630.00 42.00 400.00 - ~ 65.00 8000.00 |
Child 520.00 26.00 330.00 41.00 - 3700.00
Infant 0.00 000 _'330.00 000 - 1400.00 ~
The "Rocicé" and AScie‘nce‘& Natufe Céﬁtér:" | ‘
Age S Leafy . ‘ 5 , ) -
Group Vegetables Vegetables Milk . Meat _ Inhalation
(kg/y) kgl s - () kg/y) - (my)
Adult 0.00 000 000 000 . 800000
Teen - 0.00 - - 000 ., . 000 . 0.00 - 8000.00
chiida  © 000 000 000 0.00 3700.00

Infant 0.00 0.00 , 0.00 £ 0.00 . 1400.00

* Regulatory Guide 1.109
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7.3

7.3.1

7.3.2

Receptor Points and Average Atmospheric Dispersion Factors for Important Exposure
Pathways

-The gas‘eous effluent dose equations (Method I) have been simplified by assuming an individhal

whose behavior and living habits inevitably lead to a higher dose than anyone else. The
following exposure pathways to gaseous effluents listed in Regulatory Guide 1.109 (Reference

A) have been considered:

1. Direct exposure to contaminated air;

2. Direct exposure to contaminated ground;
3. Inhalation of air;

4. Ingestion of vegetables;

5. Ingestion of goat's milk; and

6. Ingestion of meat.

Part B, Section 7.3.1 details the selection of important off-site and on-site locations and
receptors. Part B, Section 7.3.2 describes the atmospheric model used to convert meteorological
data into atmospheric dispersion factors. Part B, Section 7.3.3 presents the maximum
atmospheric dispersion factors calculated at each of the off-site receptor locations.

Receptor Locations

The most limiting site boundary location in which individuals are, or likely to be located as a
place of residence was assumed to be the receptor for all the gaseous pathways considered. This
provides a conservative estimate of the dose to an individual from existing and potential gaseous

pathways for the Method I analysis.

This point is the west sector, 974 meters from the center of the reactor units for undepleted,
depleted, and gamma X/Q calculations, and the northwest section, 914 meters for calculations
with D/Q the dispersion parameter.

The site boundary in the NNE through SE sectors is located over tidal marsh (e.g., over water),
and consequently are not used as locations for determining maximum off-site receptors
(Reference NUREG 0133).

Two other locations (on-site) were analyzed for direct ground plane exposure and inhalation
only. They are the "Rocks" (recreational site) and the Education Center shown on Figure 5.1-1 of

the Technical Specifications.

Seabrook Station Atmospheric Dispersion Model

The time average atmospheric dispersion factors for use in both Method I and Method II are
computed for routine releases using the AEOLUS-2 Computer Code (Reference B).
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AEOLUS-2 produces the following average atmospheric dispersion factors for each location:

1. Undepleted X/Q dispersion factors for evaluating ground level concentrations of noble
gases; ' ‘

2.  Depleted X/Q dispersion factors for evaluatmg ground level concentratlons of iodines
and particulates; L

3. Garnma X/Q drspersron factors for evaluatmg gamma dose rates from a sector
averaged finite noble gas c]oud (mu]txple energy undepleted source); and

4. D/Q deposmon factors for eva]uatmg dry deposition of elemental radrolodmes and
other particulates. '

‘ Gamma dose rate is calculated throughout this ODCM using the finite cloud mode] presented in

"Meteorology and Atomic Energy - 1968" (Reference E, Section 7-5.2.5). - That model is

* implemented through the definition of an ‘effective gamma atmospheric dispersion factor, [X/Q7]

(Reference B, Section 6), and the replacement of X/Q in infinite cloud dose equations by the
[X/Q].

Average Atmosghenc Dispersion Factors for Receptor

The calculation of Method I and Method IT atmospheric dlffusmn factors (undepleted CHI/Q
depleted CHI/Q 'D/Q, and gamma CHI/Q values) utilize a methodology generally consistent with

" USNRC Regu]atory Guide 1.111 (Revision 1) criteria and the methodology for calculatmg

" routine release diffusion factors as represented by the XOQDOQ computer code

' (NUREG/CR-2919). The'primary vent sfack is treated as a "mixed-mode" release, as defined in

Regulatory Guide 1.111. Effluents are considered to be part-time ground level/part-time elevated
releases depending on the ratio of thé pnmary ‘vent stack effluent exit velocity relative to the
speed of the prevailing wind. All other release points (e.g., Turbine Building and Chemistry lab
hoods) are considered ground-level releases.

In addition, Regulatory Guide 1.111 discusses the concept that constant mean wind direction
models like AEOLUS-2 do not describe spatial and temporal variations in airflow such as the
recirculation of airflow which can occur during prolonged periods of atmospheric stagnation.

For sites near large bodies of water like Seabrook, the onset and decay of sea breezes can also
result in airflow reversals and curved trajectories. Consequently, Regulatory Guide 1.111 states
that adjustments to constant mean wind direction model outputs may be necessary to account for
such spatial and temporal variations in air flow trajectories. Recirculation correction factors have
been applied to the diffusion factors. The recirculation correction factors used are compatible to
the "default open terrain" recirculation correction factors used by the XOQDOQ computer code.

The relative deposition rates, D/Q values, were derived using the relative deposition rate curves
presented in Regulatory Guide 1.111 (Reyision 1). These curves provide estimates of deposition
rates as a function of plume height, stability class, and plume travel distance.
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Receptor Locations

'For ground-level releases, the downwind location of "The Rocks" (244m NE/ENE) and the
Science & Nature Center (406m SW) were taken as the distance from the nearest point on the
Unit 1 Administrative Building/Turbine Building complex. For the site boundary, the minimum
distances from the nearest point on the Administration Building/Turbine Building complex to the
site boundary within a 45-degree sector centered on the compass direction of interest as measured
from UFSAR Figure 2.1-4A were used (with the exception that the NE-NE-ENE-E-ESE-SE site
boundary sectors were not evaluated because of their over-water locations).

For primary vent stack releases, the distances from the Unit 1 primary vent stack to "The Rocks"
(244m NE) and the Science & Nature Center (488m SW) as measured from a recent site aerial
photograph were used. For the site boundary, the minimum distances from the Unit 1 primary
vent stack to the site boundary within a 45-degree sector centered on the compass direction of
interest as measured from UFSAR Figure 2.1-4A were used (with the exception that the
NNE-NE-ENE-E-ESE-SE site boundary sectors were not evaluated because of their over-water

locations).

Meteorological Data Bases

For "The Rocks" and Science & Nature Center receptors, the diffusion factors represent six-year
averages during the time period January 1980 through December 1983 and January 1987 through
December 1988 (with the exception that, because of low data recovery, April 1979 and May 1979
were substituted for April 1930 and May 1980). For the site boundary receptors, both six-year
average growing season (April through September) and year-round (January through December)
diffusion factors were generated, with the higher of the two chosen to represent the site boundary.

The meteoro]ogicai diffusion factor used in the deve]opmént of the ODCM Method I dose
models are summarized on Tables B.7-4 through B.7-6.
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Table B.7-4
Seabrook Station Long-Term Average Dispersion Factors

» Primary Vent Stack

Dose Rate to Individual Dose to Air Dose to
Critical
Organ
Total Skin Critical Gamma | Beta Thyroid
~ Body Organ
X/Q depleted (s;c;:) - - 7.5E-07 - - 7.5E-07
m
X/Q undepleted ( _s_e;:‘) - 8.2E-07 - - 8.2E-07 -
m
- - . 1.5E-08" - - 5E-08
D/Q(Lz) :15508 , ISEO |
m
X/Qr ( .Si‘:) 8.5E-07 8.5E-07 - 8.5E-07 - -
m
" West site boundary, 974 meters from Containment Building
** Northwest site boimdary, 914 meters from Containment Building
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Table B.7-5 .
Seabrook Station L.ong-Term Average Dispersion Factors

for Special (On-Site) Receptors

Primary Vent Stack
Dose to
Critical
Dose Rate to Individual Dose to Air Organ
Total Skin Critical Gamma Beta Thyroid
Body Organ
Education Center:
(SW - 488 meters)
sec - - 1.5E-06 - - 1.5E-06
X/Q depleted (?) .
' sec - 1.6E-06 - - 1.6E-06 -
X/Q undepleted (—J
m .
i
1) - - 2.7E-08 - - - '
e ()
sec 1.1E-06 | 1.1E-06 - 1.1E-06 - -
e (s)
m
The "Rocks":
(ENE - 244 meters)
sec - - 1.6E-05 - - 1.6E-05
X/Q depleted [?)
sec - 1.7E-05 - - 1.7E-05 -
X/Q undepleted (?)
1 - - 1.1E-07 - - -
DIQ|—
m
sec 5.0E-06 | 5.0E-06 - 5.0E-06 - - .
xo(%) N
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Table B.7-6
Seabrook Station

Long-Term Atmospheric Diffusion and Deposition Factors

Ground-Level Release Pathway

RECEPTORWY
Diffusion Factor The Rocks Science & Nature Off-Site
Center
Undepleted CHU/Q, sec/m’ 1.6x10* 23x10% 1.0x 107
(244m ENE) (406m SW) (823m W)
Depleted CHUQ, sec/m’ 1.5x 10 2.1x10% 9.6x 10
(244m ENE) (406m SW) (823m W)
D/Q, m* 5.1x107 1.0x 107 5.1x 108
(244m ENE) (406m SW) (823m W)
Gamma CHI/Q, sec/m’ 2.6x107° 53x10° 3.4x10%
(244m ENE) (406m SW) (823m W)

(@)

The highest site boundary diffusion and deposition factors occurred during the April through
September growing season. Note that for the primary vent stack release pathway, none of the
off-site receptor diffusion and deposition factors (located at 0.25-mile increments beyond the site
boundary) exceeded the site boundary diffusion and deposition factors.
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80 BASES FOR LIQUID AND GASEOUS MONITOR SETPOINTS
8.1  Basis for the Liquid Waste Test Tank Monitor Setpoint

The liquid waste test tank monitor setpoint must ensure that the limits of Part A Control C.5.1
are not exceeded in combination with any other site discharge pathways. The liquid waste test
tank monitor is placed upstream of the major source of dilution flow.

The derivation of Equation 5-1 begins with the general equation for the response of a radiation

monitor:
R=% Ci & . = S 8-1)
eps) = (#n::ll) (CP;':;"]}
where:
R = Response of the monitor to rédioactivity (cps).
Sy = Detector counting efﬁcieﬁcy for ra(iibnuclide "i" (cps/(nCi/ml)). |
Cy = Activity concentration of each gamma emitting radionuclide "i" in the mixture that

the monitor has a response efficiency sufficient to detect (uCi/ml).

The detector calibration procedure for the liquid waste test tank monitor at Seabrook Station
establishes counting efficiency by use of a known calibration source standard and a linearity
response check. Therefore, in Equation 8-1 one may substitute S for Sy;, where S is the detector
counting efficiency determined from the calibration procedure. Therefore, Equation 8-1
becomes:

R=S I C ' O (8-2)

o - () ()
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where:

where:

The ECL for a given radionuclide must not be exceeded at the point of discharge to the
environment. When a mixture of radionuclides is present, 10 CFR 20 specifies that the
concentration (excluding dissolved and entrained noble gases) at the point of discharge
shall be limited as follows:

d.
Ldi <10 (8-3)
ECL,;
Ci = Activity concentration of radionuclide "i" determined to be present in the mixture at
the point of discharge to the environment (uCi/ml).
ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gas) in nCi/ml as specified in 10 CFR 20, Appendix B, Table 2.
The limit for the sum of all noble gases in the waste discharge is 2E-04 pCi/ml.
(See ODCM Appendix B for listing.)

The activity concentration of radionuclide "i" at the point of discharge is related to the activity
concentration of each radionuclide at the monitor as follows:

F
Cs = 'FE'(CJ’i + C.Bi)
d

(1<) - (mm) ()
ml /) . \ gpm ml
and with equivalence of C; = (Cy; + CB;), Equation 8-4 can be.\‘zvritten_ as

Fm

Cy = _F: G
Fmn = Flow rate past monitor (gpm)
Fes = Flow rate out of discharge tunnel (gpm)
Cg = Activity concentration of non gamma emitting radionuclide "i" in the mixture at the
monitor for which the monitor response is inefficient to detect (uCi/ml).
G = The activity concentration of each radionuclide "i" in the waste stream. This

includes both gamma and non gamma emitters, such as tritium.
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Substituting the right half of Equation 8-4 for C, in Equation 8-3, and solving for Fy/Fy, yields
the dilution factor needed to complete Equation 8-3:

F C,
Pl = F_d ) ‘T‘lOEeLi ~ | (8-5)
(0] (352
\egpm) \ml-.Ci
where: | ‘
ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gas) in pCi/ml as specified in 10 CFR 20, Appendix B, Table 2.
For noblé gases, a value of 2E-04 pnCi/ml is used for the limit of the sum of noble

gases in the waste stream.

If Fd/F is less than DFm,,,, then the tank may not be dlscharged until either Fq4 or F,, or both are
adjusted such that:

DF. < 4 | R T 85)

min -I‘T-
The maximum allowable discharge flow rate past the monitor can be found by setting Fy, to Fpax

and its equivalents, i.e:

Fa
DFmin

Frmax =
ot

Usually Fo/Fr, is greater than DFmin (i.e., there is more dilution than necessary to cdmply with
Equation 8-3), but must be satisfied since the monitor can only detect the gamma emitting
portion of the waste stream. The response of the llquld waste test tank monitor at the setpoint is

therefore:

Fa
setpoin! = _X C
Recpon = 11 X £ DFom Si2 Cy,

@) O O (e -6

pnCi ml
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or with F, substituted into Equation 8-6 for the maximum allowable discharge flow rate

[ Fq J, the setpoint equation can be stated also as:
DFmin

Rserpoim =fiX I;max X S,Z CY.

m

where fi is equal to the fraction of the total concentration of ECL at the discharge point to the
environment to be associated with the test tank effluent pathway, such that the sum of the
fractions of the five liquid discharge pathways is equal to or less than one

(fi + &+ 3+ 4+ f5 < 1). The five monitored liquid effluent pathways are derived from: (f;) the
Liquid Waste Test Tanks, (f2) the Turbine Building Sump, (f3) Steam Generator Blowdown, (f3)
Primary Component Coolmg, and (f5s) Water Treatment Liquid Effluent (the Condensate

Polishing System).

The monitoring system is designed to incorporate the detector efficiency, Sy, into its software.
This results in an automatic readout in pCi/ml or pCi/cc for the monitor response. Since the
conversion for changing cps to pCi/ml is inherently done by the system software, the monitor
response setpoint can be calculated in terms of the total waste test tank activity concentration in
pCi/ml determined by the laboratory analysis. Therefore, the setpoint calculation for the liquid
waste test tank is:

Fy

Ripoim = fi X m x X Cy (5-1)

) 00 (5

All liquid effluent pathway monitors are similar to the Liquid Waste Test Tank Monitor in
design and function as described above for ensuring the plant site’s effluent concentration
limits are not exceeded in combination with each other.

B.8-4 ODCM Rev. 28



L

8.2  Basis for the Plant Vent Wide Range Gas Monitor Setpoints

The setpoints of the plant vent wide range gas momtors ‘'must ensure that Part A Control C.7.1.1.a is not
exceeded. Part B, Sections 3.4 and 3.5 show that Equatlons 3-3 and 3-4 are acceptable methods for
determining compliance with that Part A Control. Which equation (i.e., dose to total body or skin) is
more limiting depends on the noble gas mixture. For the limiting setpoint case, the gas mixture
associated with the fuel gap activity at time of shutdown (UFSAR Table 15.7-20) indicates that the total .
body dose rate to the maximum offsite receptor is the limiting dose rate type. The derivations of
Equations 5-5 and 5-6 begin with the general equation for the response R of a radiation monitor:

'S, C, R | 8-7)
(cpm) = (cpn;;m’ ) (:;2;)
where
R = Response of the instrument (cpm)
Sg = Detector counting efﬁcnency for nob]e gas "i" (cpm/(1Ci/cm?))
Cni = Activity concentration of noble gas "i" in the mixture at the noble gas activity

monitor (uCi/em?)

Chmi, the actwnty concentration of noble gas "i" at the noble gas acthty monitor, may be expressed in
terms.of Q by dividing by F, the appropriate flow rate. In the case of the plant vent noble gas activity

monitors the appropriate flow rate is the plant vent flow rate.

Cu=0Q 3 (8-8)

(&) - () (&)

where:
(ia = The relative release rate of noble gas "i" identified or postulated to be in the
mixture.
F = Appropriate flow rate (cm®/sec)
Substituting the right half of Equation 8-8 into Equation 8-7 for Cp; yields:

28 Q (8-9)

e~ (=52 () ()
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As in the case before, for the liquid waste test tank monitor, the plant vent wide range gas

monitor
Sgcanb

establishes the detector counting efficiency by use of a calibration source. Therefore,
e substituted for Sy; in Equation 8-9, where Sg is the detector counting efficiency

~ determined from the calibration procedure. Therefore, Equation 8-9 becomes:

where:

R = S, —;ZQi (8-10)

) - (2557 (52) ()

The total body dose rate due to noble gases is determined with Equation 3-3a:

Dyey = 085 * Y (Q, * DFB)) (3-3a)

(

Dtb(e)
0.85
1E+06

8.5E-07

DFB;

mrem ) _ [ pCi-sec (,qu) mrem- m’
yr uCi-m’ sec pCi-yr

= Total body dose rate (mrem/yr)

= (1.0E+06) x (8.5E-07) (pCi-sec/pCi-m’)
= Number of pCi per pCi (pCi/nCi)

= [X/Q]7, maximum off-site average gamma atmospheric dispersion factor
(sec/m®) for primary vent stack releases

= The relative release rate of noble gas "i" identified or postulated to be in the
gas mix (pCi/sec).

= Total body dose factor (see Table B.1-10) (mrem-mslpCi-yr)
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A composite total body gamma dose factor, DFB, may be defined such that:

DFB, >.Q; = ».Q DFB, (8-11)

mrem - m’ (/.lCl) _ (pCl) mrem - m’
pCi-yr sec sec pCi-yr
Solving Equation 8-11 for DFB; yields:

> Q0FB,

DFB.=————
>Q

(5-7)

Part A Control C.7.1.1.a limits the dose rate to the total body from noble gases at any location at
or beyond the site boundary to 500 mrem/yr. By setting P,, equal to 500 mrem/yr and

substituting DFB, for DFB; in Equation 3-3, one may solve for}, Qi at the limiting whole body

noble gas dose rate:

. H 1 ".' . S
> Q 588 OF (8-12)

()
sec

Substituting this result for ¥ Q, in Equation 8-10 yields Ry, the response of the monitor ét the

(mrem-yCi-m’) | ( pCityr )

yr-pCi -sec mrém-m’

limiting noble gas total body dose rate:

1 1
F DFB,

(cpm) = mrem- #Ci-m?) (cpm-cm?® ( sec ) ( pCi-yr )
yr-pCi -sec uCi cm’ /] \mrem-m’

R, = 588 S, (8-13)
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The skin dose rate due to noble gases is determined with Equation 3-4a:
I')skin(e) = Z (Qu * DFi(e))

-2 (D) (s

yr sec MCi-yr
where:
Diiney = Skin dose rate (mrem/yr)
Q, =  Asdefined above.

DF'; ,= Combined skin dose factor (see Table B.1-10) (mrem-sec/pCi-yr)

A composite combined skin dose factor, DF, may be defined such that:

DF’c * ZQ' =Z (Q| * DF’i(c))

mrem - sec ( ,uCiJ ( ,uCi) mrem - sec
HCi-yr sec sec uCi-yr

Solving Equation 8-14 for DF", yields:

ZQiDF'i (e)
DF, = -

(¢}

B.8-8
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Part A Control C.7.1.1.a limits the dose rate to the skin from noble gases at any location at or
beyond the site boundary to 3,000 mrem/yr. ‘By settmg Dainequal to 3,000 mrem/yr and

substituting DF’. for DF'; in Equation 3-4 one may solve for 3. Q, at the limiting skin noble gas

- dose rate:

i c

(ﬂ) mrem ( ,uCi-yr)
~\sec) |\ .yr J\mrem-sec

Substituting this result for 3 Q,. 0in Equation 8-10 yields Reia, the response of the moniior at the limiting

YQ = 3000 = - | | (8-15)

f B

noble gas skin dose rate:

R, = 3,000 S, 1 1
F DF,
(cpm) [ mwem) (cpm: cm’ ( sec ) ( 4Ci-yr ) (8-16)
P yr uCi cm® ) \mrem-sec

As with the liquid monitoring system, the gaseous monitoring system is also designed to
incorporate the detector efficiency, Sg, into its software. The monitor also converts the response
output to a release rate (nCi/sec) by using a real time stack flow rate measurement input.
Therefore, multiplying by the main plant vent flow rate measurement (F), the Equations 8-13 and
8-16 become:

Ry = 588 B}:—B- (5-5)

(pCi =(mrem-pCi-m3 pCi-yr

sec yr-pCi-sec ~ mrem-m®

R, = 3000 —. (5-6)
sldn(e) ? DF' .
Ci mrem Ci-yr

(=)= el e LIS

mrem-Ssec

These equations assume that the main plant vent is the only release point contributing to the
determination of limiting offsite dose rate. The Control dose rate limits (500 mrem/yr and
3000 mrem/yr for total body and skin, respectively) apply to combination of all release points to
the limiting offsite receptor. Administrative fractions (f) should be applied to main plant vent
setpoint calculation as a multiplier, and any other release points, such that the summation of all
fractions is less than or equal to 1. This provides for the combined impact of all release points
to ensure that selected setpoints alarm at or before the site dose rate limits is exceeded.
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Basis for PCCW Head Tank Rate-of-Change Alarm Setpoint

The PCCW head tank rate-of-change alarm will work in conjunction with the PCCW radiation
monitor to alert the operator in the Main Control Room of a leak to the Service Water System
from the PCCW System. For the rate-of-change alarm, a setpoint based on detection of an
activity level of 10 pCi/cc in the discharge of the Service Water System has been selected. This
activity level was chosen because it is the minimum detectable level of a service water monitor if
such a monitor were installed. The use of rate-of-change alarm with information obtained from
the liquid sampling and analysis commitments described in Table A.6.1-1 of Part A ensure that
potential releases from the Service Water System are known. Sampling and analysis
requirements for the Service Water System extend over various operating ranges with increased
sampling and analysis at times when leakage from the PCCW to the service water is occurring
and/or the activity level in the PCCW is high.
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where:

Basis for Waste Gas Processing System Monitors (RM-6504 and RM-6503)

The maximum allowable setpoint for the waste gas system monitors (response in pCi/cm®) can
be determined by equating the limiting off-site noble gas dose rate from the plant vent to the total
body or skin dose rate limits of Part A Control C.7.1.1.a, assuming that all the activity detected
by the vent wide-range gas monitors is due to waste gas system discharges.

By evaluating the noble gas radionuclide with the most limiting dose factor as given on .

Table B.1-10, a conservative activity release rate from the plant vent for both whole body and
skin dose rate conditions can be calculated. From Table B.1-10, Kr-89 is seen to be the most
restrictive individual noble gas if it were present in the effluent discharge. Applying plant vent
setpoint equation 5-5 for the whole body, and equation 5-6 for the skin, the maximum allowable
plant vent stack release rate can be calculated as follows: '

Ry

I

5838 1/DFB. . - - (5-5)

Ry, =  plant vent maximum release rate (1Ci/sec) based on the whole body does rate limit
of 500 mrem/yr

DFB, = 1.66E-02 (mrem-m3/pCi-yr), whole body dose factor for Kr-89

588 =  conversion factor (mre_m~p(;‘i-m_3/yr-pCi-sec)

Therefore:

Rp = 588 1/1.66E-02

35,421 pCi/sec maximum release rate at plant vent

Next, the skin dose rate limit is evaluated from equation 5-6 in a similar fashion as follows:

where:

Rukin =~ = 3000 I/DF; * - ' (5-6)
Rkin = plant venf maximum release ra‘xté‘ (pCi/séc) baséd on skin dose
. rate 11m1t of 3000 mrem/yr
DF‘c = 2.45E-02 mrem-sec/pr-yr skm dose factor for Kr-89
3000 = Site boundary skin dose rate 1§mi;'(;;iren1/yr) |
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therefore:

Rekin = 3000 (mrem/yr) 1/2.45E-02(mrem-sec/uCi-yr)

122,449 nCi/sec from the plant vent

Comparing the release rate limit for the whole body to that for the skin (i.e., 35,421 uCi/sec vs
122,449 pCi/sec, respectively) it is determined that the release rate for the whole body is

limiting.

Next, to get the maximum plant vent release rate from the waste gas system discharge, equate the
- plant vent maximum release rate limit for the whole body equal to the waste gas system activity
concentration times its flow rate to the plant vent, i.e.:

Ry = 35,421(uCi/sec) = ng(pCi/cm3) ng(cm3/sec)

or solving for Ryyg:

ng(pCi/ch) = 35,421 (nCifsec) / ng(cm:’/sec)

where:
Rwg = maximum concentration (setpoint limit) at the waste gas system monitors
Fwg = waste gas design flow of 566.4 cm®/sec (1.2 cfm)

therefore:

Rug(uCilem®) =  35421(uCilsec) / 566.4(cm’/sec)

62.5 pCi/cm?

This represents the maximum waste gas discharge concentration which would equal the site
boundary whole body dose rate limit for plant vent releases. Administrative controls may set
alert alarm and high alarm (waste gas isolation) setpoints on the waste gas monitors as some
multiple of expected activity concentration, such as 1.5 and 2 times, respectively, as long as the
maximum setpoint does not exceed 62.5 nCi/cm’. This provides operational controls to be
exercised before any waste gas discharges could equate to the Part A Control C.7.1.1.a.

The primary process monitor noted in Part A Control C.5.2 is RM-6504, which is downstream of
the waste gas discharge compressor at the end of the process system. Monitor RM-6503 is on the
inlet side of the compressor downstream of the charcoal delay beds, and is considered as an
alternate monitor if RM-6504 is inoperable. For the purpose of setting the maximum discharge
setpoint, RM-6503 is treated the same as RM-6504, which assumes no additional source
reduction before discharge to the plant vent.

B.8-12 ODCM Rev. 28



8.5

8.5.1

where:

Basis for the Main Condenser Air Evacuation Monitor Setpoint (RM-6505)

The maximum allowable setpoint for the main condenser air evacuation monitor must be
evaluated for two modes of operation. For normal operations the monitor is responding to a low -
flow rate that is typically released through the plant vent stack. During start-up (hogging mode),
the monitor response must be related to a high flow rate that is being released from the turbine
building which is considered a ground level release. In both instances, the setpoint can be
determined by equating the limiting off-site noble gas dose rate from the release point to the total
body or skin dose rates of Part A Control C.7.1.1.a. The most restrictive noble gas mixture has
been found to be represented by the noble gases associated with the fuel gap activity at the time
of plant shutdown. This mixture is listed on UFSAR Table 15.7-20, and provides a limiting
setpoint calculation that bounds other potential or observed offgas mix conditions.

In addition to monitoring the main condenser air, the air evacuation monitor response is also used
as an indicator for Turbine Gland Seal Condenser exhaust. Since this is a potent1a1 release
pathway during both the normal and the hogging modes of operation, the 1mpact is considered in
the setpoint calculations.

Limiting Example for the Air Evacuation Monitor Setpoint During Normal Operations -

During normal power operatlon the maximum allowable setpomt for the air evacuation monitor
is determined by applying plant vent setpoint equation 8-13 for the total body, and equation 8-16
for the skin. Therefore, the maximum allowable stack release rate can be calculated as follows:

Ruve)

(cpm)

Rive)

588

DFB.

DFB.

(588) (Sp) (1/F) (I/DFBy) .~ " =+ - (8-13)

(mrem-pCi-m*/yr-pCi-sec) (cpm-cm*/pCi) (see/cm3)(pCi-yr/mrem-m3)

= count rate (cp;n) for the plenf yerit:me)éimum release rate based on the iofal i‘)'qdy -
dose rate limit of 500-mrem/yr

= conversion factor (mrem-pCi-m3/yr-pCi-sec)

= the detector response efﬁcxency (cprn cm3/p.C1) as detérmined from momtor '
calibration. For the air evacuatlon monitor, a typlcal value is '
1.87E+08 cpm-cm /pCl

= .release flow rate Durmg normal 0perat10ns, a typical ﬂow value ranges from 10 to
... 50 cfm (2. 36E+04 cc/sec max1mum) for the air evacuatlon pathway

% 'the composité total body dose factor, (mrem-m /pCl-yr) For dlfferent gas mixes,

the composite can be found from:
= $QDFB0/XQ (5-7)

DFB, for the limiting gas mixture is 4.86E-03 mrem-m’/pCi-yr (See Section 5.2.1.2)
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Therefore,
Ry = 588 1.87E+08 (1/2.36E+04) (1/4.86E-03)

9.59E+08 cpm detector count rate for a maximum release rate at the plant vent based
on the total body dose rate.

Next, the off-site skin dose rate limit is evaluated from equation 8-16 in a similar fashion as

follows:
Rskiney = 3000 Sg (1/F) (1/DF') (8-16)
(cpm) = (mrem/yr) (cpm-cm>/Ci) (sec/cm®) (nCi-yr/mrem-sec)
where:
Rskineg = count rate (cpm) for a plant vent maximum release rate based on the skin dose rate
limit of 3000 mrem/yr
DF'. = the elevated release skin dose factor for the limiting noble gas mix associated with fuel
gap activity at shutdown is calculated in the example provided in Section 5.2.1.2, and
is equal to 6.80E-03 (mrem-sec/puCi-yr).
Therefore,

Rexiny = 3000 1.87E+08 (1/2.36E+04) (1/6.80E-03)

= 3.50E+09 cpm detector count rate for a maximum release rate at the plant vent based
on the skin dose rate.

Comparing the release rate limit for the total body to that of the skin (i.e., 9.59E+08 cpm versus
3.50E+09 cpm, respectively) it is determined that the release rate for the total body is limiting in this

case.

Since during normal operations the Turbine Gland Seal Condenser exhaust has the potential to be a
minor additional contribution to the total site release, the effective contribution from the main condenser
exhaust must be limited to some fraction of the calculated value. The contribution from the Turbine
Gland Seal Condenser exhaust is expected to be minor because this system handles only 670 Ibs/hour of
steam which is a very small fraction of the 1.5E+07 Ibs/hour of secondary side steam that the main
condenser handles. Therefore, the maximum alarm is set at 6.71E+08 cpm, which is 70% of the
calculated value, to ensure that the contribution of the two does not exceed the dose rate limit of Part A
Control C.7.1.1.a. During normal operations, this would represent the maximum allowable count rate on
the air evacuation monitor that would equate to the site boundary total body dose rate limit or less.
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8.5.2 Example for tht_: Air Evacuation Monitor Setpoint Duﬁngﬁtartup y (Hogeing Mode) '

During startup (hogging mode), the determination of the air evacuation setpoint must take into
account a larger air flow rate that is also released as a ground level effluent. The flow rate must
also include the contribution from the Turbine Gland Seal Condenser exhaust, which is a
potential release pathway which the air evacuation monitor response must also take into account.
For ground releases, the general equation 8-10 is used to represent the monitor count rate.

R = (Sp(I/F) ;Qi | (8-10)

(cpm)= (cpm-cm*/pCi) (sec/cm’) (1Ci/sec)

where:
R = detector count rate (cpm)
ez = thedetector efficiency (cpm-cm*/uCi)
F = release flow rate (cm’/sec)
Qi = the release rate of noble gas "i" in the mixture, for each noble gas listed in

Table B.1-10.

For a ground release, the off-site total body dose rate is based on:

lbtb(g)=3-4§(Q,DFB;) e (3-3b)

A composite total body dose factor, DFI"3c can be defined such that:

DFB. £Q, = T@DFBY v (811)
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By substituting 8-11 into 3-3b and rearranging to solve for 3 Q, the following equation is

obtained:

ZQ = (Dwe/34) (/DFB.)
By inserting a limiting value of 500 mrem/yr as [),,, this simplifies to:

¥Q, = 147 (I/DFB.)

Insertion of this equation into equation 8-10 yields:

Rug = 147 Sy (1/F)(1/DFB.)

I

(cpm) (mrem-pCi-m*/yr-pCi-sec) (cpm-cm®/uCi) (sec/cm®) (pCi-yr/mrem-m?)
where:

R = count rate (cpm) for the maximum ground release rate based on the total body dose rate

limit of 500 mrem/yr.
147 = conversion factor (mrem-pCi-m*/yr-pCi-sec)
S; = the detector response efficiency for the air evacuation monitor (a typical value of

1.87E+08 cpm-cm’/uCi is applied in this example).

F = release flow rate. During the hogging mode of operation, a value of
4.72E+06 cm’/sec (10,000 cfim) is assumed. This represents the hogging flow that is
discharged to the Turbine Building roof via the air evacuation monitor. An additional
1800 cfm is discharged from the Gland Seal Condenser exhaust directly to the
Turbine Building roof without passing via the air evacuation monitor. To account for
this unmonitored flow, an administrative fraction (fyana) is applied to the setpoint
calculation to ensure that the monitor would alarm before the dose rate limit for the
combined release would be exceeded. One approach for determining a conservative
fraction is to assume that the radioactivity concentration in the gland seal exhaust is
equal to the main condenser offgas, even though the steam flow to the gland seal
system is a very small fraction of the steam flow to the main condenser. Then the
ratio of the Gland Seal Condenser exhaust flow to the total flow of hogging discharge
and gland seal condenser provides for the relative flow of both sources. For the stated
conditions, the unmonitored flow is about 15 % of the total (as additional
conservatism, this could be doubled to 30% for the relative proportion assumed to be
contributed by the unmonitored pathway). Therefore, fy12,9 = 1-0.3, or 0.7 as the
fraction applied to the air evacuation monitor setpoint. An additional fraction (fg) is
also applied to account for the potential offsite dose rate contribution from this total
ground source vs the plant main vent (f; < 1 ~ ;). The split for this illustration is set
at 0.3 for ground sources and 0.7 for the plant vent.
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DFBc = Composite total body dose factor which weights the combination of total body dose
factors (from ODCM Table B.1-10) of each radionuclide assumed to be in the gas
mix in accordance with the fraction that it makes up of the total release. For the
limiting noble gas mix associated with fuel gap activity at shutdown (see example
calculation provrded in Sectxon 5 2.1.2), the value is equal to
4.86E-03 (mrem-m /pCl-yr) '

In addition, two administrative fractions are applled to the general calculation to account for
other release contributions to the site dose that do not go by the air evacuation monitor. The first
(fg)is the fraction of the site boundary total body dose rate limit to be administratively assigned
to monitored ground level releases (for this illustration = 0.3) such that the combination of the
plant vent fraction (f, ) and ground fraction (fg) is less than or equal to 1 (f; < 1—1£,). The second
release reduction factor (fgana ) is administratively assigned to account for potential unmonitored
contributions from the Turbine Gland Seal Condenser exhaust (for this illustration = 0. 7) which
discharges to the Turbine Bulldmg roof without going past the air evacuation monitor

Therefore:

(147) (1.8TE+08) (1/4.72E+06) (1/4.86E-03) (0.3) (0.7)

1

Riv(g)

2.52E+05 cpm detector courit rate Afo'rajma')lcimum ground release rate based on the
total body dose rate.

Next, the off-site skin dose rate limit for a ground release is evaluated from equatlon 3- 4b ina
similar fashion as follows:

Dskin(g) Z(Q D |(g)) . (3-4b)

]

A composite skin dose factor, DF'¢(;) can be defined such that:
Z(QDE@) (8-17)
i 1

By substituting 8-17 into 3-4b and rearranging to solve for ZQ, the following equation is

]

DF'C(g) Z Qi

obtained:
Z':Q. = Dskin(g) (l/DF:(s))

By inserting a limiting value of 3000 mrem/yr as l'),,d,,(g) this simplifies to:

>Q 3000 (1/DF'¢(g))

Insertion of this equation into equation 8-10 yields:

C. " Rein = 3000S; (/F) (I/DFe)
(cpm) = (mrem/yr) (cpm-cm’/uCi) (sec/cm?) (uCi-yr/mrem-sec)
B.8-17. ODCM Rev. 28



where:

Rikin(g) =  Count rate (cpm) for the maximum ground release rate based on the skin
dose rate limit of 3000 mrem/yr.

DF'¢(g) = The composite ground release skin dose factors which weights the
combination of the combined skin dose factors (from ODCM
Table B.1-10) of each radionuclide assumed to be in the gas mix in
accordance with the fraction that it makes up of the total release. For the
limiting noble gas mix associated with fuel gap activity at shutdown (see
example calculation provided in Section 5.2.1.2), the value is equal to
6.80E-03 (mrem-sec/pCi-yr)..

~ As with the whole body dose rate above, the same two administrative fractlons fg
and fi1ana are also applied to the skin dose rate response.

Therefore:
Rxincg) = (3000) (1.87E+03) (1/4.72E+06) (1/6.80E-03) (0.3) (0.7)

3.67E+06 cpm detector count rate for a maximum ground release rate based
on the skin dose rate.

Comparing the release rate limit for the total body to that of the skin (i.e., 2.52E+05 cpm versus
3.67E+06 cpm, respectively) it is determined that the release rate for the total body is limiting in

this case.
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APPENDIX A :
METHOD I DOSE CONVERSION FACTORS

L LIQUID PATHWAYS - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting from effluents into liquids is derived from Appendix A of
Reg. Guide 1.109. Since Seabrook is a salt water site, the assumed pathways of exposure taken from
Reg Guide 1.109 are Aquatic foods - fish; Aquatic foods -invertebrates; and dose from shoreline
deposits (direct dose). No drinking water or irrigation pathways exist because of the salt water
environment. In addition, exposures resulting from boating and swimming activities have been included
for key radionuclides even though Reg. Guide 1.109 identifies these pathways as not contributing any
significant contribution to the total dose, and therefore does not provide dose equations for them. For
completeness, the swimming and boating pathways have been included using the dose models from the
HERMES code (HEDL-TME-71-168, Dec. 1971) section G, Water Immersion.

The Method I dose conversion factors are derived by calculating the dose impact to individuals via the
site specific pathways for a unit activity release (1 curie per nuclide). For each pathway, doses by
radionuclide are calculated for each of the 7 organs (including whole body) for each of the four age
groups (adult, teen, child, and infant). The Method I dose factor for each nuclide is then selected by
taking the highest factor for any organ in any of the age groups for all the exposure pathways combined.
The list of dose factors in the ODCM then represents a combination of different limiting organs and age
groups which, when used to calculate a dose impact from a mix of radionuclides released in liquid
effluents, gives a conservative dose since it combines the exposure to different organs and age groups as

if there was a single critical organ-age group.

As an example of how the liquid dose conversion factors are developed, the following calculation for
Co-60 is shown. The critical organ/age group is selected based on the full assessment of all organs and

age groups.
Factor for fish Ingestion:

The general equation for ingestion doses in RG 1.109 is eq. A-3.
Us*M 5
] 119.7*—-‘}—"*"2 Q. *B; *D..-,;*_e" b

The full assessment for the ODCM dose factors indicated that for i = Co-60, the maximum
dose (mrem/yr) is to the GI-LLI of an adult as the target organ and age group, therefore:

Uy = 2] kg/yr adult usage factor for fish
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M, = 0.1 mixing ratio for near field dilution prqvided by submerged

multiport diffuser.

F = 918 cu. ft./sec effluent flow rate for circulating water system

Qi = 10 cunies/year released of Co-60 assumed

Bjp = 100 equilibrium bioaccumulation factor for Co-60 in salt water fish, in
liters/kg

Daipi = 4,02+%*10°  mrem/pCi. adult GI-LLI ingestion dose factor from

RG-1.109, table E-11.

A = 1.501*10° decay constant for Co-60 in 1/hrs.

198 = 24 time between release and ingestion, in hrs.

1119.7 is the factor to convert from Ci/yr per ft¥/sec to pCi/liter. Note

that RG 1.109 uses 1100 as a rounded approximation.

Therefore the dose from fish to adult GI-LLI is (mrem/yr):

*
1119.7*U'°FM°*Q, B, * Duyy * ™ = 0.0103

" Factor for invertebrate ingestion:

Next, the dose from invertebrates to the adult GI-LLI is given by the same general equation but
with the following variables changed:

Usgp = 5 kg/yr usage factor

1000 1/kg bioaccumulation factor

Bip
all other variables the same as above

therefore the dose from invertebrates is (mrem/yr):
1119.7+ Ye M’*Q By, * Dy * 4" = 0.0245

Factor for shoreline direct dose:

The general equation for direct dose from shoreline deposits is taken from equation A-7 in
RG-1.109 as (mrem/yr):
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M *W ‘
111970+ L M T 5 g v p et e i-e ]

It is assumed that all internal organ doses also receive exposure from direct external sources,
therefore each organ dose due to ingestion must have an external component added. For the
above equation, the site specific variables for an adult exposure to a 1 curie per year release of
Co-60 are:

Uap = 334 hrs/year usage factor used for assumed shoreline activities at
Seabrook.
M, = 0. mixing ratio for near field dilution provided by the submerged
multiport diffuser and assume to be extended to the beach
continuously.
W = 05 shorewidth factor for ocean sites, dimensionless
T = 1.923*10° radioactive half life in days for Co-60
Doipj = 1.70*10°% dose factor for Co-60 due to deposits in sediments, units of
(mrem/hr)/(pCi/m?)

to = 00 transit time to point of exposure, hrs

ty = 131400 period that sediment is assumed to be exposed to water
contamination for long term buildup, set at 15 years for
Method I DCF's

Qi = 1.0 curies per year, Co-60 assumed

111970 conversion factor to convert (Ci/yr)/(ft"'/sec) to pCi/liter and

account for the proportionality constant used in sediment
model

Therefore the dose to the whole body and each organ due to direct exposure to the shoreline

(mrem/yr) is:

* * W
111970* H’P——I‘If"——* Q*T* Dy * 0 * [1-]=0.0573
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Direct dose due to Swimming:

- The dose due to immersion in water (swimming) is taken from the HERMES computer code.

The original ODCM calculation was based on some preliminary dilution assumptions which gave
a near field prompt dilution factor for the multiport diffuser of 8. For single unit operation with

both service water and circulating water flow (412,000 gpm), a value of 10 is more realistic. This
surface aréa of the plume is restricted to a small area over the diffuser and does not touch the

shoreline approx 1 mile away Since the over all 1mpact from sw1mm1ng is small when

compared to the other exposure pathways the ongmal conservansm on dllutlon are kept here.

The dose from swimming is given by the following equation:

1.(’)*10‘2’*%‘1*2(2,.*DE,n

Where:
Up = 45
F, = 6.56*10"
Qi = 1.0
DFin = 4.6*10°
1.0*10"2

(mrem/yr)

hrs/yr, usage factor for swimming for maximum age group
(teen) from HERMES.

liters/yr, estimated annual dilution effluent flow in multiport
diffuser

Curies/yr, assumed release rate of nuclide i.

mremb-liters per hrs-pCi, dose factor for Co-60 for water
immersion taken from HERMES.

constant for pCi/Ci

Therefore the swimming dose for a 1 curie release of Co-60 is (mrem/yr):

1-0*10'2*Up*%—°*Qi*DFim=3-155*10's

As can be seen, the contribution of the swimming dose is only about one 30000ths of the total of the

'RG 1.109 pathways, and can be ignored in the case of Co-60. Similarly, the boating dose as given in
. HERMES is taken as half of the swimming dose, (and corrected for change in usage assumptions). The

resulting dose is found to be less than the swimming dose and can also therefore be discounted in this

case.
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Total liquid Pathway dose:

The sum of the above liquid pathway doses can now be added to give the total maximum
individual dose to the critical organ (adult-GI-LLI) for Co-60. This gives:

0.0103 + 0.0245 + 0.0573 = 0.0921 mrem/yr

Since the internal doses given by the RG-1.109 methods actually are 50 yr dose commitments
resulting from one year exposure to the quantity of activity assumed to be released into the water,
and the direct dose represents the dose received for the period assumed to be exposed to the
pathway, and the activity release was taken as a unit quantity (i.e. Q = 1 Ci), the above total
liquid pathway dose can be stated as site specific committed dose factor in mrem/Ci released.
For Method I in the ODCM, the critical organ dose factor is seen to be 0.0921 mrem/Ci, as
shown above. The value reported on Table B.1-11 (9.22 E-08 mrem/puCi) was generated by a
computational routine which gives rise to the round-off difference between it and the above
example. The whole body site specific dose factor for the ODCM was calculated in the same
way treating the whole body as a separate organ.
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I GASEOUS PATHWAYS SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resultmg from gaseous efﬂuents in the form of iodines, tritium, and
_particulates are derived from Appendix C of Reg. Guide 1.109. For Seabrook, it is assumed that at the
" off site location which exhibits minimum atmospheric dilution for plant releases the following exposure
pathways exist: inhalation, ground plane, ingestion of goats milk, meat, stored vegetables, and leafy
vegetables. o '

The Method I dose and dose rate factors are denved by calculating the dose impact to all age group
individuals via the site specific pathways for @ unit act1v1ty release (1 curie per nuchde) For each
pathway, doses by nuclide are calculated for each of 7 organs (mcludmg the whole body) for each of the
4 age groups. The Method I dose factor for each nuclide is then selected by takmg the hlghest factor for
any organ in any of the age groups for all exposure pathways combined. The list of dose factors in the
ODCM then represents a combination of different hmmng organs and age groups which, when used to
calculate the dose impact from a mix of radlonuchdes released into the atmosphere, glves a conservative
dose since it combines the exposure to different organs and age groups as if they were for all the same
critical organ-age group. - ‘ e '

As an example of how the gaseous particulate dose factors are developed, the following calculation for
Mn-54 is shown. The critical organ/age group for Mn-54 was selected based on a full assessment of all
organ and age group combinations. For elevated releases from the plant vent stack to the maximum site
boundary (max. dose pomt dué to meteorology) the cntlcal organ and age group for Mn-54 was
determined to be the GI-LLI for the adult A

PARTA: INHALATION DOSE CONTRIBUTION

The general equations for inhalation doses i;lﬂRG 1.109 are eq. C-3, and C-4 which together give:
| *1n4 * * X * *;.' —
317410 R 5 2.Qi*DFA;=D;

Where for the case of Mn-54 réleases; the variables above are defined as:

3.17*1 o* ~ is the number of pCi/Ci divided by the number of second per year
Ra := 8000 .- . the breathing rate for age group a (adults) inm’ fyr.
. | % ) ':; t7.5% 'lO’7 ‘ 'the long term average depleted atmosphenc dlspersmn factor, in

sec/m at the maximum exposure point off site (S.B.)

Q = 1 the release rate of nuclide i to the atmosphere in Ci/yr
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DFAj, == 9.67* 10¢  the inhalation dose factor for nuclide 1 (Mn-54), organ j (GI-LLI),
and age group a (adult) taken from RG 1.109, table E-7, in
mrem/pCi inhaled.

Therefore, the inhalation dose to the maximum potential off site individual is given as:

3.17*10**R, *[ —}Q-c-]*Qi*DFAij,=O.00184 mrem/yr per Ci

PARTB: GROUND PLANE DIRECT DOSE CONTRIBUTION

The general equations for ground plane external direct dose in RG 1.109 are equations C-1 and C-2
.which together give the dose DG as:

PR A8
8760*1.0*1012*SF*[%]*ZQ#I—;—_-*DFG;,-

Where for the case of Mn-54 releases, the variables in the above equation are defined as:
1.0*10" is the number of pCi per Ci

S, = 07 the shielding factor provided by residential structures
(dimensionless) for use in calculation accumulated doses over
time. Note that for determination of dose rate factors (ie.
instantaneous dose rates) the shielding factor is set equal to 1.0, or
in effect no credit for dose reduction is taken for determination of
dose rates at points in time.

-g— = 1.5*10%  the long term average relative deposition factor at the maximum
site boundary location, in 1/m?
Aj = 08105 is the radiological decay constant for Mn-54 (nuclide i in this
case) in 1/yr.
ty = 15 is the time in years over which accumulation is evaluated (approx.
midpoint of plant operating life)
DFG;:=  5.80*1 0? external dose factor to the whole body, or any internal
organ j, for standing on contaminated ground from
Mn-54 (RG 1.109 Table E-6) in mrem/hr per pCi/m*
QG = 10 is the unit release quantity assumed for each nuclide i, in Ci/yr.
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8760 is the number of hours in a year

Therefore, the contribution to the total dose Ihade by exposure to the ground plane at the maximum off
site exposure location for Mn-54 is given as:

’ /1-1 t )
8760%1.0%10'*; * [Q] Qe " *DFG,, 0658 mrem per yr per Ci
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PARTC: INGESTION DOSE CONTRIBUTION:

As an initial step to determining the dose contribution from ingestion of milk, meat, stored vegetables,
and leafy vegetables, we must first calculate the radionuclide concentration in forage, produce, and leafy
vegetables resulting from atmospheric tranfers of the activity to the surface of the vegetation and onto
-the soil for root uptake. For all radioiodines and particulate nuclides (except tritium and C-14), the
* concentration of nuclide i in and on the vegetation at a point of interest can be calculated using R.G.
1.109 equations C-5 and C-6, which combined gives:

1.14*10”[2 rQtre ke g Ly
Ql i

PART C.1: Concentration in Produce (stored vegetables)

For the case of Mn-54 released in air emissions to the maximum site boundary, the concentration of Mn
in produce grown in the hypothetical garden at that location can be calculated from the above equation

where the variables are defined as:

1.14*108 is the number of pCi per Ci divided by the number of hours in a
year (8760).
D_ 1.5*10°% is the relative deposition factor, in 1/m?, at the maximum exposure point off site
(S.B.)
Q =1 the release rate of nuclide i to the atmosphere in Ci/yr
r = 02 fra;:tion of deposited activity retained on crops, leafy vegetables,

or pasture grass (1.0 for iodines)

i = 0.00219 effective removal rate constant for Mn-54 from crops due to
decay and weathering, in hr-1

ty = 131400 soil exposure time to deposition, in (equal to 15 yrs, or mid plant
life) '

Yy = 20 agricultural productivity (yield) for produce, in kg/m-2

By = 29*107 concentration factor for uptake of Mn-54 from soil by edible parts

of crops in pCi/kg (wet weight) per pCi/kg dry soil
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Ai = 9.252*10° radioactive decay constant for Mn-54, in hrs-1

P = 240 effective surface density of soil, in kg/m®
th = 1440 ‘ crop. holdup time after harvest and before ingestion, in hrs
te = 1440 crop exposure time to plume, in hrs

Therefore, the concentration of Mn-54 in stored vegetables produced at the location of maximum
deposition for a unit activity release is given as:

1.14*10%* _I_)_ *Q.* r*ﬂ+3~ *l'_e.;.l:_ * -4i'n = 67379 ‘ ‘ . pCl/k
' Ql "L vram P4t ' *

PART C.2: Leafy Vegetable Concentration

For leafy vegetables the above equation is repeated w1th the value for th, crop holdup time after harvest
is changed from 1440 hrs to 24 hrs, 1.e.: : : : ‘

th = 24 crop holdup time after harvest, in hrs

Therefore the concentration of Mn-54 in leafy vegetables at the mammum deposmon pomt due to aunit
activity release is given as:

- A"t i h )
1.14*108*[g-]*Q,.*[rfl-e*—-,+13;_vfle—_]*¢-&i‘*-=76.8114 | - pCi/kg

PART C.3.a: Animal Feed concentration (pasture): Cp' .

Next, we can repeat the above calculation to determine the concentration of Mn-54 in pasture grass used
as animal feed. This will allow for the determination of dose contribution from milk and meat. '

For pasture grass, all the above variablés r\éiﬁaixi'thems'ar'ne except for:

Yy = 070 for agricultural productivity of pasture grasses, kg/m?
te = 720 for grass exposure time to plume, hrs
th =00 for holdup time after harvest
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Using these variables in the above equation gives the concentration in pasture grass as:

et aditte
]*Qi*[r*—"—l e~ '*'Biv*l © ]*e“‘.‘"=l79.227 pCikg

1.14*108*[
Yv* Ak P*

PART C.3.b: Animal Feed Concentration (stored feed): C;

For stored feed that would be given to goats, or meat animals, the average concentration would be
calculated by changing the following variables in the above calculation to:

Yy = 20 agricultural productivity for stored feed
te = 1440 feed crop exposure time to plume in hrs
tn, = 2160 feed crop holdup time after harvest, hrs

Putting these values back into the above equation gives the concentration in stored animal feed (goat and
meat animal) of Mn-54 for a unit activity release to the maximum exposure point.

oAt it
1.14*10‘*[%]*Q;*[r*——:{i; +By ']*e-h"~=63.037 pCike
v Ei i

PART C.3.c.: Concentration in Goat's Milk: Cp,

The Mn-54 concentration in milk is dependent on the amount and contamination level of the feed
consumed by the animal. The radionuclide concentration in milk is estimated from RG 1.109 general
equation C-10 as:

Fn *C,*Qp*e*™ = conc. in milk, pCiliter

where the variables are defined as:

| Fn = 25*107 average fraction of animal's daily intake of Mn-54 which appears
in each liter of milk, in days/liter
QG = 60 amount of feed consumed by a goat per day, in kg/day (50 kg/d
for meat)
te = 20 average transport time of activity from feed into milk and to

receptor, in days.
A-12 ODCM Rev. 21
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i = 222*10° decay constant of Mn-54, in days-1

In addition, the C, term for the concentratlon of a nuchde in the animal's feed is given from RG 1.109

general equation C-11 as:
Cv= fp*fs*Cp + [1'fp]* Cs+fp * [l'fs]*Cs

where the following equals:

f, = 05 fraction of the year that animals graze on pasturé -

fs = 10 A fractlon of dally feed that is pasture grass when the animal grazes
on pasture

G = . 179.227 " concentration of Mn:54 in pasture grass as calculated from above,
pCi/kg

C = 63.037 concentration of Mn-54 in stored feed asvcalculated from above,
in pC1/kg

Therefore, the concentration in the total animal's feed is es’umated to be:-

f,,*f,*c,,+[1 f,,]*c,+f,,*[1 f,]*c,-lzl 132pC1/kg

When thls value of 121.132 is put back into the above general equauon for nuclide concentration in
milk, we get:

[C, = 121132 pCikg ]
and

Fm*C *Qp*e*'r=0.181 . pCi/liter of Mn-54 in goats milk

PART C.3.d.: Concentration in Meat: C¢ RN

Similar to milk, the concentration of the nuclxde in ammal meat is calculated. RG 1.109 general equauon
C-12is given as: - ~

;Cf=Fr*C\;*Q;*e'1"" O

Here the variables are set as:

Fr :=. 80*10° fraction of animals daily intake of Mn-54 which appears in each
kg of flesh, in days/kg ' ‘
Qr = 500 animal's daily feed intake, in kg/day
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ts = 200 average time from slaughter to consumption, in days

121.132 concentration on Mn-54 in animal's feed, same as calculated
above for goat, in pCi’kg

Cv

Therefore, the concentration of Mn-54 in animal meat is calculated to be:

Fr*C, *Qp*e®™=4.635 pCi/kg in meat for Mn-54
PARTD: DOSE FROM INGESTION OF FOODS PRODUCED AT MAXIMUM LOCATION

Now that we have calculated the concentration of Mn-54 in milk, meat, leafy vegetables, and stored
vegetables produced at a location of maximum air deposition, the resulting dose to any organ j and age
group a can be calculated from the following general equation C-13 taken from RG 1.109:

ZDFIija*[Uva*fg*Cv'*'Um*Cm'*'UFa*Cf'*'Uu*fl*CL]

For Mn-54 set equal to i, we find that from the evaluation of all organs for all age groups for
combination of all exposure pathways, the adults GI-LLI is the critical age group/organ. Therefore, the
variables in the above dose equation can be defined as:

DFIj, = 1.40*10° ingestion dose factor for adults/GI-LLI for Mn-54, in mrem/pCi
ingested (RG 1.109, Table E-11)

Uva = 520.0 vegetable ingestion rates for adults, kg/yr

fs = 076 fraction of stored vegetables grown in the garden

fi = 10 of leafy vegetables grown in the garden

Uma = 310.0 milk ingestion rate for adults, liter/yr

Ura = 110.0 meat ingestion rate for adults, kg/yr

ULa = 640 leafy vegetable ingestion rate for adults, kg/yr

Cv = 67.379 concentration of Mn-54 in stored vegetables, in pCi/kg (from
above)

Cn = 0.181 concentration of Mn-54 in milk, in pCi/liter (from above)

Cr = 4.635 concentration of Mn-54 in meat, in pCi/kg (from above)

A-14 ODCM Rev. 21



CL = 76.811 concentration of Mn-54 in leafy vegetables, in pCi/kg (from
above)

The dose from the combination of ingestion pathways for this example is calculated by substituting the
above listed variables back into the ingestion dose equation: '

DFLis * [Una * £, * Cy # Ua * G + Ura * C + U * £1* C1 | = 0.4495 mrem-fyr per Ci

By breaking the above dose equation down into the different pathways which combine to give the total
ingestion dose, we can see the individual dose contribution made by each exposure pathway.

Therefore, we have:

Dose for ingestion DFljja *Uva *f; *Cy = 0.373
of stored vegetables

Dose for ingestion DFlj, *Upa *C = 7.855*107°
of goat's milk

Dose for ingestion DFljja *Ura *Cs=0.00714

of meat

Dose for ingestion DFljja *ULa *f) *CL = 0.0688
of leafy vegetables

PARTE: TOTAL DOSE FROM ALL EXPOSURE PATHWAYS

The total dose from all exposure pathways assumed to be present at the maximum receptor location can
be found by simply adding the individual pathway doses calculated above. Since all the. calculations
above assumed a unit activity release from the plant vent stack, the combined dose can be stated as dose
factor per unit activity released. This then demonstrates the development of the Seabrook ODCM
Method I dose factors for gaseous release of particulates from the vent stack.

Inhalation dose (Part A) 000184 mrem/yr per Ci
Ground plane dose (Part B) 0.658 mrem/yr per Ci
Ingestion dose total (Part D) 0.449 mrem/yr per Ci
Total dose all pathways - 1.11 mrem/yr per Ci
(critical organ is GI-LLI

qf an adult for Mn-54)
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APPENDIXB

ANNUAL AVERAGE EFFLUENT CONCENTRATION LIMITS
TAKEN FROM

10 CFR 20, APPENDIX B
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App.B . .
PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION
- Table 1 Table 2. Table 3 ) .
Occupational values Effluent Releases to o, )
- . Concentrations Sewers
Col. 1 Col. Col, Col. 1 Col. 2 -
. Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuclide Class ALl K Alr Concentration
No. [{T3}] (uCi) (uCi/m1) ~ (uCi/m1) (vc1/-1) {pci/m1)
1 Hydrogen=1 water, DAC fncludes skin . ' )
absorption 8E+4 BE+4 2E-5 1€-7 1€-3 1E-2
Gas (HT er T,)Sub-ersionl: Use above values as HT and T, oxidize in air and in the body to HTO.
4 Beryllium-7 W, all compounds except L1242 ] 2E+4 9E-6 3-8 6E-4 §E-3
. . those given for ¥ = . :
Y, oxlou. hnides. lnd
nitn es - 2E44 7 BE-6 3-8 - -
’ feryllfum-10 W, see “Be 1E+3 2602 6E-8 - 26-10 - -
. . LLY wal) - .
- 7 (1£+3) - - .- 265 24
Y, see ‘Be - 1E+1 " 6E-9 26-11 - -
s Carbon-122 Honax{de - 16+6 5€-4 26 - -
. . Dioxide - _6E*S 3E-4. © 9E=7 | - - .
Corpounds _4EeS 4E+5 ° 2t-4 6E-7 . €E€-3 6E-2
6 Carbon-14 Monoxide - - 2646 764 268 - - .
Dioxide” .. 2E+5 9E-5 3E-7 - -
] Compounds. 2E+3 2E+3 1£-6 3E-9 - 3E-S -4
9 Fluorine-182 D, Muorides of M, U1, -
. Na, X, RS, Cs, and Fr Sl TE+4 3IE-S 1£-7 - -
. : St wall . .
© (SE+4) - - - 7E-4 7E-3
W, fluorides of Be, Mg, . :
- Cs, Sr, Bay Ra, AY; Ga,
‘In, T1, As, Sb, Bi, Fe,
Ry, 0s, Co, Ni, Pd, Pt,
- .Cu, Ag, Au, 2n, Cd, Hg,
Sc, ¥, Ti, Ir, ¥, MO, : -
Ta, Mn, Tc, and Re - 9E+4 4E-5 - 1£-7 - - .
Y, lanthanum fluoride . BE+4 IS - WT - - . {
11 Sodium-22 D, all compounds : 4E+2 6E+2 3E-7 9E=10 6E-6 6E-S
11. Sodium-24 0, a!l toqwundl 4E+3 SE+3 2E-8 7€-9 SE-5 SE-4
12 Magnesivm-28 D, all compounds uupt. ' ’
L : those given for W TE2 2E+3 7€-7 2E-9 9€-6 9€-S
W, oxfdes, hydroxfides, .
r.arbides. halides, and . .
nitrltts - 1£+3 SE-7 26-9 - -
13 Alminum-26 D, aN co-pcunds except : .
. " these given for W aEe2 6Es1 3-8 SE-11  BE-6  GE-S
. M, oxides,: hydroxides.' . -
urbluu. hllldu. and : . s
nitrates . - 9E+l 4E-8 ;E'}O - -
14 Silicon=31 ' p, al) :é-poundx uupt. '
those given for W and Y 9E+3 3644 1E-S 4E-8 . 1E-4 1€-3
W, oxides, hydroxides,
v - carbides, and nitrates - 3E4 1E~5 SE-8 - -
" ¥, aluminosilicate glass - 3Ee4 1E-5 4E-8 - -
" Si1con-32 0, see g4 C 2603 - 2Ee2 -7 10 S -
: . LLI wat) . . . .
. (3E43) - - - 4E-% A€-4
v, see 3151 - 142 SE-8 2£-10 - -
. Y, see Sl - SE+0 2E-9 7€-12 - -
15 Phosphorus=32 D, all :o-pounds elcept : :
: phosphaut given for ¥ 6€+2 9Ee2 4E-7 1E-9 ] SE-6 9¢-5
vs phosphnes of Zn:‘.
s3* Ft, 81, :
_ and lﬁmnim' - aEe2 26-7 SE110 - -
15 Phosphorus=33 0, see Jgp 6Ee3 BE*) _4E-6 16-8 8E-=S BE-4
- \l. see - € 1£-6 4E-9 - -
\
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Y, Sr'HO,

B-3

v C Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
[ Concentrations Sewers
- €e). 1 .fol.:2 €1. 3 Col. 1 Cod 2 .
Oral- : Honthly
N Ingestion lnm)ation ‘Average
. Atomic Radionucndc Class - ALl . . er Concentration
No. .. . R ("} I (uCt) - - (pCi/ml) (uCUll) (uClIlI) -(uCi/ul) -
16 Sulfur-35 Vapor i ) RS | 12 I 6E<6 * 2e-8 - -
D, sulfides and sulfates . . T .
except those given for W 16«4 2t 7t-6 2t-8 - -
ittwalt . ¢ ) :
(8Es3) - < - 1E-4 13
¥, elesental 'sulfur, - = 6E¢3 .
“  sulfides of Sr, Ba, Ge, .
Sn, n:, As. b, 81, :u.
~ Agi Ay, 2n, Cd, Hg, ¥ .o
Mo. Sulfates of Ca, sr. . . . -
Ba, Ra,.As, Sb, and Bl CRERER 97 3E-9 - .-
17 “Chlorine-35 i éNlorides of H, Li, : ‘ A
- o Ko R, °Cs, and Fr 263 2603 E-6 3E-3 2E-5 2E-4
w, :Mor{du of linm- ’ ' ) )
nidu .Be,"Mg, Ca, Sr,
Ba, Ra, Al, G4, In, T, X
o N, 'b. M. Sb. “.
« .Fe, Ru, Os,.Co, th, Ir,
Ni Md, Pt, cl'. Mn Au,
n, €4, by, sc. Y,. T, .
Ir, W1, ¥V, & Tl, cr, .o - . . -
. L Mo, W, ', Te, and Re CRE & JERENAN 2 3-10 - -,
17 chlorine-382 D, see 3“ci t - 2Ea apes S 6E8 - - ’
R . St.wall . - .
L 16 3¢e4) - - - L1 3Y 36-3
’ B Wisee TO0) T > 28-S 6E-8 - - -
17 Chlorine-35% D, see 301 N ) ) 65" -8, - . -
Do . St.wall - . _—
" ) - .-, e 5E-4 5E-3
] W, see 7°C1 ° ‘- . 6E+4 2E-5 8E-8 - -
18 Argon3? Submersion! .-, T 1B 6Ed- - -
18 Argond9 Submersfon! -, - %4 @7 - - -
1 Argonal Submers fonl S - .- € s - -
Potassium-40 D, aNl co-pomes" 302 .. aEe2 €7 6610 4B az-s
197 Potasstum-42 0, aNn euuum SEe3 S5Ee3 266 79 6ES sw
19 Potassim-4d D, 811 compounds . €Ee3 SEed ME-6 - 1E-8 SE-S 9E~4
19 Potassiue-842 ° D, aVi compounds gsu " 7E44 3E-5 9£-B - .
S - . ’ t. wa - . L
] . AAE) - - - Se-4 . 5E-3
.19 Potassium-452 D, 211 compounds . gzw 1Ess * SE-$ k-7 - -
: - ‘ t. wall -
LT o sEd) - - - 7E-4 7E-3
20 LCalciu-a1. ‘W, 1) cospounds . - 3E#) 4Ee3 7 266 - - -
R . ) Sone surf Bone surf. - e
’ (4E+3) 4Ee3) | - SE-9 6E-5 654
20 talcimas ¥, all cospounds €43 (124 4E-7 1£-9 2%-5 2644
2 ;ali:iu-—ﬂ ¥, all compounds 8Ee2 9Ee2 ae- 1E-8 -5 . 3E-4 L
21 “Scandium-43 1,211 compounds 7643 2644 9€-§ 3-8 16-4 -3 -
21 - Scandiur-éda Y, a1l compounds . SEe2 TE+2 -7 1E-9 7€-6 76-5
21 Scandium-44 ¥, a1l compounds’ 4y 1E+4 SE-6 26-8 SE-S se-4
21 Scandiun-4§ Y, al} cn-;oum? 92 " 2642 1E-7 3€-10 . 15 . 1:-}'
121 Scandive-47- Y, al) compounds . "33 1.6 4E9 - -
N w3 A
] : (383) - - - 4E-5 AE-4
‘a Scandium-48 Y, 811 -compounds BEe3 143 6€-7 28~ 1€-5 -4
21 Scandiue-492 Y, a1l compounds -2EHh SEed 2€-5 BE-B - 3E~4- 363
22 Titanium-44 D. a)1 compounds’ except ’ L :
those nlmour ¥ and Y 3602 ©1EeY - SE~9 2£-11 4€-€ 4E-5
) W, oxides, hydroxidu.
carbidu. Mlldu. and
nitratas ) - IE01 1€-8 AE-13 -~ -
- 6E+0 26-9 et~ - -
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App- B PART 20 ‘STANDARDS FOR PROTECTION-AGAINST RADIATION: Pp- B
. - !.‘ - . . - e . ) . .'- - . . . -
Table 1 - Table 2 - Table 3
Dccupational) Values . Effluent Releases to
. L Concentrations Sewers -
Col. 1 -Col. 2. Cel.3 Colul Col 2 -
Oral - A . : Monthly.
. : : Ingestion Inhalation Average
Atosic Radfomnuclide Class ALl L Afr Water Concentration
No. . SR (weh TuCi)  (uCi/m1) (uC1/m1)  (uCi/ml) (uCi/ml)
22 Ttaniwe-15 0, see QTH €3 364 ‘165 3-8 14 1E-3
. W, see o T . AEet- 1E-5 58, - - -
Y, see 1§ - © JE+4 . 1e-S ] 4€-8 - -
23 Vanadhu-ﬂz 0, all cospounds except . '
- those given for ¥ = . JEe4 ° BE+4 3E-5 T E-? - . -
. : . - St. wall . .
: (3£+4) - - T - 4E-4 | 4E-]
¥, oxides, hydroxides, ' e .
carbides; and halides’ - 1€+5 4E-5 ) 1E-.1 - -
2 Vanadiun-48 0, see 47V 6642 1643 sg-7 " 2€-9. 966 9€-5
‘v, see v Ce 6Ee2 -7 . %10 .- -
22 Vanadiue-49 g, see v 7604 I 5. - - -
" . tl wall Bone surf - . . L.
. a7, - {9E+4) (3E+4) - . . SE-8 1E-3 1£-2 .
¥, see 7y - 2644 8E-¢ 26-8 - -
2 throniua-48 D, all cospounds except . . . : .
those given for M and ¥ 6E+3 1E+4 SE-6- . 2E-8 8E-5 - ag-l
- ¥, halides and nitratés - TTEes M6 M-8 U - -
. Y, oxides and ikyd'roxlpu Y. T 7Ee3 - CIE-6 1E-8 - -
20 - Chrosfum-d9? D, see dr 7 IEe4 BEed T AE-S:. 167 At-4 4E-3
¥, see “,Cr - 1€+5 AE-S 1€-7 - . -
. Y, see . Cr - 9E+4 AE-5 1€-7 - -
24 Chrosfus-51 .. D, see qocr Taped SEed .. 265 [ 6E-B SEb . SEY
: D W,mvew 2ocr - . 264 IE-5 -8, - -
¥, see ‘ocr - 2644 8E-6 _ 3E-B - -
25 NlngimirSIz ' D.. an compounds except o R
: _these given- for ¥ 2648 SEed 26-5 . - 7E-B -4 3ED
’ M, oxfdes, hydroxides, P T, . -
. halides, and nitrates v - BEsd 3-S5 3] - -
.25, tanganese-S2a% | D; see Slmq - Ied - 9Ees P R 1 A -
' o S (s:'u')"" “e L s sed
- q . - - - - -
, ¥, see S <. 16e5 . AES - IE=7 - - .
25 Kanganese-S2, U, sed Sl 762 1Ee3  SE=7 | -9 - 1E-§5  C1E~4
: . So W see Stn - 952 AB-? . 189 - . -
25 Nanganese-53 D, see Sl ) JEss . - SE-E .. 76-4 763
R .. - [ggz)wrf o -8 i
W, iee Slwi R 2 Y O -
25 ManganesesS4 - D, see oitn. 2643 9Ee2 -1 1E-9 A5 . IE-4
_ ¥, see S - BEez T 13 - -
25 Manganese-56 - D, see 21 SEe3’ 2644 6E-6  2E-8 75 7E-4 -
Wy see Slha - 2644 -6 B - - -
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App.B
PP 2 PART 20 STANDARDS FOR PROTECTION AGAlNST RADlATlON
-, : Table- 1 Table 2 . Table 3
T Occupuuonal Values E1fluent Releases to .
o Concentrations Sewers -
N Col. w.Cel. 2.0 Col. 3 Col. ) Cot. 2 .
. Oral. . -Monthly
. * Ingestion Inhalation - . Average
Atomic " Radionuclide Class ALY . Water  Concentration
Mo .. - B (wet) e . GLimn’ (uct/-l) (WCi/a1)  (uCiza)
26 ¢. 1lron-52 .. D, all compounds except - - o L .
e ~“those piven for ¥ 9Ee2 e -6 SE3Y . 168 e
W, oxfides," hydroxidn. o '
‘ ' _and nalides - 2643 A6 ME9 - e
2% -lron-Ss boseeilre 4 o 2pe3 - BEST T 39 . 164 1Y
o R V.osee Spe R %] 265 69 - -
26" lrons9 D; see Sire BE+2 W2 1647 sE-10 2655 ae-a”
W, see “Fe . __SEOZ 2E*7 "7E-10 .. -
2% Tromé0_ "D, seedde . 34 6Eo0 - 3E-9 9E-12 . AE-T 4E-6
- w. Jsee SZfe R 2601 8E-9 ¥ - -
" Lt -t . i N ~ IS - .
o Cobalt-55 , an curpounds ncept St . L - T . :
. T mose given for Y. 1E+3 . 3E+3 1E<6 4E-9 2E~S %E-4 .
t Y, oxides, hydroxidu, i T o .
- M18des, and nitrates - , 363 -6 9. - .
. 21 Cobalt=$6 v, see ggco P st 3gez ¢ A1 ESI0 - SESE . 6ES
EE b Y, see UV D AR . 2ER2 BE~8 3E-10 - - .
Lz toatss owsee Seon T lseal T3 s apta Ul gEs . eed "
S0 - L Yosee 3o T 4 Teez .. %37 910 - -
D CobalteSBa inW, seegite T i, BEe 9Eed 4£-5 1E-7 " 8E-4 [T
. e e Y, 6@ T7C0 6E+4 -5, . _ 9E-8 ;- -
7 Cobalt-38TT. T W, see §§Co s T Lst7 s . 25 - 26
L . C X 3 Tee2 - 3E-7 1f-9. - . -
© 21 cobalt-60a? ., W, see’SScay % apes 263 g - S
S SR v St.wall - 0 . _ . :
. 55 - . (1E+6) .- - . - :.zg.z 26-1
. . Y, %000 -0 0 - 3E+6 1E-3 . 46 v - -
27 Cobalt-60 LW, see 6o SEe2.. 262 L 7E-8 26107366 CC 36,
i : ¥, see oo “-2E42 3Ee1 V168 - SE-1L - e
27 - Cobllt-ﬁlz W, seeddto 2644 GEed . 365 98 -4 JE)
s see 550 .. 2604, - 6B 265  BE-n | - -
. cen L - .
2 cmu-sz-’ W, see. 550 A - 268 s 2 - .
: e .St 'wall S .
. - - e - -}(SE+4) - . -. 74 - eI
e Y, see C0 . T WS L, BES 267 oo IR
28 . Nickels§ D, a1) compounds m&az o : . L :
L those ginn for 1E+3 2E43 ‘8E~7 3e-9 2E-5 2E-4
*Ut, oxides, hydroxldu. : .o tl o
. and carbides - .- ’ - JE+3 SE-7 -2E-9 - .
. vapor © - .Sl o e L 14 . SE-7 269 - -
<28 Nickel-s? ‘D, see oMt 2003 . SEe3 | 266 . TE-9 | 265 264
. W, see N{ - T3« T .7, 1E-6 - T AE-9 - -
Vapor - 6E+3 - 3e-6 - 9E-9 - ..
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'PART 20 STANDARDS EOR PROTECTION AGAINST RADIATION

T30

T30

nitrates

B-6

268

Table 1 Table 2 Table 3
Occupational Values Effluent . Releases Lo
Concentrations Sewers
Cel. 1 Col. 2 Col. 3 Col. 1 Col. 2 .
Oral . . C Monthly
Ingestion -Inhalation Average
Atoaic Radionuclide Class ALl : Afr Mater Con:cntration
No. (ueti) [(T4)] (pCi/m1) (pCi/m1)  (pCi/ml): (pCi/ml)
2 NMickel-s9 0, see SEni 2644 153 . 266 SE-9 34 3E-)
- ¥, see “ONi - 7643 3E-5 18 - -
Vapor ~ -. 28+3 8E~7 E-9 - -
28 Nickel-63 | D, see J0N§ 9E+3 2643 7E-7 2E-9 ) 1E-3
W, see “Bxy - " 3603 1E-6 aE-9 - -
. . Vapor LT 8fe2 -+ 3E=7 1E-9 - -
28 Nickel-65 0, sex 2N 8E+3 2604 18 3-8 1E-4 16:3
ot W, see “'Ni - 3E4 1€-5  AE-8 - -
Vapor - - 2E+4 7E-6 2t-8 - -
287 Wickel-66 0, ses fni . Age2 2603 7€-7- 29 - -
. LUl wal} .
56 (SEe2) : = . - - 6E-6 6E-S
W, see "N - - 6E+2 -, IE-7 9£-10 - -
Yapor - 3 1€-6 © 489 - -
28 - Copper-soz 0, all compounds except ok - .
. thase given for W and ¥ 3E+4 €4 . 4E-§ . 1E-7 ‘- -
: © St. wall - . '
) . M) . - - - - 484 4g-3
W, sulfides, halides, : .
;. and aitrates - RIL SE-5. 267 - -
) ) ' Y, oxjdes and hydroxides - 16e8 4E-5- ,'lE-7 - . -
29 Copper-61~ .0, see ey 14 I 1€-5. - -8 264 26-3
: ¥, see soc" - AE+4 2E-5 6E-8 - -
Y. see - AE+4 1E-% SE-8 - -
29 Copper-64 . D, see ggcu 1604 3604 165 4g-8 26-4 26-3
. o T W, snc anu - . 2644 1£-§ 3E-8 - -
Y. s Cu . - - |26+ 9€-6 -8 - -
2 Copers?. D, see ey 563 883 3-6 168 6E-5  6E-4
. see soc" ~ 5£+3 . . 2E=6 - 7E-9 - -
) . v. see 0Ly - SE+3 “2E-§ 6E-9 - -
0 -2inc-62 Y. 2)1 cospounds ~ - 163 3643 W6 -AE-9 2658 E-4,
0. Zinc-63? Y, all coapounds 2644 TEe4 (3E5 -8 . - -
‘ . . St. wall. -
. - !350‘) - -, - . 3-8 3¢-3
"30- Zine-6S Y, 311 compounds “aEe2 362 -7 . 420 ‘586 SE-S
Zinc-65a Y, all compounds 492 7643 -6 18 6E-5 - 6E~d
0 Zinc-e9? Y, all coapounds 6Es4 168 65 €T E-4 8E-3
Zinc-71a _Y; “all compounds 6E+3 2644 - 76-6 26-8 8E-5 se~¢
Kl 2inc~72 ) Y. 811 compounds 1E+3 16+3 5e-7 26-9 1€-5 1£~4
k) Sallfue-65° D, a1} compounds except ) ot ) )
those given for ¥ SE+d 2E+5 E-S 2E~7 - -
Se. uall . .
: . (6E+4) - - - 9E-4 9E-3
W, oxides, hydroxides,-
carbides, halides, and
- BE-5 3827 -~ -

App. B ‘
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‘App.B.. o N e e " App.B"
'PP-2 .~ PART20 STANDARDS FOR PROTECTION AGAINST RADIATION S
. T Jablel. . . Table 2 Table 3
* :Dceupational Values . . Effluent Releases to
: . S : Concentratfons- - Sewers
ST _ © . fol.1  €ol.2 . Coli3 .Col.1 Col. 2
- - Oral © . c . - Honthly
- . - R - .lngestion lnhalation - . Average
Atomic Radionuclfde  "Class .- - ALY . . Mr Water Concentration
- N, . - + (ptt) WCl) * (pCi/al) GuCi/m1)  (uCi/ml)  (uCi/aT)
31" Galliumt6 0, see S5 T 13 - afe 1€-6 5E-9 1w/ e
o My see S5, s - 343 1€-6 iE-9 - -
N Galle-§7. - 0, see $a CWTE - e 66-6  2E-a  IE-d | 1E-3
. : V; see® ST . 1w 4E-6 €8 - -
n Gatlfum-682 0, see S5 . 2Ees 4Es4 | 25 6E-B - 264 2€-3
. Wosee 5% . Tl . SEed 265 7E-B - -
31 . callhm-102 0, see S56a - S sk 2645 7%-5 7 - .-
. St. wall . .-
o - ATEse) - Lo - 1€-3 1€-2
v,osee S5 w 2605 8E=s wr - L -
o Galfuw12 D, see fita . 142 4E+3 16-6 . SE-9 26-5 284
SR e W, osee 62 - - e 3643 RS R T
N GaMee?s D, seeflia © - T sk 2eesc 6E-s 2658 TS TE-d
o v, see 50, c. 24 . BEE 268 - T -
32 © Cersaniim-66 . D, a)] rompounds except . : - . T . .
. " those given for W 264 JE+4 }E-S © AE=-8 . 3E~4 .. 363
_ + ¥, oxides, suifides, - S 5 ) - ]
.. - and halfdes . - - C2Ee6 - L BE-6:i; 3BT - -
32 Gersanim677 D, see %ce B2 9. AE-ST U aE7- - -
: : : ' ' Stowallin R - .
- - e - Sl (AESR) T = U R 6E-3
g . v, see 56cq . T2 a5 27 - . -
32 Germanium-68 “.2. B, ‘m'gc. . T sEey - AES} . .- SE-9 . L6E-5 - GE-8 . :
ST v, see SfGe Lt 1B . aE 2E-10, e e . )
32 Gersanfu-§9 D, see Sbce - WA 24 o 6E . 268 24 L 26-3
“L W) see SOce - BEe3 . 36 I - - -
.32 . Cersantua-71 0, see Sfca " L sEes AESS 264 BEST . TE) . TEe2
. - W, see . - 4E4 .'~ - A-5 . 6E~8 - -
32 Germanum-752 ' D see S5ge " aes BEMd 35 Ay - . o=,
- S ‘ St. wall . ’ . S
. . 6. < (TEHY - - s - 9E~4 93
L. W osee DG - . BE+4 . 465 1€-7, - .-

32 Cermanfue7?  D,see oo . . spey 0 e e -8 M4 2D
: W, see Soce A 6Ee . 266" .8E-9 - - =

.

32 Gersanium-762 - * 0, see 55ce Iee 2 %6 - 3-8 . -.
-t ce t.owa . . . ’
_ 6. (2E+4) - - S 34 - 3D
¥, see e e 264, 9E6 3B - -

B-7 ODCM Rev. 25
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* PART 20, STANDARDS FOR PROTECTION AGA‘NST RAD[AT(ON
- Table 1 Table 2 Table 3
o:cupntionn Valuu €ffluent . Releases to
Concentrations Sewers
. Col. 1 Col. 2 tol. 3 Col. 1 Cel 2
’ Oral Monthly
. ' Ingestfon Inmhﬂon . Average
Atosic Radionuclide Class AL Concentration
No. : . ety T el (ke (uCI/-l) (ucv.n (pCi/al)
C 3 Arsentees9? ¥, a1l compounds 364 B8 L SEs C T ° -
. . Se.. vall . .
) (4E+4) - - . 6E-4 6€-3
2 Arsenie-70? ¥, all compounds 1604 e 26-5 788 2E-4 263
n arsenfe=71 © W, all compounds tged . SEsy 266 68-9 SE-5 SE-4
33 Arsenic=72 W, al} compounds 9ge2 1£e3 sEe7 269 16-5 1E-4
31 Arsenies73 W, 311 compounds SEe3 . 2643 -1 - 29 14 1£-3
N Arenice?8 ¥, all compounds 163 82 ¥y o 29 268 2
31 Arsenfe-76 W, all coapounds 1ge3 T 261, T BEY 2%-9 1S 164
1 Amenfes77 . W, all compounds SEe3 . . SESY 2-6 €9 - -
S R LI vall :
‘ (5E+3) - - - . .8ES 6E-4
3 arsentc-782 Vi a1 compounds BEe3 - 2684, 9e-§ 3-8 . JE-4 13
34 sﬂmh-—?dz 2 D, 2)1 compounds. ex:tpt . B . i
Lo those given for W - ZEe4 . CAEM ¢ 25 SE-8 1E-4 1£-3
W, oxides, hydroxldel. ’ : o )
. urbidu. and . B L. i
R elemental Se N 120 L S 404 . -5 . " 6E-8 - -
selenfur-73a? D, see Jo5e Eed - . 2es . BESB T 261 4E -3
© W, see ‘se IO [ 6€-5 27 - -
M Selenfus-73 0, see ;gs. 33 . ek SEEC Bgs- T AES AE-A
. . \.l. seq - 2!‘4. JE-6 .~ 2E-B° - .
34 Selentume?5 D, see ms« 5Ee2 762 T 3E2 1€-9 76 76-5
R Wl see Rt sz 37 BE-10. "~ -
W Selenfum?s D, m ;gs- ‘§Es2 BEe2 |7 169 8E-6 8€-5
. 3 W, s - 66s2 e BEel0 - -
3 Selenfua-Blad D, see T0se T D 3 3E-5 %-8 3e-4 33
. v, s Se 2644 764 . 3E-S -7 ~ -
n Seleniver012 D, see "0se SE+4 2648 5E-5 - 3E7 -. -
) o - . st. wall ) : .
. ,79 (8E+4) - - - - 1E-3 1E-2
) v, see V% - 2648 164 . 367 - -
3 Selenfun-83? D, see ;gs. Ny 1645 SE-5 267 AE-8 At
P ¥, see “Se . ki ) ‘IE~5 SE-5 2€-7 - -

ODCM Rev. 25
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App.B

PART 20 STANDARDS FOR PROTECTION AGA!NST RADIATION

i . .Table ] ) Table 2 lele 3
: Dccupatioml Vulues Effluvent Releases to
2ol . Concentrations  ~. Sewers
.Col, 1 Col. 2 Col. 3 Co). 1 Col. 2 .
Oral - - - Monthly
. ’ Ingestion Inhalation Average
Atoafc Radionuclide Class - AL?' Concentration
C e wet) WE)  weiien) (pﬂ/l]) -f(..cu.\) (,.cu-n
35 Bromine74md . D, broaides of H, Ui, ) :
. U Ma, K, Rb, Cs, and Fr. 14 ) 265 '5E-8 - -
. st. wall . o
v (2E+4) - RS a-4 363
- W, bromides ‘of lantha- S
nides, Be, Mg, Ca, Sr,
. Ba, Ra, Al,.Ga, In, T1, -
‘Ge, Sn, Pb, As, .Sb.'Bf.
Fl.-Ru. 0s, Co, Rh, Ir,
Ni, Pd, Pt, tu. Ag. Au,
Zn Cd, Mg, Sc, ¥ T'.’ . . I
Ir, Hf, V, Nb,"Ta; Wn," : - o
Te, and fe - . e 2€-5 BE-8 - -
35 Broaine-242 - D, see ¢ 2640 Eed - S S U? = T =
P : R . (SE.‘;ﬂl . SE-4 .‘;E 3
- 4+ - - - - -
o Wsed T - 8Ee4 PIEENERTS B bl
35 Bromine-75% D, see 74%p 34 SEed - 26-5 g8 .-c s
' ' ’ . (sz“-m ' : sE-d se3
‘ : ¥, see %y : SEd . 265 7EB. . =. - :
35 " Bromine6 O.see e o a3 sed. 268 . T8, SE5 . BEe -
. TW,see MBe 0 T 2T L L aEa) 26-6 . 6E-9 = .
35" Erowine-T? . see ;"‘sr e " 2Ee 28 368 zz-c 2-3
. . M, . - Zed . BE-6 . 3-8 - -a )
35 . Brosfne-8Ow: - D, see 7"ar kb, 2 T 7E-6 268 3ed 33
ST W see Ty S 120 6E-E+- -26-B . -
35 - Bromine-802 | .00, see 7"lr_ gd C T 2Ee8 gE5 . e - -
. ’ ' e e R 1 12
L c 1 -
. .. T Wisee fan ... 265 . ¢ 9E-8 ¥k-7 0 - -
3 Broaine-82 . D, see “‘Br . 3B . 4Ea 2-6:  6E-9 AE~5 .. AE-4
e , x« r - LY 137 T -6 - SE-9 - -
35 Brosine-83 ‘0; m."‘ar SEed  GEM L 35 G0 - .
) ’ e gy s -t o3
ag . . R -, - Lt - . 9E~ . ~
Vosee YT L - BES 3-8 o-8 - - -
35 Bromfne-842 0, see 748, ' 2t GE46 -5 - -gf-8 - -
. ' o ) (sttia‘)"" e T ' o aea s
* 3 .. - L. - . &€~ -
: W, see 74, - JGEM L 3ES5 - 9K - -
N Krypton-742 Submersion® e - LT Tkee 18 - .
36 - Krypton-T6 Sutmersfon! SR - 9E-6 ‘48 -. - ‘
% KnptowT Sibwerstonl . - &6 zew - -
% Krypton-73. Swmersfond . RENEE ce o zes  TEs - - -
R 13 ‘lrypuh;al N .'51‘“7‘!101\1 ’ e - TE-d . 36 L -

ODCM Rev. 25
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App.B o ' : ' ' A
PART20° STANDARDS FOR PROTECTION AGAINST RADIATION App. B
- Table 1 Table 2 ‘Table 3°
' Occupltional Values Effluent . Releases to
Concentrations Sewers
Col. 1 “.Co¥, 2 Col. 3 Col. ) Col, 2
R Oral . ' Monthly
. _Ingestion tnhalation Aversge
Atoaic Radionuclide Class ALl ter:  Concentration
No. (uei) (pei) (pcml) (uct/-n (ucl/-l) (uCi/al}
3 ltr-ymma-n:u2 Submerson? . “ -2 VsEs . - = :
3 Krypton-85e Submersion! - - 2€-5 1E-7 - -
36 Krypton-8% Sub-ersionl - - 1E-4 - 7E=7 - -
3% Krypton-872 Submersion} - - SE-6  26-8 - -
36 Krypton-88 Sub-crslon‘ . - - 266 - 9!-9' - -
< 31 . Rubidiee79? 0, all compounds s 1645 6-5 267 - -
. . .. St. wall . :
) (6E+4) - - - “8E-4 | BE-d. -
.37 Rubidiue8la® . D, a1l compounds . 2645 IE+S U4 SE? - - )
St. wall . : . . L
; - : (3E+5) - - - 4E-) 4E-2
0 Rubfdfum81 "0, al} cowpounds AE+4 SEes J26-5- 7B SE-4  sE-3 .
231 . Rubfdiue82e 9, a1 compounds T2 SR 12V 7E-6 2t-8 -4 26-3
w Rubidfum-83 0, 81 'co-péu'nus 6E+2 1€+3 sE-7 1E-9 9E-6 9E-5
7 Rubidiuese D, a1l compounds - s€e2 BEsz . 37 168 JEE . TES o
37 . Rbfdiuss 0, all- co-.pounds'_ sEe2 BE+2 ¥T -9 . TEE TES
37 Rubidioe8? D, all conpounds: 1643 2643 §E-7 2£-9. 1%-S IE-4
37 Rubldiue-8a?,. - D, all coapounds gzu n e F TS R -
. (3 - - - . AE-4 4€-3°
n Rubfdfum-82 0, a1l coapoundi 1 e 1685 6E-5 - 27 _ - -
: . t..wa - - .
(6E+3) . - - - 9E-4 - 9E-3 ;
as Stront fum-80% D, al, solublu ce-pounds . e T
S except SrT10y - s AEe3-. 1644 - SE~6 . 26-8 | 6E-S 6E-4
Y, all mso)ubh com . .
pounds and SrT10; . . - . T 1Ee4 5E-6 . 268 - -
38 Strontiue-812- " 0, see S0sr 36 12 M5 -7 A4 -3
, . Y, see.5%5r 2604 8EsS . IE-5 1£-7 - .-
LY Strontiue-82 0, see Bsp- ez ", 4Ee2 27 k10 - -
. ) LU wall - Lo
T (2E02).. - - - IE-E 3E-5
R Yy see Sr 2642 9E+1 4€-8 .- 1E-10 - -
- 38.  Strontiuw-83. Dy see wSr 3603 7Ee3 - 3-6.  16-8°  IE-5 3E-4
Y, ses 8% 2643 . 4E+3 16-6 . 3¢9 < -
38 strontfussSe? 0, see SoSr 2605 6E+S - -4 97 T 32
’ R Y; see TSF - 8E+S AE-4 1E-6 - s
Strontium-85- O, m ,,,s‘- - 3643 33, ‘16-6 4E-9° © 4ES “at-4
. s - 2643 6E-7 26-9 - - .
Strontium-87a . O, see I,gsu-‘ SEed - 1EeS 5€-5 26-7 6E-4 6E-3 :
. o ¥, see Blsr 2y 2645 H 26-7. - -

B-10
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© 38

39

B-11

.

-

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Tablel - “Table 2 _Table 3
" Occupational Valves Etflvent -Releases to
- - . - Concentrations Sewers
1, * Col. 2 Col. 3 Col. 1 Col. 2 .
8:.1 ~l ’ oL Monthly
: ) (R Ingestion Inhalat{on Average :
Atoaic Radionuclide,. Class . ALL.C ) Air Water  Concentration -
No. . - . B (43 [iT4)) (uCi/ml) (kCi/ml) (pCi/m1) - (pCi/m1)
38 -Strontiue-g9 D, see Ssp Fe2 ¢ BEe2 ° AB) C 1Ee9 - -
(%‘ilz;m LT ees ge-5
+ -, - - - -
¥, see 8¢ SEe2 142 6E-B . 26410 - -
- Strontfue-90 D, ‘see 80¢, k(231 . 2641 . BE-9 - LT T
. c . Bone surf{ Bone surf - '
. g (4E41) ' (2€+1) - 311 57 5€-6
Y, see Tsr . - T AEeD -9 6€-12 - -,
38 Strontium-91 D, see B0sr 2663 - -GEe3 - 2E-6 . BE=§ - 2E°S 26-4
. : Y, see."sr - 4E+) L XE-6 5€-9 - -
8 Strontfum-92 D, see Ssr ) €43 4E-6 168 AEs5 " dE-d
2 ’ -Y, see T5r . - 7643 k-5 77 9E-9 <. .
2 .y yet et L . PRI
39 Yetrivmgba ¥, ‘al).compounds except : Lo [
those given for ¥ - 2B EE44 2E-5 BE-8.. 3E-4 3E-3
. 'Y, oxides and hydroxides = SEed %5 88 - . <
39 Yetriee-ss A see 3%y Y e "3603 16" SE-9 265 26s4 -
. LYl see By <7 -3t 1€-6 S6-3 .- . =
39, Yetrive-d? "W, see BOBy - 243 . 3£ 26-6 SE-9° - 3E-5° 364
Y, see 559 . bl 3Ee3 16-6 - ° 569 - -
Yetriom-68 ¥, see 358y T e 32 17 - 3610 . 1685 .24
) Yo see- 350y , - 13 M2 30 - -
39 Yetrlue-90m-. V¥, see 258y - PR T 1E44 "SE-6 26-8 -4 - 1E3
L Y. see 368y . - 1E+4 5¢-6 . . 2t-8 - ...
3 Yetrlwo v, see 268y ' g2 7E02 TS S TN
LT e seay - 766 25
: = * - ‘- - - &
. ¥, see BE%y N -7 s - -
39 vetrieesia? W, see BE%y o5 3Ees U4 T BT - 23 . 22
L Y, see 77 - (268 ¢, 7E-5 28-7 ., - I
39 Yitrle9l W, see 858y - 5602 2602 78 220 - -
i ' R A S o BE-6 . BE-
. * . - - - N . " BE-
. C Y, sea By CTNRE 1 S S S U -
39 vttrfwe82 W, see 358y 363 < SEel | 4E-6 168 LAE-5 C AE4
e Y, see 360y R 25 i6. 28 - ..
39 Yetriow-9) 7w, see 358y 1E+3 33 U6 AEe9 265 - 264
: Y, see o Lo 2643 1t-6 3E-9 - . -
29 vetelumsa? - W, gee OSMpI n 00 PR I ST - .
P . R . . ‘522‘;‘" . ) . . a4 ‘E .3
T T 3 - © - ‘- - -
. Y, see ey . T D 8E+4 S35 18T - I
39 vetriee9s? - W, e BE% . TaEed . 2Ee5s T pEeRt - 267 - - .
R gty C T jed 78 '
Y, see B5ay o 0T 1Ees - 6Es 2 e 7 orn s
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B-12

N SIS .App.B
PART 20 STANDARDS FOR PROTECTION AGAINST -RADIATION -
© Table } - , Table 2 ° .. Tabled .
Occupationa) thnu Effluent Releases to
- Concentrations . Sewers
Col. 1 . "Col.2  Cal.d Coll Col.2 - '-. -
Oral . .  Honthly
. lnqeonn - Inhalation . . Average
Atonic Radfonuclide _ Class ALl . . Air . Water  Concentration
Ho, - .. . . ety - (pCi) . (uci/m1) (pCi/ml)  (pCi/al) V(UC‘III)
P.01) Tirconium-B5 D, alJ compounds except e
those given for W and ¥ 1E«3 + 4Ed 2€+6 6E-9 2E-5 2E-4.
"W, ‘ontdes, hydroxides; . . e :
- halides, and nitrates - ] 3] 1£-6 4€-9 - -
«. 1, carbide - 3 166 369 - -
40 2fconive-88 -0, see S57r . - 4643 .1 2Ee2 9E-8 3E-10 SE-5 SE-4 !
T . See ler - ’ SEs2. | 2E-7:. 7€-10 - - -
. Y,.see lr .- Jee2 . 1€-7 4E-10 " T -
40 - lirconiuwBs D, see 5olr 2603 AEsy U6 - 569 265 26-4
- R W, see Zr -~ 2E+4) . JE-6 7 U JE-9, L~ -
N . : Y, see r - - . 2E+3 .IE- JE-9. C . -
«© lirconfume93 . 0, see B62p. 1€e3 6E+0 3E-9 R - -
’ R 8one surf Bone surf wrtoe T !
JUF ’ I (3E+3) - (2E41) - [ 2E-11 4€-5 4E-4
W, see 8520 . . ol ol . o 168 - e . -
. ST Bone surf.- . . A ..
T . (6E+1) - 9-11 - - ) :
W Yyosee 2P .. 6E°1 2E-8 - . - .
. ‘. 8one surf S .
_ v : - (7E+1) - SE-11 .- §
a0 Urconfum-95- . D, see 865, " 1E+3 £+2 SE-8 - 2E-S 28-4 -
A : : ; e Bone surf . v : .
TR - (3£+2) - e age100 - -
M, see o 1r - ’ 4E+2 2E-77.. SE-10 - .
. e ¢ see TZr, - JEs2 12, . 4E-0 - -
407 Zircontww37 -1 D, se -g‘zr' - 6Ee2 | 2643 BE-7. -, .3E-9 96 9€=5
S T W see asl" : - 1643 6E-7. .. 269 - ca ,
i T . Yo see 2r - - 1te3 SE-7 - 2E-9:- - - O (
L4l Niobium-8sd . v, a1} :o-pound: exccpt B Co L . L B IFRIRN
” . Lhose given for Y . SE+4 " 284S 9E=5 = 3E7- " - - ’
-, St. unll - . LT -
o - 7€) « - . 1Ry - 1T
R Y. oxidu and hydroxidn - . 2EeS 9E-S 3E-7 - -
. Nisbtowaon? W, see Bup C16ed - aEW8 L 265 6E-8. M= 1E%3
(66 min) * Y, see “'Nb LIRS | L0 . 2§ SE-8 - = -
O Mobiegs v, ses Sha SiSEe3 . ZEed - BE-6 . 3-8 . TE-S €4 :
(122 atn) Y, see.She - Lo 24 . 6E6 . 268 - -
AL Nicbjum-s0 1V, no:: - iEey eI . 1E-6%  4E-9 13- . 1E-4
BT ST, see P - .. 2693 -6, . " -9 - -
41" Niobiuw-93a v',_n&f“un " D . 9Ee3 2E9 s'z-7 *. . 3E-9 - - )
: - o 1 valt . . . o ;
88 (1£+4). = . 28-4 2E-3 ’
. Y. see. N - 2842 7E' - 2E-10 - Cote
a1 Kiotiumgs "W, see S 9€°2 22 T8 3100 165 L 166
, . Y, see TNB . 2€+1 6e-9 -1l - -
Niobium-95m W, see B 2E03 €43 T AEETN B -
-y T L Ll vall . . . o ;
: " .88 (2E+3) - - - XS . 34
Y, see Nd Toe 2!0§ 9E~7 E-9 - - .

ODCM Rev. 25
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

.

B-13

‘ T Table 1 Table 2° Table 3°
’ Occupational Values LEfflvent Releases to
- co o . Concentrations Sewers
Col. 1 Col. 2 Col. 3 <Col. 1 €ol. 2
N : ‘Oral : Monthly
. - . Tt lngestion Inhalation N Average
Atomic’ Ragionuclide - Class | - 7 ALl - Afr ater toncentntion
+ No. - T e ) wcf), - (uCi/ml) (uCi/-l) (pcmn) (pCi/l‘l)
a1 Ricdlwm-9s W, see By 3L 1€+3 ‘§€-7 2.9 . 35 - 3E-4
: . Y. ue ) - €3 5€~7 2€-9 - R
n Niob{va-96 W, see ggub ISt X I3 1E-5 AE-S- 25 -2E-4
- . v, see N 20 16 - AE-9 - -
QN9 Wosee She 2 et . SEM A5 AE7 . A . 3%
’ o Yy see R ., e A 3E-5 1E-7 - -
a Niobiue-982 W, see 86 O ©OIEes .. T SEe4” 2-5 8e-2 264 "~ 263
Y, see THb - SEe4 - . %-S 7E-8 - -
* Malybdenum=90 D, all compounds uc'tpt -
’ .. . those given for ¥ . * AE9d 7E4+3 k-6 IE-B 3E-5 AE-4
: - Y, oxides, hydroxides, : - R R -
and Mo ) C - gEey. 4l 5Ee3 2-6 66-9 - -
42 Wolpdenarsie D, see ;gm 9ey’ e8| TE=6 268 . 6E-5  6E-4
. i . D 4 - 1Es¢ T - 6E-6 2€-8 - .
42 Wolybsenca-33 D, see JMo - ape 5£03 266 . BE-9  SE-5  SE-d
. Lt X, see - 2644 22 8E-8  -2E-10 - :
42 Wolypdenw-39 D, see Yoo, 2643 34 JE-6 4E-9 - te
' - " - ' ('i%lﬁ'“ s L T w5 . 264
H 4, . - - . - - -
_ ¥, vee Yo 1643, 1643 . 6ET . 269 - -
a2 Molybderwm-1012 n.',.m ”uo o 4ES 268 §E-5 267 - +
- . S'.;‘\)ull . - . ) 28-4 2%-3
; g el LY, vee ”no - ) 6E-S 27 - -
2 :
4 Technetium=93a' 0, aNl cupoum exc . .
. . : those alm\ for W m 7E04 2E45 6E-5 * 2%-7 1£-3 'IE-Z
¥, oxides, hydroxidés, . D .
- mms. and nftrates’ - - - “3EeS 1E-4 4g-7 - -
L n, ses "rc ' PUREER YR = R - SR S
R ¥, see ? . .- 1£+5 . dE-5 1E-7 - .
a3 mmu«-su‘ 0, see g "rc IR TR 'Y Y 1 27 - 265 BE-8 k-4 D
.o see d vl . . 6E+4 26~5 - &E-8. - -
G Technetimess G, m ,"rc ) 9t e - BE-6 L 3-8 164 . 163
v, s < L L 2M . S 3-8 - :
43 Tecmetim-sse D, see 201 ) SEed %-6 39 55 . SE-d
et N, see c. " R . 29 BE-7 . JE-9 - -
’ . S3a, - - ' : : Y'Y
4 Technetim-35 D, see. 23N W C . 24 SE-B 3E-8 1E<4 1£-3
Pt Technetium-96a> 0, sve aoc - P 2k “-3Ee5 - 164 4E-7 26-3 26-2
L Wsee e - 2605 . H IE-T - -
43" Techwative-96 D, see Jiulc 2643 3£ 1E-6 sE-9°.  3E-5  3E-A
T W see c - 2843 9E-7 - k-9 - -
4 Technetim-97a D, see I 5£43 7t "' K- - BE-S 6E-4
- . . W8 .
’ . - (TE+3) - 1E-8 - -
v, see e - - 1643 se-7 29 < .

App. B:
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PART 20 ' STANDARDS FOR PROTECTION AGAINST RADIATION

Tabie 1 Table 2 Table 3
Occupational Values - Effluent Releases to
: : Concentrations Sewers
Col. } Col. 2 Col. 3 Col. 1 Col. 2
Oral. | Monthly
" : Ingestion - Inhalation Average
Atoaic Radfonuclide Class - ALl Air Water  Concentration
No. ) _ (wety WE1)  (uCi/e1) (uCi/m))  (uCi/m1) (pCi/a1)
Q Technetiva=97 D, see J3%1c sE+d SEed 2€-5 7E-8 SE-4 SE-3
. . ¥, see c - 6E+3 2E-6 8E-9 . - -
4 Technetivess . D, see % T1Ee 2643 7E-7 2€-9 1€-5 1E-4
W, see 307c - 32 167 a0 - .
3 Technetiua-39m  D; see aalc BEe4 2E+5 6E-5 26-7 -3 16-2
W, see " Tc - 2E¢5 1E-4 3E-7 - S
41 Technetfum-39 D, see 3381¢ N SEe3 2€-6 - 6E-5°  6E-4
St. u)n" £-9
- (6Ee3 - 8E- - -
v, see P . 7602 37 gEl0 - -
43 Technetium1012 .0, see ¢ gEe4 3648 164 .. SE7 - - -
' : (ig's')'m : 26-3 26-2
+ - - - - -
. LW, see Pope - €45 2e-4 5E-7 - -
0 Technetiu-1042 0, see 93%7¢ L oEe 7644 S . 1E-7 - -
. . t. wva . . .
.. ; . (3E+4) - - - AEB-X AERd
W, see $301¢ “= 9ged 3 T 2 B -
[ 7 ) luthenhn-uz 0, aNl co-io.und's except - - .
. . those given for W and Y 2E+4 At 26-5 6E-9 264 26-3
¥, halides - 6B ., 368 g8 - -
. Y, oxides and hydroxides - 6E+d’ - 28-S 8t-8 - S
M4 Rutheniume9? D, see thu BEe3 ' 2bed - - . BE-6 . 3E-B 1E-4 1€-3
St W, see s‘nu - 1E+4 5€+6 2E-8 - -,
_ Y. tae MRy - 1644 5E-§ -8 - -
M futheniw-l0) D, see oihu 269 2643 7707 29 3E-F 4
_ S V. see Stru < 138 4E-7 1E-9 - -
. Y. see Mpy. - 6E+2 -7 . 9E-10 - -
4 - Ruthenfmr-105 D, see 4Ru SEed - 14 5E-6 . 2E-8 7%-5 764
.o W, tee o,Ru - 1E+4 6E-6 2£-8 - -
i ¥, see "Ry - 1E+4 SE-6 - - 2E-8 - -
’ 4 Ruthenfum-106 D, see Pny 2642 91 - 4E-8 - 1E-10 . - -
. . LLY wall ’
o (2Es2) - - - - . 36 IE-5
¥, see olRu - SEel 26-8 BE-1) - -
Yo see Hu - I SE-9. . 26-11 - = -
45 Rhod{um~99w D, a1l compounds except ’ : . . .
. those given for W and Y 2EH4 __6{04 -5 BE-8 2E-4 26-3
¥, halides ’ - 8644 3E-S 1€-7 - -
Y, oxides and hydroxides - = 7644 3-S5 - 9¢-8 - -
45 Rhodiuw99 0, tee Someh _2E03 36+3 16-6 A€-9 3E-5 3E-4
. W, see S2%n - 2643 9E-27 k-9 ° -
Y, see S - 2603 - 8E-7 3€-9 - -

B-14
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- . B E ST S
PART20 STANDARDS FOR PROTECTION AGAINST RADIATION
LA “Table:l: . . Table 2 Table 3
B Occupational Valves . .Effluent . Releases to
o . i . Concentrations - ° Sewers
Ll 1 - Col. 2 Col.3 Col.1  Col. 2 .
. T . -Orat e St T Monthly
oL, . Ingestion Inhalation - Average -
Atoaic Radionuclide Class _TOALL . Afr VWater  Concentratien
Ko, . . Cqued)  toTel) - (uCiZal) (WCi/m1)  (uCiZal)  (uCi/ml)
45 . Rhodium-100 3. see 'gg‘.‘:n 2l 23 SEe3 ZE.: Zg-g “2-5 €4
. see h - 4E+3 - 2E~ "6k~ - -
Y. see 3% - 4E43 266 5E-9 - -
45 Rhodium-101m D, see 2%y 6Ee3 1644 3E~6 26-8 . BE-5 8E-4
: V. see 23%n - BE+3 aE-6 1E-8 it -
Y. see Iy - BE+3 -5 1E-B - -
45 Bhodlir-l0l - D, see 3;::: P 5£42 3. ;E-’;o -5 7 34
: T see - BEs2 . . 3t -1E-9° - -
. Y, see 37Rn - 2602 66-8 2610 - -
45..  mhodium103a’ D, ‘see In. e - sEe2 267 -0 - -
.. . ol va L. .
‘ ©(1Ee3) - - 4 25 2€-4
W, see 1. .- ) 26-7 5€-10. - - -
) "y, see %% - 1642 SE-8. . 2E-10.-. - -
45 Rhodium-102 0. sée ?,:: ‘ sEe2 “gE01 s, 320 Tses eEes
) . See h - - 2£+2 o =10" - = -
: g Y, see P - 6E+1 ‘268 BE-1l - -
4s Shodiue-103a O, see 3;:::. aLes 166 ) ) 26-6 6E-3 - 6E-2
PRI td s SEC h - - -0 - - -
, LYy see 3%y S © 106 SEd ZE6 - -
45 . thodium105 0, see 9%n S 264 SE-6 28 - -
. . - . i wa o
. - . (4€e3) - - T S T S 1
- . W, see I3 b 663 -6 | 99 - . -
Yo see ¥ - 6E¢3 .26-6 ° . BE-8 - :
Rhodium-106a 0, see 2% 883 ¢ 3 “11E-5 4E-8. -4 16-3
¥, see JouRn b 464 26-5 . SE-BT <. b
iy ¥, see gy - 4Ee4 15 Se-8 . - -
45 . Rhodtue-1072 D, see Mpn ToEa 2Ee8 “16-4 ET- - -
’ L L. wa - . -
: oo ' (9Ee4) ~. = - .. 1 13 1£-2
< W, see Jomy RN S 1U-4. " RE-7 | = -
. Y, see S C e 3t+5 14 T - -
4 Palladime-100 D, all compounds except - .° . . -
R .. - those given for ¥ and ¥  1Ee3 1] 6E-2 269 26-5 26-4
‘ W, nitrates . - 1E+3 5E-7 2E-9 - -
. Y, oxides and hydroxides = £ 6E-7 26-9 - - -
4 Palladiue101 D, see -}33;«1 LTt amee gg: 163 st 264 263
. . m d . R - - - - ..
: T Yasee 1% - - 3. 15 e - .
46 Palladiwme-103 " D, see 1004 At :{;3 . 6Ee3 . 2 9-9 - .
. . . . .- " —“ “ - . .
. (76+3) - - - c - . 1€-4 ' 1E-3
v, see 1%0q - ik g0 266,  GE~9. - -
Yo see 104 - = B3 - 16 5€-9 - -
e Palladim-107 D, see 1%0pq ~':z;4 Ly B 9E-6 - - -
LL] wa Kidneys = . .
" 100 (4E+4) (2E+4) - 3-8 SE-4 s£-3
¥, see 12004 - €43 -6 1€-8 . -
Y. see 1% - ate2 2t-7 6€-10 ° - -

App.B
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App-B.  PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION . PR-B .
, . Tablel Table 2 " Table 3
- Occupatfonal Values Eftluent _Releases to
S o . Concentrations Sewers
: Col, 1 Col. 2 ° Col. 3 Colul Lol 2 .. -
Ora) . . Monthly. -
.. R : Ingestion . Inhalation - . . Average
Atomic Radfonuclide Class ALY . Air . Vater Concentration
No. (uts) *(uei) (uct/m1)  (uCi/m1)  {pCi/m1) (pci/al)
4 Palladium-109 ' D, see }88»4 : L2843 - 6E+2 %6 9E-9 3E-S IE-4
. ¥, see 100pd - . SE«3 - 26-6 . BE-9 - -
Y, see %04 - SEs3 - | 266 | BE-3 - © e
a7 stiver-1022 0, all compounds except . )
LR - those given for W and Y SEe4 2648 . BE-5 . 2E-7 - ..
. i St. wall . . . .
 (BEed) - - - - 9E-4 9€-3
W, nitrates and sulfides = 2E+5 9€-S 3€-7 -, -
. - . . . - - -
. ¥, oxides and hydroxides. = 2645 | - 8E-5 - 3E-7 - . -
) $iiver-1032 D, see 102 T aped 1645 AE-5 1£-7 5E-4 . SE-3
. ¥, see 10%ag - . 1E+5 SE-5 26-77 - - .
Y, see U CAgs - . 1E+5, . SE-8 2E-7 - -
7 silver1om D, see 102 S 3 9E+4 S, - 167 B4 E-3 - . s
' ¥, see mzkg : ' - 1E+5 SE-S 2E=2 - -
. » See. A - 1E+5 5€-5 - . 267 - - -
@ stiveri04? 0. ven 10809, T 2B TEeR d-5 . 167 .34 3E3 . . ‘ f
) ¥, see 10 .- C1EeS . 6E~5 - 26-7 -. - . !
. Y, see.” "Ag - - 1€+5 6E~5 26=7 e L. -
N e s . . 2 e .
) Silver-105 0, see 102ag . 3843 1643 Q-7 . 1E-8 . 4E5 - 4Et
W, see 1M . - - 2E+3 . TELT . 28=9 T - T-
Y, see 1% - 2% 767 7 Oc29 -
7 Stiver-106m .. D, sea 1009 - 8Ee2 TEe2 T 367 19 _ 1S 1E-4 .
. W, see j0oAg . - . T9Eez’ . AE-T7 . -9 (e - - . -
Y, see MiAg - - .- 9E+2 A7 g 19 . - -
<41 Cstlver-1062 0, see 3%%g s 6E+4 - 268 BE-S w7 - - (
. G St wall . - . - .
102 (5(0‘) - . - - . 9E-4 9E-3 s
v, ‘see 10%Ag . . 2648 - - 9E-5 . 3E=7 - -
Y, see’ “U%g S 2E+5° 8E-5. 3€-7 - .. -
417" Sfiver-108 . D, see 102ag 6Ee2 . 2892 BE-B .. 3E-10 9E-6 9E-5 -
.o LT M, see 102" . i - . 3E+2 - 1E-7 4E-10 . - : -
. Y, see 104g - T e 241 -8 E-N - .-
T silier-l0m D, sea 12y . SEe2 ¢ . 1682 5€-8° 26-10  6E-§  GE-S
. ¥, see 30949 - - 2642 . B8E-B . 2JE-10 - -
. T, see 5N - 941 4€-8 1£-10- - ..
" Stiver-111 ° 0, sen 0%g | €2 2€¢3" - 6E-7 - - 0 -
. . Ll wall Liver : ,
102 (QE+3) . (2E91) - 26-9 - 2E-5 . 264
W, see 102”' : - 9E+2, 4E-7 1£-9 - b
) . .Y, see T °Ag ) - 9Ee2 - AE-7 . -9 - - - :
Coowm Shiver-112 D, see 302y A3 - gEad -6 -8 A AE-4 :
. . W, see XOZ" - - 1E+8 4E-6 -8 . - . =
Y, sem." “Ag - 9€+3 4E-6 1e-8 - - N
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ADP.B pii i e o niay . APP.B
PART 20 STANDARDS FORPROTECTION'AGAINST RADIATION -+ APP-%
. e . Tablel - Table 2 Table 3
- . Occupatfonal Values E{fluent Releases to
’ .. . . Concentratfons Sewers
. = ’(c)mi 1otz cal3 el teh2z o
* e o0 Oral - . n
Y . : T s "Ingestion Inhalation . . . Aveng{
Atomic Rsdfonuclide = Class = v ALY h © My _ Mater . Concentratjon ' .
N, o S 1)) (C1)  uci/an) (uCi/a1) (eI (iaN)
7 shiverns? 0.3 o 3 sEe | ags 167 - -
' - ' ' geg Do C a2
* - e - - -, -,
v, see J0ag . 9g+ a8 w7 . - -
: ) Y see 925 - -, B+ 5 7 - -
48 cau-hrlﬂz' D, all compounds except . . R
A - : those given for W and ¥ 2t e -5 - 9E-8 3E-4 - 3E-3
¥, sulfides; halides, . . !
and nitrates . - 1E28 - . SE-§ - 287 St .
o Y, oxides and hydroxides = - R 2 SE-s .27 .. .-
.48 Cadmlim-307° p, swe %ca 2804 SEed .26+  BE-B 34 3E-3
. ¥, et yo.00 - - " BEed 28-% . BB~ -
A ©N, see g - . Sge4 - 265 7E-B.T - -
48 Cadmiue-205 D, see W¥cq - 3 ' o REE 2 S -
e - neys s : . 4 . ca
. - - (aEe2) {SEe1) . = 711" GE-6  6E-S o
.M, see *UUC8 i L 12 SE-8 - - -
- - Kidneys . ., I . o
104 . : (1E+2) L 2{:10 : - :
- v, ser Mg 142 S8 2630 _
8 Cdefueells D, see ey aa 2t %9 - S .
; . . .-
: o (B () . -, - .SE12. ST 5Ee6 .
¥, see 10%¢cq ‘ Loe 8E40 AE-g - - - .. .
- R “y . 0 Kidneys i . . L.
104 : caehy o Fr 3t :
Yoaewd¥eq o . - o TlEel. | B9 261
‘48" Codmfowedl - D, vee Weg T T L - ﬁ;}\m 20 -0’ - - N
. o ) - o VU t3Ee) -(3E+0) - 5632 . AE? AE~6 -
© o, see Wiy - BEed - 3E-9 - - .
o g o ’ Sl ey n -
- R . by . - .
¥, onee Wed T (S W T S -
48 Cmteellse 0, see Vg 2g02 R B S
- . e, - - (:E:;)' ;E-!- : ;iE:}g : -
‘v': pee W04 S 1682 §E-8°  2-30 - =
43 CCadwise-2)S D, see Weg - 2 1643 67 . 9 - -
. ’ .o 1L weY) ) - £t
N - 104 - Q) = s Sy e
v, see 3044 - 1603 567 . -9 - O
Y, see 3%%a . BE-7 29 - -
8. Cowtmdlin . Doseed0ea T s e s 28 S 6E-4
e W, see y5.0d : . . 28k 7E-6 2 -
) Losee Vg L - 1604 . BE-6 -2 -
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PART 20 STANDABDS FOR PROTECTION AGAINST RADIATION
Tablel - - 2 Table 2 Table 3
Occupational Values Effluent Releases to
. Concentrations Sewers
Col. 1 Lol 2 Col.3 Col.l Col.2 ° ° -
oral . . Co- . Monthly
ln?zstion Inhalation Average
Atoajc Radionuclide Class AL . . Afr Water - Concentration
Ko, . (wei) (LCH)  (uei/al) (uCi/ml) (pcum) Qei/al)
a8 Cadai-117 0, see joscd 5€43 144 SE-6 2t-8 6E-5  6E-4
WL see Jolcd - €44 . J7E-6 2E-8 - -
_ Y, see 1% - €4 6E-6 2-8 - -
49 Indive-109 D, al) :oupounds' except . . :
. those given for W 2644 U132 26-5 . 6E-B 3t-4 3E-)
W, oxides, hydroxides, ° R ' ¥ .
. halfdes, and nttntes - (132} 3e-5 k-8 - -
a8, Indiwm-1102 0, see ios'" 2644 AEe4 26-5 6€-8 2E-4 2€-3
~ (69.1 min) ¥, see “CIn - 6Ee4 26-5 | &8E-8 - -
49 Indfum-110 D, see ms"‘ SE3 2644 7€-6 2€-8 7E-5 7E-4
T v, s In - 264 8E-6 3%-8 - - .
49 Indium-111 0, m mxn 4E+) 6E+3 < 3E-§ 9-9 (131 6E-4
v, s In, - 6643 - 3E-6 99 - -
" 49 Indioe1122 - T D, see mrn 2E¢5 665" IE-4 9g-7 263 2€-2
v, sea 109, - -7E+5 -4 LAE-6 - -
2 Indtow-113a2 0, see 103in SE+4 1845 6E-5 -7 . 764 7€-3
- N Vs In - 265 8E-5 3E-7 - - .
49 -Indium-1l4n 0, see 1%%n 3Ee2 6Ee1 3-8 %11 - -
: ' aey © 4 g6 SES
- - T3 . - - ’ - '~ -
v, see 110 - T a2 . aes 16020 - -
49 Indfum-il%e 0, see .}g:ln T 1Ees- ages’ 26-5 6F-8  26-4 26-3 : .
. W, see 103 - SEed 26-5 78 - - - . )
A5 Indiue-115 D, see 1% sEa1 " 1E40 6E-10 . 26-12  SE-7 SE-6 o
. S W, see “°In - SE+D 6.3 BE-12 - . - ) \
" Indiue-116a’ D, ses 1001 2E+4 BEes * C 3E-5  1E-7 IE-4 3€-3
. . - My see In - 1645 - . SE-S 2E-7 - -
49 Indfve-117a D, see 1031 1644 €4 1ES SE-8 . 264 263
. ¥, see In - 4E+4 2E-5 66-8 - - -
43 Indlue-1172 0, see 1%1n 6E+4 2645 -5 - 27 8E-4 8E3
. . ¥, see. "ln - - 2E45 9E-5 37 - -
‘a9 Indfum-119a% 0, see 19915 AEed 1E+5 5E-5 -7 - -
- st. wall . : .
109 (SE+4) - - - TE-4 7E-3
v, see 1% - 1645 - . 6E-5 2E-7 - -
50 Tin-110 0, 311 compounds except )
: Uson given for ¥ 4E42 1€ SE-§ 2E-8 SE-5 SE-4
¥, sultides, oxides,
hydroxides, halides,
aftrstes, and stannic . . .
phosphate - 1E+4 SE-6 k-8 . - - '
so Tinen? 0, see 110n 7E44 205 95 37 1643 1E-2
- 3E+5 1€-4 i£-7 - -

¥, see sn
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PP -PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION PP: -
ce o~ Table 1 < Table 2 - Table 3
- Occupational .Values - Effluent .~ Releases to
. o . Concentrations . Sewers
“w - gol,1°° Col.Z  Cal.3  Col. 1  fol. 2
. i ol S0 onthty
. .+ lngestion Inhalatfon .. . Average
Atosic Radionuc)idé Class DS T ALl L - Alr . Watéer  Concentration
0. . . . T GED . (W) (uCi/ml) (CI/e)) (uCi/a1)  (uCi/a1).
0 Tin-3 D, see 110, 2643 1E43 5E-7 269 -
. . W vant )
mo. (2E+3) - - - k-5 364
. ¥, see “"Sn ' - SEe2 26-7 .. BE-10 - -
50 Tin-117a 0, see 105y 2603, 1Es3. . BEr - < -
o © L wal) Bone surf . .
wo: (2E+) (2E+3) - 3E-9 -5 - 34
: ) W, see 1105, e - 1Ee3 6E-7 263 - -
- .50 Tin119a 0, see 104 o 3643 2603 ° -6 3t-9 - -
' R o e - 6E-5  6E-4
.. . AEe - ‘ . .., .= . = -
, ¥, see 105, - T3Ee3 | 4p7 a9 - -
“S0.  Tin-12ln D, see 130q - 3Ee3 9Ee2 4€-7 19 - -
) iy LU vany ) i .
10 (4E+3) - - - SE-5 SE-4
W, see Sn - - SEe2 2%-7 | BE-10 - -.
50 T .. D, see 104 i) ek . GEE 2B -, -
: L L wald . e ) .o
110 (6€43) - . o= gEeS BE-4
W, see “TUSn s . 1E+4 SE~6 2%-8 | - -
5 50 Tine1zaa?t . D, see B0 .. BEe 15 . SE-S . 267 4. TEA - )
= . . . . W, see *Usp: . - 1645 ° 6E-5 %7 - - e T L, : -
P 50 Tin12 D, see 110, v SEe 6E+2 37 o1 - -
= L (k?:‘)’m ; o 96 . 9E-5
Y. e . .. - *, - - - . - .
T . CeWe s MOy ST e 7E-8 2610 - - -
50.  Tin-12s 0, see Mg T apy k2 | 4?29 - . -
- ' T LU wall . L . : .
© 110 ©(S5E2) .- - BE-6 SE-5
. . W, see T°TSn N - . 4E+2 1®E-7 | SE-10 - .- . s
Tin-126 D, see ﬁgSn . 342 6641 . 2E-8  BE-11  AE-6 g5
ST L W se B0y e Y 3-8 . oS-l - -
Tin127 . 0.sex M0n R T T 2644 BE-E - 3-8 S5  SE-4
- v, see U050 - <. e . eE6 |, 3-8 - -,
282 o, see 00, | ‘9€0 3ged 1€-5 ag-8 1€-4 163
o . s see 305, - AEd JE-5 . SE-B - -
- 81 Mthonrnsz'_ 0, al co-pann&s except : . L. . to
N . .~ those given for ¥ . BE+4 2E+5 | 1E-4 - 367 -3 | -2
¥, oxfdes, hydroxides; ’ ' < . : '
. halides, sulfides, . . :
) o . sulfates, and nftrates - 3EeS JME-4 4E-7 - -
51 Antfmony-116a? ' O, see 3136 - 2em 7eed 36§ -7 4 33
. W, see Wy - 165 . 6E-5 2E-7 - -
51 Antimony-2367 - D, see MSsp . .1 - gEet T 3ges 14 €2 - - - .
R TR GhaT ' © 13 e
. RN 9 - .- . -, - -
i o Vs 1l A . 1E-4 s-7. - .-
51°  Antimony-117 D, see sy T 7644 . 2645 9E-5 37 9E-4 -2
: ¥, ste S © - k]2 1E-4 AL-? - - '
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. APDB: /

PART 20- STANDARDS FOR PROTECTION AGAINST RADIATION
Table 1 - Tableé 2 Table 3
Occupational Values Effluent Releases to
- . T Concentrations Sewers
o). 1 Col. 2 Col. 3 "~ Col. 1 Col. 2 .
Oral . N oot Monthly
oL Ingestion Inhalatfon . Average
Atosfc Radfonuclfde _ Class ALl Air Water  Concentratfon
No. - Wt (CI)  (uCi/m1) (uCI/ml}  (pCi/al) (uCi/al)
-8 Antimony-118a - D, see 113cp 6E+3 244 BE-6 3E-8 7E-5 7€-4
W, see 1155 SE+3 2Ee4 . 9E-6 3E-8 - -
51 Antimony-119 D, see 355 2644 SEed 26-5 6E-8 26-4 26-3
. W, see 5b 2E+4 - 34 1€-5 4E-8 - -
S1 Antimony-120° D, see 1155y 15 - MBS 264 6E-7 - -
(16 min) e . St wall . - .
_ s (26+5) - - - . %3 26-2
¥, see. >°7Sh - 548 26-4 7€-7 - - .
s1 Antinony=120 0, see 11ish 143 T 9-7 3E-9 15 -1E-d
e T (ss ) W, see- 1155y 9E+2 - 1643 s6-7.  2E-9 . - .
51 Antinony-122 0, ‘'see 135y - BE$2 2643 166 3E-9 - e
. o ] LLY wal} . : - L
115, (8E+2) - ‘- - 15 - .0 164
_ v, see 125 TEe2 1643 €7 2€-9 e .
" 51 - Antimony-124a2 D, see 113h 35 C. T BEeS 4E-4 -6 -3 JE-2
) . . W, see sb 2E+S - - BE+S 2E-4 BE-7 - -.
51 Antimony-124 0, see 1255 6E+2 3602 €7 19" 7E-6 7€-5
. W, see M55y SEs2 2602 €7 . FE-10 - .-
: L1 e ‘
51 Antinony=125 0, see 1135p 2643 - 293 166§ - 3E-9 ) -4
W, see 1155 - SEe2 | 2847 10, . - -
S1  _Antimony-126e® D, see 115p LSEed . 2EeS BE-5 37 - -
. - St. wall : B ; Lt .
. = dss (7Eed) . - - .- 9E-4 9E-3,
] W, see 15y - 2645 8E-5 WP . - ce
51'-  Antimony-126 D, see }}gsu " gEe2 Wed- - SE=7 -9 766 7€-5
: S W, see 1155 SEe2 SEe2-- 267 TEN0 < -
S1.  Antimomy-127 D, see M55y BEe2 2643 '9g-2 3€-9 - -
: S : LI wall’ .
' 115 (8E+2) - - - 15 164
w; see M3 702 9€+2 g7 ®-9- .ot . .o
.51 . Antimony-1282 D, see 1155p BE+Y AE+S -4 - . SE-7- - -
(10.4 min) . St. wall :
ns: (1€+5) -- - -. 1¢-3 1€-2
v, see 115 < 4ge5 B4 BB - e
51 Antimony-128 0, see 1130 1643 8Es3. . 266 . GE-9 T 2€-S 264
: {9.01 h) W, see. 115 - - 3693 1E-6 SE9 . - -
51 Antisony-129 D, see 11355 - 33 943 AE-6 1E-8 . 4E-S g4
Wy sea W55 - " gEed 4E-§ 1E-8 - -
51 Antimony<1302 D, see {gsb 2694 6E+4 3E-5 9£-8 -4 3-3
W, see “27SH - 8E«4 3€-$ 1€-7 - -
S1- ° Antisony-1317 D, see 15sp . 1Ee 2644, -8 . - . - :
. i - Thyroid Thyroid .- :
us (ZEs4) - (AEWd) - 6E-8 264 263
W, see 1. - . 264 1E-5 - -
v Thyraid .
- (‘EQ‘) - 6‘-8 - -
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PAF{T 20 STANDARDS FOR PROTECTION AGAINST RADIATION L i

>

Table 1 = . Table 2. 'I'abll 3

. g ' Occupational Values £1f lyent Releases to
. ’ * 7. Concentratfons  Sewers
e o). 1 Col.2  Col.3 Cot.1 Col. 2 .
L . Oral . . : . Monthly
G : . Ingestion Inhalation . Average .
Atomic Radionuclide Class -ALT C Air ter  Coencentratien’
Mo, . . ° wen) Ci)  (uCl/e1) (uCi/ml) (ucu-u (uCi/n1)
82 Tellurim=-116 B, ail Compounds except T o B i . N g
- . .. those given for ¥ 8E+3 2844 9E-6 3t-8 1E-4 1£-3
¥, oxides, hydmues. : ) .
.. and nitrates L 3Ee4 - 15 4c-8 - -
52 - Telloriw-12lm D, see MSre . L . sEez © c2ee2. BEB - = e
. . Co .- Bone surf Bone surf B
6, (7:02) (4E+2) - . SE-10 165 _  1t-4
. v,. Pre. ; ' ake2 .. 267 6E-10 ° - -
52 . Tellurium-121 - -D, see }}: ¢« - 363 . AEe3 266 6E-3 AE-S aE-4
R . v. see Lot ‘- . 39 -5 AE-9 - -
52 . Teliurfue-123a D, u,"‘u . 6Ee2 2e02 9t-8 - - -
L : . o _Bone surf  Bone surf,: ) e B
. . ey s (143) (SE+2). - . 8E-10 | 1E-5 ¢ 1E-4
i N, see Ubg, o Sgez 27 gl - R
52 Tellurtw-123 50, see Woren Ssee2 - 262 g8 - = .-
. : . X Bone surf Bone surf LI S
- 16 (16+3) ~ (SE2) - FE-30 265 264
. W, see 161, . 4Ee2 12 S
. X " Bone surf .
’ A ’ SR - (1ee3) © - 28 - - -
sz . Tetlurion-125a 0, see ney, . '1EOJ BT 27 - . -
. . . e ) . surf _ Bone surf . . .
. 1 . (mz) qEe3) . - 1E-9 26-5 T 2E-4 -,
v, see Népp TS AT I 1 X R P
52 - Telurim1zla " 0, see 31674 6Es2 3Ee2 17 - 9€-6 - 9E-5 - )
' S N e A GE-10 - - '
. v, see 16y, - g 1870 40 - -
C s Te 7 116, 743 2644 9€-6 3-8, 164 . 163
i . 52_ Te!lm"i.u_-_-ln . 3: see 115,: - ) 2644 " IEE w8’ - .- he
. . L. SRR sEo2 - SEo2 37 . SEID -6 -7E-8
52 . hnugnﬁuh 3:‘500 u‘Tc_ . E.' % 67 - 3610 - :
L8 Teiluriue129 0. see Wore I .. BESE . 3E§ S8 4E-€ - 4€-3 -
s2. | Tull.urhn;‘*m ) 3: see n“ln KU N g 365 - 167 ot o -
S Telwriwe1nls D, see N67e ES PR S I B - -
- (68+2) (1£+3) - L2986 - 8E-S
¥, see Ngy, - - 4€+2 - A7 - - .-
o x P Y - . Thyrotd .o - .
-~ oL - (SEs2) e 1 b o
52 Tealuriw131? 0, see 367e sm SE+3 JE - -
. R et Thyroid . N
. s 1 N (593) (164) - = - E-8 E-5 8E-4
v, see WS g o .
S - apd) = s - -

B-21.

ODCM Rev. 25



.- App-

—58 FR 67657

B

PART 20" STAND_ABDS FOR PROTECTION 'AGAINSTBADIAT!QN: _

Table 1 < Table 2 © Yable 3
Occupational values” Effluent Releases to
- Concentrations Sewers
Col. 1 . Col. 2 Col. 3 Cols1l - Col. 27 | -
oral o . . Monthly
- Ingestion - Inhalation Average
Atosic Radionuclide Class AL - Ar " Water Concentration
No. . (pCt) (uC1)  (pCi/ml) (uCi/ml).  (pCi/m1) (pCi/ml)
52 Tellurim-132 .- 0, see 1367¢ 26e2 - 202 . 98 - - -
. Thyrotd Thyrold g ) 3
116 (7€+2)" (BE+2) - . 1€-9 9E-6 9E-5
W, sea “Te - {343 9E-8 - - -
X Thyroid .
) - (6Ee2) . - 9£-10 - -
52 Telluriu-133a2 D, see 1167¢ 3E43 SEe3 . 2E-6 - - -
. Thyroid . Thyroid, .
1 (6E+3) (1t+4) - 2t-8 9E-S 9E-4
W, see 67 - © UBEey . 266 < - -
. . Thyroid . a .
. . - (1E+4) - . 2E-8 - -
52 Tellurfum-1332 g, see 11674 1644 2644 9€-6 - - -
Thyro$d Thyrold . T
. 11 . (3E+4) (6E+4) - ‘8E-8 4E-4 4E-3
W, sea 16r¢ b 2644 96 .- - -
B - Thyrotd : .
) - (6E+4) - = 8E-8 - ..
s2  Tellurive-1342° D, ses M67e 2Eed . - 208 i’ - - -
: Thyrofid Thyrofd . E
n (26%4). | (SE%8). . - (768 3E4 - 363 .
. v, see 167, = T C2Ees 1€-5 - - -
o “ Thyrofd. R o
, - L (SEsA) - . 7E-8 . - .
53 15dine-120a° 0, a1l compounds 1644 - " 264 9€-§ 3E-8 - .-
) C R Thyrofd
. o : * (1E+4) L= -. - 2E-4 2E-3
53 lodine-lzoz D, all compounds ‘4E+3 9E+3 4E-6 - - " -
. ] Thyroid-  Thyroid . B}
- (8E+3) (1E+4) - 2£-8 1£-¢ 1E-3
53 Todine-121 D, all compounds 1E¢4 2E+4 8E-6 -. - <
i o . - . Thyrofd  Thyreid .
- (3E~4) (SEed) - 7E-8 AE-4 4E-)
. 53 Todine-123 D, all coapounds 3Ee3 6E+3 366 - - -
. Thyroid Thyroid ) o
. ) . . ) (1E+4) (2644) - 268 1£-4 1E-3 .
. - N t . L. " 4‘ - vt e
53 )  Jodine-124 " D, al1 compounds SE4L 8Ee1 ° 3-8 - - ‘-
o Thyrotd  Thyrofd . . :
o : (2642) . (3Ee2) - AE-10 26-6 . 26-S
53 Jodine-125 - 0, a)) compounds . 4EsY 6841 k-8 - -. -
’ . Thyrofd Thyrofd -
. : (1€¢2) - - (2?0?)" - 3E-10. 2E-6 2€-5
53 lodine~126 D, a1 compounds 2E+1. 4B} 1£-8 - - -
. .- Thyrotd Thyroid < .
o i (76%1) (1£42) - 2610 - 166 1E-5
$3 Iodine-128° D. all compounds AEs 1645, SE-5 - 267 - .
. . St..wvall- K .
. (6E+4) - - - BE-4 8E-)
53 lodine-129 0, all compounds SE+0 9E+0" 4E-9 - - -
. - Thyroid Thyrofd
31y . - AEF1l 267 26

(2E+1) ~
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App.B o STANPARRS EAR PROTECTION A AING: ] App. B
. 'p . ‘PART.ZO. STANDARDS FOR PROTECTION AGAIN_ST.B.ADIA_TI_ON ) pp: !
. Jable 1 . Table 2 Table 3 :
Occupatfonal Values Effluvent Releases to
. . . _ Concentrations Sewers . .
cof. 1 Col. 2° ° Col. 3 ‘Col. 1 - Col.2
Dral . . . Monthly
. . Ingestion Inhalation Average |
Atomfc Radionuclide Class ALl B Alr Water Concentration
MNo. o Wen) - uCd)  (uCifml) - (uCi/a))  (uCH/a) (uCi/m))
5 Jodine-130 D, 211 compoinds a2 762 37 - . -
- Thyroid . Thyroid
: CQIEd) | L (2643) - 369 2E-5 2e-4
s Todine-131 D, a1l cospounds 3841 SEel 26-8 - - -
' Thyroid Thyroid . . . .
. _ . (9E+1) (2£92) - - 2820 16§ 18-S
51 lodine-132a2 0, all compounds . gl aEed | 4£-6 - - -
T R Lo Thyroid Thyroid . . A
) . (1E48) (2E+4) - -8 1E-4 -3
53 lodine-132 D, 0V cospounds - 4EW3 T gEe 3676 - - -
- : Thyrold - Thyroid, . .
o (9€43)  (IE4) . - - 26-8 1€-4 1€-3
53 lodine~133 D, al} cospounds 102 de2 27 - - -
: A . . Thyrold = Tnyroid
: . (56¢2) .  (%E2) - 1E-9 76 7E-5 )
53 lodine-1342, 0, ali compounds 2648 ° SEM’ 26-5 (12 - y
. ' a Thyroid .- . .
- {3E+4) - - - Ag-a aE-3
53 Todine-135 D. al) compounds 8Ee2 2643 767 - - -
) LN Thyroid - Thyroid . . \
: o L. 3E03) (4E+3) - - 6E-9 €5 -4
- 56 . xenon~120? . Submersfonl . - - -5 Ae8 . - -
58 fenon~121%e. . ‘Subwersionl ’ - - 26 28 - .- !
54 Xenon-122 Subaersion’ . - 7€-5 3E-7 - -
. $4 . Xenon-123  Subwersion? . - 6E-6 . 3-8 - -
-S4 Xenon-125 Submersion’ - - 265 . 8 .- -
54 Xenon-127 Subwersion? - - w5 68 - -
58 Xenon-129a ,.f."w."ersion_‘ - - 264 9E-7 - -
54, Xenon-131 _ Submersion! - - AE-A * . 266 - - . :
88 Nenon-133 . ° Subeersion - - T B 5 -
s Xenon-133 Su?nrﬂuql . - - 1E-4 - SE<7 - - :
54 Xenon-335e Submersiont ) - - %6 4 - - {
54 Xenon=135 ) SIMI‘I'{ONI - - 'u-s._ ’ 78 - - i
8¢ Xenon-138 Submers fon! - - ats 8 - -
55 Cestum)2s? 9, all cowpounds SEed . © 1EeS BE5 27 - - -
- - s5t. wall .
. R (9E+4) N 13 1E-2
Cesfum-127 0, a1l compounds - - - 6Ed . SEe4 s 167 o4 9E-3

w
w
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App.B Sy . _ : L ’ __
PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION--
. Table 1 Table 2 Table 3}
Occupational Values Effluent Releases to
Concentrations Sewers
gol, 1 Col. 2 Col. 3 Colu 1 (ol 2 .
QOral. 4 Monthly
Ingestion Inhalation . Average .
Atomic Ragionuclide Class .ALL L Afr Water: Concentration
Xo. (uti) GCi)  (uCi/m1) (uCi/m1)  (uCi/mly  (uCi/ml)
85 - Cesiun-129 D, all compounds 2644 344 1€-5 SE-8- 3E-4 3E-3
5 - Cesfun-130 D, a1l compounds 6E4 2648 BE-5 T - -
. St. wall .
(1€+5) - - - 1€-3 16-2
L Cesfume131 0, all compounds 2644 3Ees 1E-5 4e-8 6~ -3
55 Cesfum132 0, all compounds 3643 age3 26-6. 669 4E-S AEd
55 Cesium-134m D, all compounds 1€+5 - 1E+S 6€-5 26-7 . - -
. . 5t. wall . .
_ (1£+5) - - - .23 262
13 Cesium-134 D, a1l compounds . . 7E01 1602 it-a 26-10 967 9E-6
$5  Cesfum13saZ  0,all compounds CAE5 T 2648 85 37 163 162
55 Cesive-135 . D, all compounds 7642 1€43 SE-7 26-9 - 15 16-4
55 Cesiua-136 D, a1 compounds aEe2 7602 -7 . 910 666 6E-5
11 Cesium-137 D, all compounds 1E+2 2E+2 6t-a 2E-10 1£-6 - 1E-5 -
85 Cesfum-1382 D, all, compounds " 2E4 6E4 -5  8EB - .-
’ . St. wall . .
(3E44) - - - AE-4 - 4E-3
) Barfum-1262 D, all compounds 6Ee3 264 6656, 26-8 8E-5 BE-4-
6 . Barfue128. - D, all compounds sEe2 2643 %7 269 - 766 TES°
56 Barioa-131a? 0, 811 compounds s e BE-4 2B - -
. - . t. wva . . . i
' (5E+5) - - -7 763 - TE-2
‘56 Barfuir131 D, a1 compounds 3Ee3 BE+3 3E-6  1E-8° 4E-5 4E-4
56 Sarfur-13la D, 211 compounds 2603 9€+3 AE-6 . 1E-8 - -
. LLI wall . . .o
(3E+3) - - - . a8 iE-4
56 Barfue-133 D, al) compounds 2E43. 762 -7 910 26-5°  2E-4
56 Barfun-135a D, a1l compounds 3603 164 5€-6°  26-8 ag-3 ag-4
S6 llrit.-1392 D, all compounds 1E+4 3Eed’ 1€-5 AE-8 2t-4 263
56 Barfue140 D, all compounds 5Ee2 1643 -6E-7 €9 - -
: LLI wal). . DS :
’ (6€+2) - - - 8E-6 BE-5 _
6 Birfue101? D, all coapounds 24 TE €5 1T 4 e
56 Barfua-1422 0, a1l compounds SEed 165 6E-5 26-7 . 7E-4 -3
87 Lanthanue=1312 D, all compounds except : ’ .
. those given for W S5E+4 1E+5 SE-5 2E-7 6E-4 6€-3 :
2605 %5 21 - - i

. W, oxides and hydroxides -
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PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION

- ' Tablel - -Table 2 Table 3
. ' . Occupational values Effluent Releases to
R ‘. . Concentrations Sewers
T tel. 2 €ol. 2 - Col. 3 .Col.1-. Col. 2
Oral . . - Monthly
. . .. Ingestion Inhalation Average
Atomic Radinnuclld. Class ALl Afr | er  Concentration
No. - R - (pet) ef) . (uCi/m)) - (uti/al), (uti/ﬂ) {(pCi/m1)
57 Lanthanum-132°  ° D, see Hha 3E43 1Eed O AE6 1E-8 - - 4E5 a4
. W, see ta o 1E+4 5€-6 2¢-8 - -
57 Lanthanum~135 D, see 1;}11 o TaEed 1645 a3 1€-7 St-4 " SE-3
v, see B3, - 3Eed NETETE - -
57 Lanthanom~137 < . D, see Bla . 1N €1 3-8 - . 24 26-3
. ' [N Liver . .
: - - (7E+1) T 2 -
W, see La - 3Ee2 - 1€-7. - - -
. . Liver - . :
. » - (3E+2) . -0 - S
3] Lanthanuer138 0, see Pl : 9E+2 4E+0 19 . .SE-12 165 164
: W, see Ls . - - 1641 13 "2E-11 - .-
5. Lanthanow1o D, see Pl 6E+2 143 . L 6EY 26-9 | 9E-6 9¢-5
' oo W, see "7 - 1E+3 T OSE-T ~2E_°9 - -
57 Lanthanua~341 " D, see 13l1a p 4ge3. 9£+3 A6 . 1E-B.  SE=S - SE-d
] - W see Bl - . 1Eed SE-6 26-8 < T
§7 tathasnoeiz? - D, sie 13a 8E3 284¢ 966 3-8 16-4 13
: : . o Wosee Bl - C3Ees 26 5g-8. .. -
5?7 .'llnthanm-luz D, in'ulu v w o AEM ;Eos 4£-5 1E-7 - q, -
: PR .+ St wall - ) R
Jim o G - - - . 5ge4 5E-3.
_ . 'R TR SEed . . &5 - AT, - - -
58 Cerjum-134 v, ~m :upounds ucnpt e -t . L.
. - those given for \' v-.v SEe2 . TE+2 Xx-7 18-y - -
LLL-wal) : .-
, , \ (scoz) - - -. - . BE-6 BE-5
. oxides hydrox ou . . .
m: floorides - .. O 7802 37 %~10 - -
"58 - Cerfum-135 : H. see %uce ET © 2643 AEe3 266 ° " SE~9 25 26-4
- . Y, see WMo -t cal 4B ¢ 25 SE T - -
S8 Cerfumdite - W, 100 Do 2603 L A3 %6 ey - -
. : ., Ll ) L
ETY Lo . .- - “3E-5 a4
.. . Y, see Be, - 4803 26 5t-9 - -
58 Cerlum-137 "W, 500 Bhce 5Ee4 165 65 2t-7 7E-4 76-3
T ¥ see W L .- 1645 SE5 . - 2620, <. -
s8 - Cerfux-139 v, see e 5E+3 are2 30 B 12T RS 1 76-4
. : Y, see Ce ‘ - : '7501 - 38-7_. © 9f=-10 - -
S8 Corfum-141 W, see Dlee . L2603 - TEe2 L3 1= - -
. - K - ULwall ar, ] S :
o 134 (2€¢3) - - - 3-S5 364
Y, see M . - see2 . %7 8£-30. - . -
S8 Certum-143 v, see By " 1E3 23 - T8 39 - -
' aey" ) , 26-5 " 264
* - C - ce- - -,
134 R 8 w7 2k - -
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App.B

'PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION:

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
. .. . Concentrations Sewers
tol. 1 Co). & €ol.3 Co).1 ol 2 -
_ orad Monthly
i . Ingestion Inhalation Average
Atomic Radionuclide . Class ALl . Afr. . uater  Concentratfon
No, ] (uCi) (i) (pCi/al) (pCi/al)  (uCi/ml) (pCi/ml)
58 Cerfun-144 W, see 134ce 26+2 3E 1E-8 € - -
. Ll vall :
138 (3E+2) - - - Ii-6 3%-5
v, see 13%e - 1641 . 6E~9 €11 - - -
59 Prlseodyu'iurnsz W, al1 compounds except -
. . those given for Y SE+4 2E+5 . 1E-4 3E-7 - -
: st. wall
. (7E+8) - .- - -3 18-2
Y, oxides, hydroxides, co. . .
. carbides, and fluorides - 2645 9E-S 3E-7 - -
59 Prasecdysfva-1372 ¥, see 1350r A€ot - 2648 . 665" 267 SE-4 5€-3
. Y, see Pr - 1E+S 6E-S 26-7 - ..
59 Praseodyniun-138m W, see }ggrr : 144 SEeq 2E-5 8E-8 w4 13
R Y, see 136pp - AE4 26-5 568 - -
.59 Praseodyaiue-13 ¥, see J3cPr Ny 1E¢5 5E-5 26-7 §6-4.  6E-3
Tov, see Pfop - 145 5E-5 . 26+ - -
$9 Praseodysiue-162a%, sex J36pr 8Ee4 2648 7E-5 - 267 1E3 1E-2
STy sew 10pp - 1E+8 6E=5 26-7 - -
59 | Praseodymive-142 W, see 1pr 1643 2603 9E-7 369 . .1E-5 1E-4
& Yy sea TUPP - . U BE-7  ° 3E-9 - -
59 Praseodymiue-143 W, see Dpr 9E+2. . BEe2 - 3E-7 1€-9 - -
o S twy val - . L.
16  (1E+3) - - - 26-5 2E-4
Y, see pr - D) 37 9E-10 - -
59 prasectyntva-1442 W, see 336pp €4 1Ee8 " SE-S | 26-7 - -
! : St. wvall -
1136 (4E+4) T - - .6E-4  6E-3
Y, see "TUPr - 1E+5 SE-S 26-7 - -
59 Prasecdyaive-145 " W, ses 13ePr 383 9g+3 AE~6 1£-8  "4E-S AE-4
Y, see Pr - 8E43 JE-6 1E-8 - -
59 Praseodynive-147% W, sea 36pp SEed 2605 .BE-5 37 - - .
. . St. wal} . . . :
N (BE+4) - - : 1€-3 ;-2
R Y, see " Pr - 2E+5 8€-§ 3E-7 - ..
60 Neodysfum-1362 W, all compounds except  °
those given for ¥ 1E+4 6E+4 2E-5 8E-8 2E-4 2€-1
Y. oxfdes, hydroxides, ) N -
. carbides, and fluorides - SE+4 - 28-S - BE-8° - -~
60 Neodysiie138 W, see JioNd 2% 6603 W6 SE9 IES Md
. . Y, see Nd - SE4) 2E-6 - 7E-9 - - .
60 Meodymiuw-13% W, seq JINd - 5Ee3 2694 7€-6 26-8 7€-5 7E-4
Y, see Nd - 16+4- 6E-6 2E-8 - -
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- - PART 20.- STANDARDS FOR PROTECTION AGAINST RAD!ATION rp ‘
: oL . Y L -
“Table 1° Table 2 Table 3
Occupational Values - Effiuent Releases to
\ R Concentrations Sewers
Col. 1 Cob. 2 GCot.3 Col.l Col. 2. -~ = .
- oral . . . Monthly
- Ingestion 1ahalation Average
" Atomic Radhnuclidr Class ALY - Alr Concentration -
No. . S e (¥ = (€D (LIl (uCi/aY) Eim) (C1/m))
60 Keodyniun-1397 W, see {ggua o 12 3645 1£-4 "SE-T. 1€-3 1€-2
. Y, see ) - e+ 1c-4 4E-7 - 7 -
60 Neodymfum-141 W, see }ggua T gpes, ) A4 A6 2\ 22 -
ST Yy see Boig ol GEsS ¢ . 3E-4 9E-7 - -
60 Neodymium-147 W, see 33644 - B 12 T 120 T B T2 S -
o . L (ﬁ!ﬁ"“ . . . 265 2
®, .- - - . - -
. By O I A B :
80 Neodpmiw-1052 ..V, see ggna STV 3 T I X S 1 ] 1%
: o V. see Bong . - = 264 -5 3€-8 <L,
60 Weodymimm-1512 - W, see }ggud DT T 2ees 8E-5 37 9E-A*  9E=3
i Y, see Nd . e 22 8E-S JE-7 - -
&1 Promethin-2412 W, all co-pounds cxcrptm . O
thase qivon for \' . .: 5Ee4 - 2645 8E~§ 3E-7 - -
TN St. wvall . .
: . (6EM4) - - - * BE-4 BE-3 .
. 'l oxides, hydrex'del. " . N . .
N nrhidn. and flyorides =~ - 2645 7€-$ 15:7 - -
w0 . .o
© 61 Promethive-143 W, 'see }:}n' T ey gEe2 267 . 8E-10 - TE-5  TE-4
& S Y, see lpm = | 17 EIL A R
L 61 Prosethiul84 ¢ W, see Jiipm C1e3 T 1Ee2 s5E-8 26-10. ° 26-5 26-4
3 . ) aee Ml - T 12 5E-8 %-10] - - .
61 Promethlum-145 = W, see 1¥ipm apes | 2602 . B - Cages 163
o R . . Bone surl Lt
16l L e (aEed). . 3-1 - <
Y, see 1¥lpa e e pep 3610 . - L -
61 Promettun-146 ¥, see 14ipe ' <2693 5E+1 268 71 285 24
T Y, see MWl o ¥ 268 . 61 - - -
61 Prosethiu-147 W, see w,, o aea ) -56-8 - .- . = " =
LT LL] wall Bone surf . . .
M, O (SEe3) T (2642) - . 320 %5 7€-4
. ¥ s Ph T 1E+2 6E-6 20, - -
61 Prosethium-348e - ¥, s }}}n _ LT 3Ee2 :i/-7 . 410 165 TE-4
. *see Mg - 3Ee7 -7 5E-10 - =
61  Prosethime-148 W, see 1¥pa 4Es2 SEe2 2€-7. - 8610 - - :
' ' ' G ) R R T
PR », - - - . - < -6 . - - . Vo
Y, see Wlpn . . . 5Ee2 7. ° TEW S T e
61 Promethiwe-149 . ¥, see 1 TTIEey L 2643 8E-7 L9, =~ che "
. . . C . tlwan’ . . .
: 1 O IEe)y - - ce 28 24
o Y, see Hlpn e 2843 BE-7 269 <7 -
61 . Promethive-150 %ﬁ : S 2 2644 BE-6 87 TE5T .TE-A
T ! see mooc - 244 - 76 28 . - -
61 Prosethiue-151 W, see fﬁ" 2603 AEe3 CJE6 “SE-9 268 26-4
- ¥ see 11pn DRI 11 -6 aE-9 - -,

B-27

ODCM Rev. 25



58 FR 67657

App.B

62

63

compounds

B-28

L - . L . L. Apn. B
'PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION p p
Table 1 . -Table 2 Table 3
Occupational Value Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col, 3 Col. 1 Col. 2
oral Monthly
. Ingestion Inhalation g Average
Atonfc Radionuclide “Class ALl . Alr Water Concentration
No. (uCi)- (uei) (uCi/m) (uti/nl)  (uCi/m1) (uCi/m))
62 Suuriurlllnz ¥, a}) compounds 3E+4 1E+5 4£-5 IE-2 AE-4 4E-)
62 Samarive-1412 W, all compounds 5Eed 2645 8E-5 -7 - -
st. wall
] . (6E+4) - - - - BE-4 ,  8E-3
82 Samariue-1422 W, all. compounds 8E+43 3Ee4 -5 a8 1E-4 €3
52 Sanr;urlls ¥, all compounds G'E‘J. - SEe2 2E-7 7E-10 8E-S 8E-4
52 Samarfuw-146 . W, all compounds 1641 4E-2 En - - -
. Bone surf Bone surf ’
(3E+1) (6E-2) - %-18  3E-7 3E-6
62 - Samariome147 W, all compounds 2601 “ag-2 €11 - - -
: Bone surf Bone surf . .
(3E41) (e-2) - - 16513 . 4E-7 4E-5
62 . Samariue-151 W, all compounds 16ed 162 : 4B - - - )
L . . L] wall Bone surf : . .
(1€+4) (2€+2) - 26-30  2E-4 26-3
Samarium-153 W, all compounds 2603 IE+3 -6 . 4E-9. - -
: : - 1T wah), -
’ (2643) - - - 3E-5 3E-4
.62 Samarfue-1552 W, 411 compounds ) 2645 . 9€5 -7 - -
. RN st. wall i )
. . {BE+4) - - -~ 1E-3- 1E-2
62 Samarium-156 ¥, all compounds 5E+3 9E+) 4E-6 -8 7E-5 7E-4
63 Eu'rop!un-l.ls . W, an compounds . 2643 28+3 8E-7 -9 2E-5 2E-4
&3 Europium-146 W, all compounds - 1€+3 1E+3 5€-7 -9 1€-5 1€-4
63 Europfum-147 W, all compounds 33 “2E03 7E-7 269 4E-5 AE-4
3] Europium-148 W, all compoinds 1E+3 4Es2 1E-7 SE-10 ° 1€-S 1¢-4
63 Europfue-149 W, al) coapounds 1644 3803 166 4E-9 24 263
63 - Europium-150 ¥, al] compounds €43 8E+3 AE-B 1E-B.  &E- AE-4
. (12.62 h) ) A A ) o
Europiua- 150 ¥, all compounds BE+2 2£01 8E~9 311 165 1E-4
o a2y) 3 o
63 Europfum-152e W, a1l compounds . 363 6E43 -6 . 969  4E-5°  4E-4
© 63, *. Europfum-152 ¥, all compounds ~ gE42 2641 -8 -1 1E-S 1E-4
63 _Europfun-154 W, a1l compounds 5682 .2E 8E-9 -1 .7E-6 7E-5
6) Europium-155 v, al coap;unds 4E+3 - 9E+] AE-8 - 5€-5 SE-&
. . . Bone surf. s .
- (1£+2) - -0 - -
63 Europium156 W, a1l 6E2 SE+2 2E~7 6E-10  BE-6 8E-§
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) A]ﬁp. B

~ " Table L Table 2 Table 3
Occupational Valuves . Effluent Releases to
. s ’ Concentratfons Sewers - .
. .t gol 1 -, Lol 2 1.3 €01, 1  Col.2
. Ora) ’ Monthly
RS t Ingestion Inhalation . Average
Atomic Radionuc)ide Class ALl Water . Concentration
Na. T . L (pel) (pCi) (uCi/ll) (uCl/ll) (pCi/m1) (pClIl]). :
63 turoplum-157 - ¥, all tompounds 2603 5643 %6 79 3E-5 34
3] !uroplur-lsaz w, 'm compounds 2644 (132 2E-5 8E-8 .‘JE-Q 3E-3
1] bdo"niurllsz,' D 211 compounds ucept ” . Co, '
.. those given for ¥ L SEed 2E+5 6E-5 2E-7 - - .
) - st el o . : :
) (sksd) | - | .- - 6E-4 6E-3
W, ox!des hydroxldes. e g
) 3 . and numm _ Lo L 2848 75 135 -
6 Cadolinfie145 D, see’ Lg A 2 R 12 SE-8 2610 265 . 2647
. - V. see - 3es2 1E-7 | 4E-10 b -
64 . Gadolinfue-147 . e }‘gca 2037 4ERd -6 6E-9. 35 T Ied-
: 6d - 4E43 1E-6 S€-9 - -
" 64 Gadolinfuwl8 -0, see "sca 1691 8E-3 K12 - . <
’ : : © Bone surf * Baone surf . . .
. 145 D QERY) (26-2) - | 21 37 36
v. see 145¢4 - 2. . 11 - . -
., . Bone surf . . .
- - (6£-2) -, BE-14 .. - | = .
64 ‘Gadolinfum-149 D, see }‘gca 3Ee3 eI 9] - 3E9 SE-b . aE4 .
_ <. V. see Ccd - 2E+3 1;-6__ - 3E-9 -’ - - .. ) ..
64 Gadoliniue=151 D, see X564 6€%3 4Ee2 %7 - 9E-$ SE-4 -
: . co - : Bone surf . o . .
T P (12 S 1 1 - -
T T Mysee % 0 . . - 1ER3 5E:7 ., 2.9, - -
4 CodoMnlm-152 D, see mcd 2001 L le-2 41z - o .
. . oo . ‘gtzm;)swf “ggm)surf L
. . . .1y [2E-2 - - - - . .
. W, see uscd . - PRT T8 2E-11 EE 1 :E 7 :E s
S L o . Bone surf w
C Toe e (8Ee2) - Tl - 0
64 Gadoliniue-153 \ D, see 1504 SE+3 “1E2 -8 - - 665 eE-d .
N : . :. i(:‘;’";j“" . €10 . .
. T - + - 30 - -,
) cnt, W ee Mq . 6E%2 2e7 BE-X0 . .. e ¢
64 ' Gadoifnium-159 - .n. m ugcd 3803 BE) 3€-6 1628 $E-6. . AE-4
o Gd - Coe €43 2£-6 8E-9 - -
65 Terstuel47. W, al) compounds LeEe3’ - 3 165 SE-8 164 - 1E-3
65 .. Terbiurlds W, a1 compounds 5Ee3 -, .. 7Ee2 AT B T S N :
65 - + Terbiur-150 * W,.all compounds . SE+) .. 2E+4 ot ;','E‘.,A 7e-5 75_4' ) '
65 Tersiue151 W, 1) compounds 4E3 . 9Ee) AEE JE-B . SE5 SE-d
65 Terbluw1S3. W, allcompounds | ©  SEe3 .. 7643 LB IEB JES s -
65 Terbiurlse V. a1 cofpounds, . * . ZEe3 . - . dEs3 266 6E9 . 25 2k . | o :
65 - Terbium-155 W, all compounds - . 6Es3  T8Eed a6 . 168 BE-S . 8E-d
LI hg'a-;;“- ¥, all compounds I A 1 291 1€-5 4E-8 26-4 26-3

Y, e taam— e e
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App- B PART 20 ' STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values . Effluent Releases to
: * - 7% "Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral E ' Monthly
. Ingestion Inhalation Average
Atomic Radfonuclide Class ALl . Afr Vater Concentration
“No. : (uCt) (uei) (uCi/al) (uCi/ml)  (uCi/ml) (uCi/ml) .
§5  Terbium-15m W, 11 compounds " 7Ee3 BE*3 -6 1B M4 - 1E-3
(20,4 h) : . :
65 Terbiue-156 W, all compounds 1€+3 1643 6E-7 2E-9 1E-5 1E-4
65 Terbiua-157 ¥, al) compounds 5Eed 2 S 1E-7 - - -
- Ll wall Bone surf .
- (SE+4) (EE+2) - 8E-10  7E-4 7-3
65" . Terbium-158 ¥, all compounds. 1643 261 8E-9 3E-11  2€-5 26-4
65  Terbiuml60 W, all compounds - 82 2602 -8 30 185 1E-A
65 Terbiue-161 “ W, all compounds 2643 2643 . 7E-1 26-9 - -
LLT wvall : )
(2€43)° - - - - - 3E-5 -4
66 Oyspros §ua~155 v, a1l compounds 9E+) 368 1€-5. 4E-8 1E-4 © 1E-3
66 Dysprosium-157 W, all compounds - 2E+4 2] 3E-S 9-8  3E-4 3E-3
66 i Dyspros jum~159 W, all compounds - 1E+4 2643 '_15-6 3E-9 . 28-4 - 2E-3
66 Oysprosive-165. W, all compounds 1E+4 SEed 26-5  .6E-8 24 -3
66 " Dysprosfum-166 W, all compounds 6E+2 7€+2 3E-7 1€-9 - -
Ll wvald .
. (BE«2) - - - 1£-$ 1E-4
67 Holms u-155° ¥, a1l compounds T2V 2645 6€-5 2€-7 6E-4 6E-3
67  Holsium-1572 ¥, ail compounds 365 1E+6 6E-4 " 26-6 43 iE-2
1Y) Kolefuw-159° ¥, all compounds L2Ee5° 166 AE-4 1£-6 -3 -2
67 Holaiuel6l W, all compoinds 1698 4ES 264 . 6E7 163 162
67 Holefua-16202 W, all cospounds SEed 3E+8 ~1E-4 A-7 7E-4 7E-3
67 Holulum-1622 ¥, all coepounds SE+5 " 2646 -3 3E-6 - - .
. . ' St, wall . R
: (BE+S) - - - 1€-2 1£-1
67 ° - Holafue~164al W, all compounds 15 . 3645 W4 46T MY 162
67 Holmfus1642 W, a1l compounds 2645 6E+5 -4 %€-7 - -
R St. wall . -
(26+8), =~ - - 3E-3 k-2 -
67  HMolaiuwl66m ¥, a1l compounds " 6EeZ 7E+0 39 9%-12  9-6 9E-5
67 Holnium-166 ¥, a1l cospounds 9ge2- 2E+3 767 269 - -
LL] wall . R
- , (9E+2) - - - -5 1E-4 .
67 Holaium-167 ¥, all cospounds 2E+4 6E+4 2E-5 8e-8 2E-4 2E-3
68 Erbfum-161 W, a1l cospounds 2604 6E+4 3E-5 9E-8 264 2E-3
&8 Erbium-155 ¥, 21} compounds - (1] 2645 gE-5 - 3E-7 9E-4 9£-3
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PP PART20 STANDARDS FOR PROTECTION AGAINST RADIATION APP-5.
Table 1. : Tadble 2 - Table 3
Occupatfonal Values Effluent Releases to
. . . Concentrations Sewers
RS Col.? Col. 2 Col. 3 Col. 1 Col. 2 '
. t s 1) . . ¢ Honthly’
. . . © Ingestion Inhalation Average .
- ,Atomic Radionuclide Class o (.18 SR Alr Water  Concentration
. . R P, . “{pci) | (pCi) - (pCi/m1)  (pCi/ml)  (pCi/m1) (pCi/m))
68 Erpiuw163 W, all comounds 363 3E43 “1E-6 a9, - -
S L wall - . : .
S(AE3) L. = - SE-5 8B4
68 Erblum-Inl ¥, a1 ‘cospoinds " A e AE-6 M-8 SES5 SE-a
68 . Erbim-172 W, 411 compounds ° 1643 1€+3 6E-7 2£-9 - Toe
. . . LU wali : ..
ol (1E43) "+ - -1 .- © =S 26-4
68 Thulluw-1622 . W, all compounds o Te 3645 . 1E-4 aer - .
S . - . St. wa . . . .
- (7€) - e - - 1Eed 182
. 69 Thulium-266 ¥, 211 compounds . aEs3 14 . 6E-6 28 - 6E-5 GE-4
69 Th 1167 ¥, 811 compounds - - .. 2643 2643 BEST - 3E-9 - -
. . . . LU wall . <
) Fa (2643) - - - 3E-3 3E-4
) 6 Thullu-170 W, all compounds - 8Ee2 “2£e2 '9E-B 3E-10 - -
. : - LLL walY .
J e I ¢ 1 ) IR - - . 15 1E-4
W . . . ".‘. <. . . . .
© 69  Thulium-d71 W, 211 compounds 1eed .- 32 - 17 . - - -
5 , Thadhmeant . Wwall  Bone surf . . :
= ) _  (1E+4) (6E+2) - BE-10 . 264 26-3
- £9 “Thulfum-172, W, 211 compounds . JE*2 1E+3 T SE-7 26-3 - -
-7 L. .o AN L] wvall . ..
- T (8€s2) . ~ . - = - - . 1E-5- 1E-4 .
( 69.. Thuliwm-173 W, a1) compoundi. 4 144 SE-6 268" . 6E-5 . 6E4 ..
SRR 1 Thel fum-172 ¥,.311 compounds - TEM . 3EeS -4 a7 - -
oes 7 e e St..wall - ’ ’ .
| - S - (SE+A) - S . 163 1€-2 : .
. 70 Yeterbfuw1622 . W, al compounds except - . ST ~
: ’ those given for ¥ TE+4 JES 3 ) 4e-7 1E-3 1E-2
'Y, oxides, hydroxides, = - e - S
) . and fluorfdes . - ;.= - - 308 CL2E-4 AET T - -
. Viterbiumelss W, see 12 - %43 264} - BE-Y -9 . 25 264
ST Ay see ¥y ot 0L 263 BET | 3-8 - -
7 veeerbiowe1672 Wosee SImc - - 0 3Ees BESS-  3E-4 16-6 A3 4E-2
) T Yosee¥2p o o 7Ees - 34 i*6. - -
7 Yiterbiuw269 . W, seelf2p . ... 2603 BE+2 T4EY | 169 2E-5 268
: .- Y, see 162py S. 7692 -7 -3 - -
. .~ - e .« - e ed L C . -
70 Yeterblum-175 W, see 182y - 0. 3 - AEd - 16 . SEY . - - .
' e e ('5':"3‘)“" - : E g4 T
: e L . + - - - - - - -
. o A e e o3pe M6 USE8 = - = ..
. 70 Yeerdtue-1770 W, see 382 -o 24 - SEed - 26-§  E-2 2E-4 - 263
e Ct Yy see 83y T - SEed | 26-5.  6E-8, - . = .
70 Yeterbluw-1782 W, see J62v 0 “lged  -aEe . 205, - GE-8 264 263
. DL Y. see (-} o - 4E+4 2€-5 5¢-8 - . -
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Y, see Lu

B-32

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
) Concentrations Sewers
Col. 1 gol. 2 o1, 3 Col.l Col2 .. .
. Dra} . Monthly
. Ingestion Inhalation . Average
Atomic Radfonuclide Class ALl N Afr Water Concentration
" . Mo, (veh) (uC1)  (uCi/m1) (uCi/al)  (iCi/m1) (uCi/mi)
71 Lutetium=169 ¥, al) compounds except : . '
- those given for Y . 39 4E+3 2£-6 6E-9 3E-5 JE~4
Y, cxides, hydroxides, ’
_and fuorides - AE+3 %6 669 - -
ST Lotetiua170 W, see 180t 1643 2603 97 39 25 264
. . Ys see 189y - %3 ° BB 39 - -
N tetfuall - W, ses 10l 264 260 BE-7 369 S 34
: Y, see ly - - . 2E43 8E-7 39 - -
T Lutetiue172 W, see S0 o3, 1643 SE-7 U269 165 1Ed
. Y. see “Lu - 1£+3 SE-7 - 2E-9 - - - .
71 Lutetfue-173- W, see 269, SEe3. 32’ , w7 - WS TE-4
. Bone sur .
- 169 - - (5€e2) . - 66-10. - -
' Y, see 169y - 3€+2 167 10 - -
n Litetiue-174a ¥, see 1690y : I I L - - -
. . L] wa one sur . L.
169 (3Ee3)- (3E42) - 2 =10 4E-§ €4
_ . ¥, see 169y - 2642+ . 9%-8 €10 - - ,
N utetive174 W, ses 1%y SE3 ;zoz‘ - SE-8 - - 765 7E-4 ‘
. . e one sur .
189, - (2€42) = -7 k0 - -
R Y, see Ly - 2842 6E~-8 2E-10 - -
n Lutetio-176s - ¥, see 180ty 8E+3 I+ “1E-8 3-8 1E-4 1€-3 )
. S Y, vee. 269y - 2644 9E-6 3t-8 - - ,
N ltettmels ¥, see MU w2 e 29 - 165 14 . (
' ' . - (1E¢1)" - .. 21 - y
Y, see 1890 - 8E+0 ¥9 W1 - :
n Lutetive-177 W, see 2% 7es2 . 2 SE-8 - 1E-5 €4
\ L . - (1€e2) = C2Eel0 o -
. ) Y, see 369, - 8Es1 3-8 €10 - -
N Wtetfoe1n? W, see 390G a2 C9€-7. | -9 | - -
. wa .. ) .
) (3e3) - = - - 4€-5 at-4 )
Y, see 1% - 260 9€-7 -9 - -
7N Lutetiua-178a2 .. W, see 6% gE« L, ot-s 7. - -
. . - .« Wl
(6E+4) - © - - 8E-4 8E-3
Y, see 169y - 2645 7S 21 - -
71 tutetiue-1782 W, see 269 e e 56-5 27 - -
v . W3
' C(AEe4). - - - SE-4 BE-D
Y, see 19y, - 1645 ses .- 27 - -
Lutetive-173 - ¥, see 150y 6E+3 2644 e ;E_: %65 9E-4
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pp PART 20 STANDARDS.FOR PROTECTION AGAINST RADIATION pp-1
D Tabled . Table 2~ - Tablel
’ Occupational Values: - -Effloent * Releases to
s o - °7 . Concentratfons Sewers
- : Tt tel.1 "t 2 - Gl 3, Col 2 I
. . Dra) . - LR ~ Monthly
. ' . . . lngostton L Inhalation - Average .
Atomic Rsdionuclide Class ALl : Alr Vater Concentration
No. . . . (pCl) (uCi) . (pCizmY) (uCi/m))  (pCi/ml} (WCi/el) -
72 Hafnfuw~170  *'.0, al¥ compounds except . . . - -
s those given 1or L] . X9 BE+3 28-6 ‘8E~9 AE-5 4E-4
. ¥, oxides; hydroxises, _ Lt
nrbides. and nitrates - [124] ZETS i 133 ) - -
727 Hafnfue172 . see W0y 1£43 9E+0 L I .
K A(gom)surf s 1 . : .
: .- £+l - . - - -
v, 17"m - 4E1 2t-2 - v e -
. - Bone surf : ..
" . . - {5E+1) - s’ - :
72 Hafnius~173 0, see m Lo sEad 1644 SE- ©  26-8.. - 7E-5 764
B ] W, see . - W4 SE-6 2E-8 - -
. 97 Hatnioe-175 0,3 ”"m . Lo L3601 s SEs2 a1 - T aEss | ag-4
. . - Lo S -+ Bone surf. Lt T e . .
' m ) - (mn - 1€-9 - .-
V. s He - IEe3 se-7 | 29 - -
72 Mifaler-1T7a® D, see 113’" Y SE ‘2685 BE-8  .3E-4 3-3
. : o W, see TUUNE e o - - 9EeS - 4E-5 1E-7 - -
- 7 Hafnive-178m- o. see mm IR 18 T SER0 - M -5
' ' . g - aem
. " - . - ..
, v, sed mm - : SE+0 29 - - S
. o -Bone surf . S e .
. [ . - -, (9€+0) ‘. 1571_1 - -
72 Hatnlue-itw D, s 17°m ., T 3Ee2’ P12 R N X T T ) s :
' - . .. (‘:En;)surf l! . .. -
AT - *, - . - ° ... - .
L Wi 17°m - “ it -7 810 - .
72 - Rafnlu-180m . D, see .Hgn TET - 26 9-6 3-8 164 1
ct - ¥, - £ -5, 468 - -
727 Hfnhue-181 D, see 1,7°nf LI . 262 7B .- . 265 2e-4
: . . o ' (:zn;)wr' g St T
.- . . - . * . - . . - - e ..
: © W, see 300 vy -7 _ 6E-0 - R .
© 92 Hafefue-1822 . see 173‘" e 9Eed . g5 11 SE-4  SE=2
: e e A - 1608 '6E5 . 2E-). | .
72. Hatnium-282 0, see 1?°"f< : n 2Ee2 . 35.1 'JE"IU - .- -
. '.. e (:gn;)curf (:og surf S 26-22 se se
. T », - . z -’ e .‘ -‘s
TR S 12 Yol - .
P e, n - “Bone surf . . .
‘ N i, - (2Es0) © - el - - ‘
7 Hatniee-18? 0, see 3040 i 3Ee4 . SEed 25 6E-8  3t-4 . 3E-2
. W, see L1 = T BEe4 2E-§ BE-8" - -
72 Matnlue-184 B, see 170u¢ Y. zee3 (BE+3 366 C1E-B  3E-5 . 364
¥, see * Ot . - " 6Ee3 3-8 : 9€-9 - -
B-33 ODCM Rev. 25
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ApP PART 20 STANDARDS FOR EBQTECTION AGAINST RADIATION . ’ p[{ o
" Table 1 . e . Table 2 Table 3
Occupational Values Effluent Releases to- .
Concentrations Sewers
co), 1 €l 2 €l 3 Col.1l Cal. 2
* Oral i B ’ Monthly
: . -Ingestion’ Inhalatfon Average
Atosfc Radfonuclide . Class ALl . Afr Water  Concentration
- Mo, (uch) (LCf) - (uCi/al) (pCi/m1) . (uCi/m})  (uCi/m1)
n Tantalum-1722 W, all compounds except o L .
those given for ¥ 4t L 1EeS SE-5 - . -2E-7 SE-4 SE-3
Y, elemental Ta, oxfdes, ' ’ ” SO ’
hydroxides, hllidu. :
cardides, nitrates, s
) . and nitrides - 160§ A5 .. 17 ¢ . -
73 Tatalael?d W, see lra ) it BE-6 BB , S5  SE-4
. Y, see Ta - 2644 7¢-6° 2E-8 - -
73 Tantalow-1742 ¥, see. 1121 . 3k 1E+8 €S -7 aE-4 4E-3.
.. < ¥, see “'°Ts - ’ SE+4 . 4E-§, ] 1&-7 - -
n Tantalun-175 ¥, 'see 112Ta 6Es3 2644 766 . 26-8 - BE-5 BE-4
. Y, see 1727, - e SE-6. 26-8.. - = .
n Tantaluw-176 ¥, see 1721a €43 - 1604 SE6 26-B SES-. - SEe4 .
i Y, see Ta <. 1E+4 . . 5E-6 2E-8 - - ) :
713 lantalue17? v, see 127, 164 2644 - BE-6 . JE-B -4, 263
. L Y see ST - 2844 * -6, . | 2E-B - -
73 . Tantalee1ss W, see.lina 24 9EW4 A5 TiEe7 264 263
. ST o see 2y O w L LTEM T 3R 167 - -
73 Tantaluel’9 |, Ses 12T L 2604 SE43 26 BE-3 364 33 "
T, see Y - 9Ee2 7. 169 - -
©73. Tantalue-1s0e ¥, see.}lira C2EeM .. 7EeN 3E-5 98 34 3-3
. Y. osea 1727, - <" 6EA 2E-5 8E-8 - -
73 Tantalue-180 ~° W . see Wipg . o “1E+3 ' -4[4'2 28-7 . BE-10 2E-5 . '," -
y Y; see 17.271 - 2641 1.8 3E-11 - EE ' \
73 Tantaluelsoal’ v, see V2r, " 2645 SE+5 4 C8E7 - . -.
. e : : (;E -;.n . Lo ,
- +5 . - I 3E-3 .y
L Y see 2, . 4EsS -4 - 6E-T ¥ 2
7 Tantalue-182' .. W, see 321, 8E+2 IEe2 67 S0 1E5 T 164
. L TNy see Y7, - . 1fe2 6E-8  26-10 - b "
77 Tantalee183 W, see Y1, _9gé2 1643 se7 269 - -
S . . (li|£.l3;nll . R .
o *3)° - - - 2E-5 2€-
T Yosee Vi, s 33 €7y - b ;
n Tantaler184 © W, see 17212 260 583 -6  BE-9 385 364
. Y, see “'“Ta - SE*) 2E-6 7E-9 - -
7 Tantalue-1852 W, see 1727, 344 TJEes 5 . AEF A4 4E
- Lo Y, see 1727, -} 6E+4 '3;-5-- 9-9- - -E 3
13 Tantale-1862 - W, see 172r, SEs4 - 265 w4 37 - -
.. (;E;';ﬂl : .. BN .
] - - - 1€-3 1£-2
. | Yosee Y21 - 2645 %3 37 - -
Rl Tungsten-176 D, all cospounds . . 1644 " sk 265 7E-8 T . 164 16-3
" Tungsten-177. D, all cospounds 2k 9E+4 4E-5 - 1E-7 3E-4 3E-3 :

B-34
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Table 1 “ Table 2 Table 3
. Dccupational Values <Effluent ‘Releases to
.. . Concentrations - Sewers
) Col. 1 Gl.2  ClL3 Col..1 Col. 2 .
¢ -Oral, : - Monthly
: : lngestlon !nhah!ion e Average
Atomic Radicnuclide Class ‘A Water * Concentration
o . i ,(pcf) WCE) - (uCi/an) (uct/-u (uCifal) .CuCisal).
787 Tungsten=178 0, a1l compounds . " sEe3 24 BE-S 368 175 e
. 7. Tungsten-1792 0, a1} compounds SEe5 2E6 '75-A 266 7€-3 L7E-2
74 . Tungsten-181  ° 0, all compounds I 2] wS© ses 0 2ed - 263
74 Tingsten-185 D, all compounds 3. - 7N 36 9-9 - -
- : , LT wall, A . )
(3E+3) . - - - 4E-$ 4E-4
7. Tumgsten-187 D, al) compounds. 263 9E+3 at-6 168 365 364
4. Tungsten188'. D, all compounds : apv2 . aey seed 29 TR T -
e . . LI wall ' -
, o (sEe) - - - 766 7€-5
'lheniurlnz ‘0, a1 :c-pomdl uczpt - N . '
. - - thase ginn for ¥ : SEed  © 3EeS DMeed L CeE? - -
5t. wal) ‘ o .
. 1605) . - . - “2£-3 262
A onm hydmidu, . ‘. - :
T oand Mtntu . - 4E+5 - 1E-4 5€-2 - - )
75 Rhentm-1782 D, see m,, A 7604 345 D1E4T 4E7 - -
o i} ' SIS A . -3 162
o ; e - . - . 1. .
_ .. W, s 177:. e ¢s5T TN AT - -
75 Rhenfum-181 D, see ma. R 9Ee3 46 1B TE-S 764
: : © Wl see - SEe3 T aEs 168 - . -
Rhenju-182 D, see }nae 743 1E+4 "SE§ - C26-B 9E-5-  9f-4
: (12.7 h) v, see 1772 ce s 2644 6E-6. 268 .- =
757 Rhenfu-182 0.0, see 3770 , 1693 2663 . 16 . -3 25 264
CUUE0h) ¢ Wesee YRe - 263 oE-7 -9 . -
75 Ghenfurlsén D, see 377k %3 3603 7 2 TE-9 35 364
oy see g, - 462 27 L u6El0- - . = -
N ¢ . . . . . .ot . -
75 Rhenfuw-184 0, see 37780 2843 I BT SE-8 35 -4
. ' . see ' Re . 1E+3 . - 6E~7 * 2€-9 - -
75 Rnentur-186a O, see 17ne : mz ... %9 77 - - -
. . . St. wall St. va L : .
- 77 (zm) (2643) - = - -9 265 2E-4
. ¥, see 771 . 2642 668 . ‘26-10  -. -
“.75 " Rhentum-186 D, see {;77“ . 2803 33 -6 AE-9 3E-5 34
- L see g S 2643 . 67 A9 - S
755 Rhenfue-187 D, see 17ne T GEeS BEYS . - AE=4 - . BE-3  BE-2
' . e (;E"'s:m ’ 1E-6 _ ‘
- + - -, - - -
. ¥ see 1o - 1665 s 161 - -
75 Rhenjur-eta? 'l 0, m e s gEd . 2645 665 267 163 162
: Re - " 3K 6E-5 - - 267 - -
75 Rhenium-188 . - D, see 13 . 2603 el - 1B~ B9 . 25 264
' . . S00 ° : .- 3!{1 . 1E~6 4E~9 - - .
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Table .l . Table 2 Table 3
.. Occupational Values © Effluent Releases to
N ) Concentrations Sewers
Col. 1 Col. 2 Col. 3- Col. 1 Col. 2
Oral - . Monthly
’ : Ingestion ~_Inhalation . Average
Atomic Radionuclide Class ALY - Ate Water Concentration
No. (ued) (El)  (uCi/m1)  (uCI/1)  (uCi/ml) (uCi/m1) .
75 Rhenfum189 D, sea 177pe 33 SEa3-. 26 769 AE-5 Ty
W, see “"‘Re - . 4E*3  2-6 U132 B T-
76 Oseiue-1807 D, all compounds except - L
. those given for W and ¥ 1E+S AE+5 2E-4 5E-7 T 1E-3 - 1E-2
W, halides and nitrates -  _ "SE+5 4. 7T~ -
Y, oxides and hydroxides = SE+S 26-4 6E-7 - -
76 Osaiu-1812 . 0, see1800g JEea’ AEs4 . . 265 . - GE-8 26-8. 263
. V, see wao; . - - - SEed 26-% 6E-8 - - .
Y, see Ds. - A+, 26~5 - 6E-8- -~ -
76 Osefum182 D, see 120 %3 6E9 265 BE-g - 3E-5  3E5
¥, see 1800’ - L132> B 266  6E-9 - - -
Y, sea Os- - 4E+Y’ 26 ' BE-9 - -
76 Oswiue-185 0, see 10005 2803 5ge2 267 7E-10  3E-5 - 3E-a
k . ¥, ses ;.05 - 8E+2 3E-7 - 1E-9 - -
. . Y, see 08 - - 8E«2 3E-7 1E-9 - -
% Osuiver18% 0, see 15005, BE+4 245 14 37 263 i-2
’ ¥, see (5008 - 2E¢5 T9E-S ° 3E-7 -~ =
Y, see 180g¢ - 2E5 7€-5 28-7- - -
76 Osaive-191n D, see 1805, . 164 3£ 1€-5 4E-8 - ZE-4  2E-3
¥, see 30008 - . 2Ee4 | 9E-6 3E-8 - -
Y, see 1800 - 264 76 - 26-8 - -
7 Osafum-191 Oy see 2% 2E3 260 9%-7  3E-9 - - .
. B L LLY vall . . )
" 180 (36e3) . - . - 3E-$ -4
v, see 15005 - 2E43 7€-7 290 - -
. Y, see TTD8 - 1€+3. 6E-7 . 2E-9 - -
% Osaiun-193 D, see 1804 2603 5Ee3 26-6 . 6E-9 - -
: . . "Ll wall LR |
: 19, (2E+3) - - - -5 26-&
. ¥, see moo: - 3Ee3 1£~6 4AE-9 -, -
Y. see 180 - 33 -6 B9 - -
7 Osafua-194. D, see 18005 AEe2 191 -8 6Bl -. -
tetn o BE-§ 8E-5
Y . - . . .
¥, see 18005 - 6Es1 28 | Bl - -
¥, sea-"- 08 - " BE+0 3E-9 . 1£-11 - -
7 .. Irldh.-lszz o, al? co-p;:nm\dl u;cept . . . o
- those givan for ¥ and ¥ 4E+4 1845 . 6E~5° 26-7 - -
. st wan : :
. (4E+4) - - .- 6E-4 6E-3
° ¥, halides, nitrates, :
and metallic tridfum - - 2E+% 6E-5 26-7 - ~ .
_ Y, oxides and hydroxides = 1645 "SE-s 27 - -
n Irigiun-184 0, see 121r 8Ee3 2644 16-5 3-8 1E-4 1E-3
¥, see 182" - JE+4 1E-5 SE-8 -, ~
Y, see “¢Ir - * 3644 1E-5 4E-8 - -

B-36

ODCM Rev. 25

Pl



56 FR 67857

.

APP-B pART20 STANDARDS FOR PROTECTION AGAINST RADIATION . APP:B .

R .S Tablel - | Table 2 “Table 3
‘. 7 ODctupational Values - Effluent ° Releases to
. . : Concentrations Sewers
: . tel.1 . Cot.z -Cl3 Cl.1. Calo2 -
- . . Oral - ot Honthly
. ’ C - - - Ingestion " Inhalation . Average 5
Atosic Radionucl{de Class . R ¥ | Afr Water . Concentration
Moo, T, o LR (7 ) DR ("4 ) (uCi/m1) -(uCi/m))  (uCi/al) (pCi/ml)
7 Iridim-185 D, see 1525r SE43 1+ . SE-6 268 TE5  IE-4
) W, see 182" . - . 1E+4 SE-6 L8 T - -
Y, see Ir L. P 131 -6 . -16-8 - -
7 Iridio-186 0, see 19215 - ey BE+) "3-6T 0 M-8 365 3E-a
. . . W, see 182ll' - . 6E+3 3E-6 9E-9 - - .
Y, see 382 . - - 6Ee3- . 2-6  Bf-8 - - : !
7 Ieidim-187 . D, see 182 | 1 ages " 165 St-8  16-4 1€ - - «
- W, see .'“zlr - JE+4 -5 4f-8 - -
, Y, see 38y . L. 3Ee4 :%-5  4E-8 - -
7 Ifidime-188 D, see 3821F . T - . 2pey . SEed T 2.6 6E-9 €5 U364
R V. see 1221r - 46+ IE-6  SE-9 - | R
. ¥, see 3%7r S 33 266 SEe8 ., - -
7" Iridioe-189 D, see 125r 5643 SEe3 | 2EB e - . e oo
oo : : . il vanl L : .
T 182 : (5e4 - P T e 76-5 76-4
. vyosee B82p. 443 . 266 SE-9 - . = .
. . Y, see 389p T e - 4Ee3 . Y66 BE.9 - =l
T Iridieclsos’ D, see 3821r° I apes ¢ 2Ees 8-S -7 263, 26-2
- W, see 32217 L= % - 2Ees - SEe8 T 37 - - -
- Y, see Ir . Te 2848 | BE-§ . | 2E-7 -, ~
7 Iridieel%0 D, see 3821p - T 1Eey - SEe2. AE-7 169 25 1E-4
. W, see 182" ’ R . 1E+3 4€-7 - 1t-8 - ’ - :
Y, see Ir | TR 137 4E-7 . 19 -~ L : - .
T Irfeterliz D, see 3ie o D 0o ape 9Es1 - AE-B  1E-10.. AE-5. . AE-4 .
. : ¥, see 3 oIr - teoe . 2642 SE-8 - - [ 3t-10 - -
_ _ Y, see 1821¢ .. 2641 669 21 - -
77 Iricieelsz, B, see J020r .. 8s2 3o . 167 Tat-l0 1650 164
: L W, see ;ooIr - © AEs2 2E-7 " BE-10 - -’
Y, see Ir | e 2E42 9E-8  3E-10 - . -
. Irigioe-154a" D, see J221¢ S 12 9E¢2 . 4E-B .  1f-10  9E-6 - 9E-S
: W, see 3821 . - 2642 JE-8 20 - e
. Y, see IP .- <1E42 AE-8 1£-10 - -
77 7 Irfdlm-134 D, see 120ir 43 3. €6 -AESY A5 . JE-4
: ¥, see 1221 S 243 0 BE-7 Y - .
.. Y, see “““Ir. to- 2643 BE-7 ., 3E-S: - .- .
7 Irfdie-l19e D, see 1521 . a2 1E-5. -8 . 14 1E-3 .
- M, see 2221r - . ©3ged - 1E-5°7  AE-8 - -
- Y, see Ir - . 264 T9E-6 ;0 3-8 . - i
. Iridl'l_n-lss .- .b, see %:glr T tped -+ AEed . 2E"5  “GEeD.- 26-4 - 26-3
o D Wlsee 3825p 0 coee < SEed | . 265 . TE-§ - - -
ot Y, see “CIr. . Lo 4544 F4 3] ,‘Ebll -, croen
78 Platinue-1s D, a11. compounds oA . AEed | 26587 - SEB - 264 2€-3
78 Platinm-18 D, 311 compounds 263 2Ee3 77 29 265 24 -
. 78 Platinum-189 D81l compounds ¢ . lEed . 3Eed’ s - a8 - 164 163
78 Platinm-191 D, a1l compounds " a3 - 8Ee3 46 1B - SE-5  SE-4

. B-37 , . ODCM Rev. 25
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Jable 2 Table 2 Table 3
. Occupational Values Effluent Releases to
T Concentrations Sewers
Col, 1 tol. 2 tol. 3  Colo 1 -Col. 2 .
Ora} . Monthly
.- Ingestion Inhalation Average
Atomic Radionuclide Class ALl . Afr Water Concentration
Ho. . : (uch) (uci) (uCi/m1) (uCi/m1)  (uCi/m1) (uCi/ml)
78 Flatinua-133a U, all cospounds . IEeT. BE+3 JE-B BE-3 = .
: (L walt ‘ - :
. .. ‘ (3E+d) - - - 4E-$ 464
.78 . Platinua~193 D, all compounds AEd 2604 15 3-8 - -
: A LLE wall
(5E+4) - - - 6E-4 6E-3
78 Platinum-135a D, all compounds 2603, . g 26-6 6€-9 - - )
. S - LI wall : o
. , ‘ (2643) -, - - IE-5 3E-4
78 . Platinue-197a% 0, al) compounds - 2Ee4 4Ee4 2%-5  6E-8 264 263
78 Platipme-197 D, a1} compounds 3E+3 14 AE-6 1E-8 AE-ST - 4E-4
78 Platine-133 0, all compounds _ 1E+8 6E-5 %7 7E-4 7E-3.°
78, Platinm-200 - 0, all compounds . 163 - 3E9 1£-6 SE-9  26-5 2E-4
19 Gold~193 . 0, a1 compounds excopt. ' : :
. those given forW and Y -~ SEe3 3E44 . 1E-5 | AE-8 1E-4 1€-3
¥, halides and nitrates - 24 9-6 ©  3E-8 - -
Y, oxides and hydroxides: - 2604 BES 3-8 - -
79 Gold-1M - g, see 133Au 3E+3 8E+) A6 18 - AE-S -4
. : ¥, see 133“" - S5E€+3 2E-6 . 8E-9 - - -
) ; : Y, se¢ Py . - 5€¢3 26-§ 79 . - -
79 Gold19s 0, see $3%Au SEe3 - 164 JSE=6. . 268 . TE5 . 7E-4
N v, see-72%Ay - 1£03 JBE1C. 26e9 - -
- . tee’ Ay - 4Ee2 L 2E-7 6E-10 - -
79 .Gold-1%8e 0, see 12%u €43 3E4) . 168 - AE-9 1€-5 1E-4
- » see 133 - 14 SE-7, 29 . - -
, tee 1334y - J1Ee3 561" -9, - -
79 Cold-1%8 0, see 1A, 143 g9 26-6  SE-9  26-5 264
» see 1034 - 2E03 8E-7.  3E-9 - -
. Y,.s¢e A - - 2E+3 7€-7 . . 2E-9 - -
79 Gold-199 D, see 193, ° 3Ee3 9E+3 AE-6 . 1E-8 - - .. ,
. ] S WL vall - .
193, (3€e3) . -~ = =" - . A4S AE-4
v, see 1% . sE9 266 6E-3° - -
. see 1%y . AE+) 266 SE-9 - -
79 Gold-200m 0, see 190Au 1603 g W6 S 265 264
, se® 193Au - k123 ] (1E-6 4E-9 - -
. Y, see Au - 2844 1E-6 3E-9 - -
79 Cold-200? 8, see 233 12 6Ees IS 9-B . AE-4 . AE)
, See mm - 8E+4 . 3E-§ 1£-7 - -
. Co . A, - 764 IS 17 - -
" 19 Gord-2012 D, see 19y TEek - 268 S8E-8 3T . - -
‘ St, vall : .
193, - (9E+4) - .- - 1€-3 1€-2
¥, see ngAn - 26+5 S 1E-4 . 3E-7 - -
Y, see Ay L - 2E+5 . 9E-5 3E-7 - .-
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

- Table 1 - Table 2 Table 3
L Occupauonnl Values Etfluent Releases to
R Concentrations Sewers : ‘-
Col, to). 2 o). 3 o)1 Lod2 -
. Oral, : . . T "Monthly
, st : . ln?esglon Inhalation Average
- 'Atomf¢ Radionuclide Class Atl. - . . Alr Water Concentration
No. - - : {wei) - (Ci)  (pCi/m1) (uCi/m))  (WEi/m)) (pCi/m))
© B0 . Mercury-193m Vapor o 8E+3 AE-6 lE-8 s i s
o Organic D AE3 164 SE-6 2E<B SE-5 - " BE~4 .
- D, sulfates 3E+3 9E+3 4E~6 - 1€-8 . 4€-§ 4E+4 .
‘W, oxfdes, hydroxides, ' |
lulldes. nitr-tu. and . .o .
. Lsulfides N - 8643 366 1€-8 - - .
0 Mercury-193 “Vapor . ) -5 AE-B . -
. S Lrgante D zsoa -BEed 3E-S 9E-8 3€-4 -3
D, sée ,,"'Nq - zs« 4t - 25 GE-B - 2E-4 263 .
¥, see 1938y . 4B 26-5 6E-8 - -
80 Mercury-134 vapor” ¢ - - 3Ee1 -8 ag1l . 0 = .
o organtc 0 1t T 24 31 1B 4E-11 . 267, 26 - L
. D, see i R CBES2 . 4Bl 2E-8. ._ BES1l - 165 1E-4 '
_ . Veosee 1g < 0 12 .- SE8. 20 - -
T80 . Mercury-195e . T e AEsY - 266 B9 e = <7
S Organlc 0 C . 364 CEE | 3EEV BES9 L 4E5 . AEd
'u. see 15 Vg TZEed’ n SESd | oo 2E°6T 7E-9 35 3E-4
L, hﬂn It i 26 S8 s s
88 Mercury-195 - - Vapor » - 3644 ‘165 4E-8 . .
B Orvtnic 0. 2Eed | BEs 250 - 68 ze~4 'z:- ’
~  Dise 1930 T I T 2 T = ST
L T Wose I’J'Mo < F e eS| ses . - - - :
. w ) Merc 197 c . v . .. - . SE., zE.s - 7[. .' e --‘,
: Ay o,,.,‘c 0o ag+i 943 46 168 - SESU5E4
0, see "ug % * 3pes - 7603 - 6 L8 AE-S  AE~4°
Vsee 198y = JSEY . 266 7B e o =
80 Mercury-19 Vapor® . . o 8E%) 2 T el
e ury=137 Omhit s 78 1E+4 , 66 zF-g. E~5 . 9E~4.
"0, se e ‘63 - - l6ek. . BE-6. 2B LBES  EE4
_ v ’o: "3.“0 ;o - L % aE-5. 168 - -
80 Mercury-199a2 .  Vaps Sl - O BEes 35 M - -
- . Organie p - st 2645 7e-5 26-7 - .-
} - L. wa .
. .. . (1E+5) - . . - 1£-3 . - 1E-2
- 0. see 3'ug e+ - BEsA " " 1EeS §ES .- 267 BE-4 . BE-3
W, see 19 : L - 2645 CrEs. 27 - - .
. I NS . - a -
"Mercurys203 - Vapor . . - . 8£+2 TaE-7 -9 .- - ‘ .
i orpantc 8 C . 562 8Ee2 367 16-9 76 765 - .
~ ™ ok Rl ) -
D, see. . L2843 1603, SE-7 S 2649 3E-5.  3E-dA.
LT Wise 1528 . L - w3 SE? . 29 - L 7
81°  Thallfw-134a?. D, an tolpoundx ) .gioi " 205 N 7., - o
X . wa . - - ‘I'E.J . 1E’2

(7E44) ‘. .
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" Table 1 Table 2 Table )
- Octupational Values © - Effluent Releases to
. Concentrations * Sewers
Col. 1 Col. 2 Co). 3 Co’. 2 - Co). 2 :
Oral . Monthly
. ’ Ingestion Inhalation ) . Average
Atomic Radionuciide Class, ALt Air Water  Concentration
¥o. - ety ety T (uei/ml)  (uCi/ml)  (pCi/ml)  (pCi/al)
81 Thalliw-1342 0, a1} compounds - S, . BES -4 BE-7 - -
. : 5t. wall -t .
. (3E+5) - - - Ag-1 4g-2
81 Thalltua-1352 D, al) compounds . 6Eed 16§ SE-5 26-7 9E-4 9E-3
8L Thalltue197 0, 1) compounds e 1605 S5 27 1B} 162
81 Thal}ium-150w? D," 311 compounds S3Ees | SEed 2€-5 8E-8 4€-4  2F-d V

1E-S. 5E-8 3E-A. 3E-Y

81 Thallfwwl98’ O, all comounds  © ZEA - 3Eed
. 8l  Thallivw-199 D, 211 compounds BE+4 . (1373 ) 3E-5 1E-7- 9E-4 . 9E-3
' . 8L Thallioer200- D, all compounds .~ BED 1644 . 5E-6 28 LTI %
81 Thallfm-201 0, all compounds 20 264 96T 6B 264 263 .
8t Thallfu202 D, al cowounss . 4B 563 266 TE9  SES SEd i
8. Thallfuez08 D, a1 comoumds - . - 2693 243 €7 39 265 264 T
82 . tuc-1sse? <0, all compounds BT . 265 . .BES . 36T BEA. - BESD
8 ted1 o, '.én compaunds 2 BEsA . 3-8 3-8 AE-4 s
82 (ead199% 0, a1t Compounds 2604 ' Jeed, 3%-5 1€-7 -4 33
82 tesd-200 . 0;'a)) compounds 3N} + | 6Eel. . 36 . 9E-9  4E-S AE-4 .
82 (a1 0, all cowounss . TEd ztek R )
8. Leaw202s D, 81 compounds BBl 3Ee T 168, 4EB 164 163
82 Lea202 0, all compounds - 162 56 266 . el 26 265
8 tadind O, all compounds  SE\3  ©  9fe3 s 18 TES 96
62 - (ead-208 0, a1l cowpounds BTN TR T 66T .  26-9.  SE-5  SE-4. .
8 tad209 0, a1 comouids | 2 6E+4 2% ees 34 %) '
82 Leac-210 0, all compounds 6E-1 %1 110 - - s
s ) ' o (gg%)’m e . 613 18 167
82 ma—‘zu? 0, all compounds 1644 | - 6Es2 A7 9E-10 2%-¢ -3
81 . lead-212 ", all compounts ofe1 | el | 168 Sl - -
. caen™ oo . - s s :
82 Lead-2142 D, all compounds - 963 8602 T 19 16 1€-3 .
83 Bismuth-2002 0 nitrates 3644 8Eed . AE-5 1T . AE4 L 4E-3 {
L . W, al) other compounds’ . - 1€+5 .+ 4E°5 187 - -
83 B1smuth-2012 D, see 20004 C1Ee et 1€-5 48 264 26-3 .
: . . W, see <81 - dees 26-5 5e-8 - - T - i
8 Bsmuen-20? 0, see 300 1648 sged 26-5 S8 24 26 :
: W, see Y] - - 8E+4 JE-5 1£-7 - .

B-40 ODCM Rev. 25
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App B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

' B-41-

., Table 1 Table 2° Table 3
< Occupaticnal Values . Effluent Releases to |
. » R . . Concentrations -Sewers
Col.3 _ Col.2, Col.3 Col.l Col.22
. oral . . ) Honthly
: Ingestion ' [nhalatfon’ Average
M.oulc Radlonucllde Class ALl . ter, = Con:mtnﬂon
“No. - ) . : Wet) ). (uCi/m1) (..cu-n (uCi/ll) (ptilll)
83 Bismuth-203 D, see 20081 264 7643 6. 9E-9 365 :E-
S ¥, see 2008 - . GE" 366 SE-9 - :
83 81smuth-205 D, see 20085 €0 343 1€-6 -9 - 265 264
‘W, see 29034 L 1 5€-7 2E-9 - e
"8 Bismuth-206 0, see 200n1 6642 - 1643 -- BE-7 29  9E-6 . 9§
- . W, see 2005 - 92 e 18 L - (e
81 . Biswuth-207 B, see 20081 1643 203 7E-7 269 7 1E=5 164
. . ¥, see 2%%1 - Ee2 €7 5e-10 . =- ..
83 . Bissuth-210a ° D, see %1 - - JAEL Y SEel 2t-9 - - -
: - .. . " Kidneys ** lldneys .-
" 4oo * (6E41) (5E20) - .. 812 87 BE-6
¥, see 200p4 - £-1 30 91y - -
83 eisauth-210 D, see 2008y 8Ee2 -1 .° zzoz €7 - 165" " 2E-a,
.. , 200 : . . (4502)’ - SE-10. . ° - -
. . v, B4 - Tk s el - -
83" Bismuth-2122 D, see m,u SEed°. - zm 177 310 765 TE-4
cr W, see <TBY (oo " 3Ee2 -'15‘7_ 4£-10 - S
n Bismuth:213? © D, see 20081 7603 - - '::cz 1-7 ° 410 14 " 1E-3.
4 W, see 200g; - CL aEe2 -7 . SE-10 _ -
83 Bissuth-2142 D, see 2% " 2608 .0 gEw2 387 T T -
' el o - O S R
. v, see 2008 e T e A7 9 - -
34 Polonfum-2032. . D, al compounds except e T . . .
K those given for ¥ . 3Eed 7. gEed 3E-5 9E-8 3e-4 3€-3
¥, onides droxidu " . ceot T -
. and ntmh:" Pire T s 46s 17 - -
polontur-20s2 0, see 203po 2604 AESS 265 - SE-B 34 -3
_ . Wraes B3pg e . Ted 365 7 67 - -
Polontum-207 . D, see 2035 ' omEe3, . 3£ . 165 - 3E-8 1E-4 1£-3
W, see “"“Po - IEM4 1£-5 . .4f-B - -
84 Poloniim-210 D, see Bpe .- e F eEed 3€-20 . 9E-13  A4g-8 . 4E-7
. V, see 0%, | L, . 6E-1 320 913 . . -
25 Astatine-2077 D, halfdes = ' .. 6E43 " 3E®) C 66 - AE=9  BE-S B8E-4
: : v - 2E03 SE-7. -3 e -
85 Astatfne-213 D, halfdes: - .., 12, © BEsl - _ 3-8 1610 266 265
: : v wile SE41 -8 . BE-11 - -
86 Radon=-220 " With daughters . . S
v resoved . - 2E+4 7E-8 2%-8 - -
With daughters e . : . A
present . 2601 SE-§  -3E-11 - = 1. . -
L (or 12 working (or 1.0 - .
Tevel months) \nrkinq .
. . level) -

App. B
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App. B |

PART 20 . STANDARDS FOR PROTECTION AGAINST RADIATION:

A pp?B

- Table 1 Table 2 " Table 3
Occupational Values E1flvent . Releases to
. . L Concentrations - Severs
Col. 1 Col. 2 Col. 3 " Col.1 Col, 2 - .
Oral Monthly
Ingestion Inhalation . ' Average :
_Atomic Radfonuc)ide Class ALl L Afr Water  Concentration
* Nao, : B (4)) (uci) (uC§/m1) (uCi/ml)  (uCi/ml)  (uCi/al)
86 Radon-222 With daughters )
removed . - 1E+4 AE-6 1E-8 - -
With daughters -
present - 1E+2 3E-8 1€-10 - -
(or 4 working (or 0,33
Jevel months) working
L. _ level)
87 Francim222® 0, a1l compounds 2643 S€e2 -7 6610 365 364
87 Franciue-2232 D, all compounds 6E+2 BE+2 3E-7. 1E-9 BE~6 8E-5
88 Radfue-223 .© W, all compounds SE+0 7E-1 k10 9613 - -
: -Bone surf . :
. (9E+0)- - - - 1E-7 1E-6
88 Radiue-224 W, ali compounds . BE+0 " 2600 €10 12 - -
- . ’ - Bone surf . .
. . . (2E+1) - - - 26-7 26-6
88  Radium-225 W, 11 compounds “gEv0 761 310 w9613 - -
: . Hone surf : : ’
o (2E+1) .- - - 267 ‘2E-6
aa Radiue-226 W, ‘all compounds 2640 6E-1 10 - 913 - -
' L Bone surf L. .
. (SE+0) - .- - " 6E-8 6E-7
88 Redfum227? W, all compounds 04 . 1Ee4 66 - - - -
- Bone surf Bone surf : i
. (2£8) (2Ee4) - 3-8, 3E-4 3E-3
88 . Radius-228 W, a1 compounds - 2E+0 1640 SE-10 26-12 ¢ - -
Bone surf .. .
] (AE+0) - - .- 6E-8 6E-7
- 89 Actinfum-224 D, a1l compounds except . '
. those given for W and ¥ 2E+3 3EL1 1e-9 - - -
' LL] wall  Bone surf Ll .
. ) _(2E43) (4E1) - c.oosEll 388 3E-4
“ W, halides and nitrates - SEel 2E-8 710 - -
Y, oxfdes and hydroxides - SE+1 2€-8° 6Ell T - -
. . . . BERY
89 Actintue-225. D, see 2%ac SEel . -l - 1E-10 - - -
. ’ T L1 wall Bone surf . . .
o) . (SEs1)  (SE-1) - ol Ter 76
¥, see 22ac. - 6E-1 -0 %13 - -
Y, see 3¢ > 6E-1 310 913 - -
89 Actinium-226 0, see 24 1642, © 3640 1£-9 - - -
. tLl wall 8cne surf -
22¢ (1€42) - (4E+0) . SE-12 28-6 2E-5
W, see o5 AC - * 5E+0 2E-9 - %12 - -
Y, see A - 5E+0 - 26-9 6€-12 - - -
. - .
89 Actinfue-227 D, see 224c 26-1 4E-4 %13 - - -
. Sone surf Bone surf -
28 (4E-1) . (BE-4) - 1E-15  SE-9 5£-8
W, see Ac - 2€-3 76~13 - - -
: Bone surf
228 - (3E-3) - 4E-15 - -
Y, see Ac - 4€-3 26-12 6E~1S - -

B-42
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App.B

B-43 ..

1€+1

- - <. Tablel Table 2 - Table 3.
: Dccupnional Values - Effluent’. Releases to
H ) Concentratfions Sewers
- - Col. 1 €ol. 2°  ¢Col..3 Col, 1 Col. 2
' : Oral : Honthly
L Ingestion - Inhalation . Average
Atomic Radionuclide D Class [ e ALt U - Afr Water  Concentratfon
No. . o (wei) WC1)  Ci/a1) (uCi/ml)  (uci/a1) (oCi/al)
89 Actinfum-228 . n see zz‘Ac T ey GEsD - 4E-9 - 35 3E-4
. . - Bone surf .
22¢ . (26+1) - 2611 - -
¥, see Ac . 4E+) 2E-8 - - -
’ Bone surf - s
. 224 {6E+1) - Bl - -
. Y, sed 4E01 288 §E-11 - -
90 Thorium-226° v, all co-pomd'l except . : .
’ those given for ¥ - SE+3. 2642 ;- GE-B 2E-10 - -
‘ S St. wall . . .
(5E+3) - - - 75 TE-4
) Y, oxides and hydroxides - © - 1Ee2 GE-8 2E-10 - - -
%0 Thoriwm-227 ~ W, see 2¥mm ;- 1602 -1 1E-10  SE-13- [ 2E-6 265
. Yosee - . 3E-1 -0 SE-13 - - -
9 Thorfwm-228- V¥, see 2m +. . 6E+0 *¥-2 42 - - - .
. ¢ ot B - Bone surf Bone surf . . .
22 . (1E+1) (€-2y - I 267 266
_ Y, see 227y .. R 2€-2 €12, -4 - -
9 Thorim-229 . W, see 25T " 6E=2 SE-4 g1 - - -
s . ’ . L * Bone surf .Bone surf T . .
T (1E+0) (26-3) “. . 3-15 28 26-7
Y, see 2 - 26-3 €12 -0 - - -
. . Bone surf T .
) o N Lo - (3E-3) - 418 - -
S0 Thorlwr230 - W, see 25m - 4E+0 6E-3 ¥R - - -
. - T, Lo Bone surf Bone surf ! . .
236 (5E+0) 2E-2) | = 21 - 1T 1*-6
Y, see 2261 - -2 ° ez - - -
. tL * Bone surf ..
. . : (26-2) - S U -
%0  Thorfwr231 Mo 38 4e43 66+ . 3E-6. - SE-9 SE-5 SE-4
" Y, see 226 . 6643 - 36 99 : -
S0 Thorfum-232 ¥, see 225y 71 . 163 o sge13 - - - .
o oot N Bone sur? Bone surf - ~
" pape (z:oo) (3E-3) - 4E-15  3E-8 3E-7
v, see 2260 . -3 1€-2 - - -
' Bone surf I *
- EER (46-3) - 615 . - . )
90  Thortum234 V,see 2y 3pe2 ot 2Ee2 .. BE-S . 320 - -
: IR : (5':"1:')"" Sl "SE-6 - 88
. . “(4E+ . - .o g - . - -
: Y, see 22 oo © ez 6EB - 2100 - -
91 mncuniu-znz v. an :oqmmds exc ept S - ) -
those givm for Y- TS T ) SE-B 2E-10 SE-5 ~ SE-4
: Y, oiides and hydroxidd . et ags 210 - -
"SI rotactintum-228 v, see ZTpa 1643 {1Ea SE-9 .- - 2657 24
Bone Slﬂ"f
. 226 - (2E+1) - ¥-11 - - .
Y, see Pa - 'SE-9 2E-11 - -

ODCM Reyv. 25
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App.B - ~ AR AN ' App.B:
PP- 2 PART 20°'° STANDARDS FOR PROTECTION AGAINST RADIATION Pp.. B
~ Table.1 Table 2 Table 3
Occupational Values Effuent. Releases to
Concentrations . Sewers
Col.1  Col.2 -Col.3 Col.l Col. 2 -
Oral . i Monthly
Ingestion Inhalation’ M +  Average
Atomic Radionuc)ide Class AL . - Afp - - Water . Concentration
¥o, : : - 3 QCi)  (uCi/m)) (uCi/m1)  (uCi/ml) (pCi/ab)
91 Protactinfum-230 ¥, see 227ps §E+2 Csped 2% €12 - - '
. Bone surf )
227, (96+2) - : - 165 164
. Y, see Pa - 4E+0 1E-9 5E-12 ‘e -
51 Protactinfim-231 W, see 27Pa 2%-1 2623 sEe13 - - .
. Bone surf .Bone surf . .
226, (5€-1) (4E~3) ‘- 6E-15 . 6E-9 6E-8
Y, see ““OPa .- 4E-3- 2E-12 - - -
' Bone surf . o
. o . (6E-3) - BE-15 - -
9 Protactinfue-232 W, see 227pa 1643 2692 93 . - 25 264
.. 8one surf .- -
227 . (6E#1) - - el - -
Y, see ““‘Pa - (135 S 2€-8 - .- A
. * Bone surf ) .
' - (') - ‘1pe10 - =
91 Protactinfum233 ¥, see 227pa I = A -
: _ LT vl - L ] .
T (2E+3) - - 0. TS 26-4
o t; see 2202 - 6E+2 2-7 -- 8610 - < -
91 Protactinfuw2d4 W, see 200a 2603 BEed -6 18 3E-5 -4
o ) ¥, see ““‘Pa - TE+3 3E-6 9E-9. .- o .
92 Uraniue-230 Dy UFe, U0sFg, U05(NDy)y  4E+D AB-1 . 210 - - C .
. - Bone surf.. Bone surf . .
. : * {6Es0) (6E-1) - 8E~13  BE-8.  BE-7
W, Uye UFy, UC - 4E-) -0  SE-13 - -
. . Y, U0z, U30, - < JE-1 C1Es10 4ESD) -, -
92 Uranfue-231 - 0, see 2% SEe3 - BES3 . 36 12 S :
S L . (I.IEJJ\)-N) . . 6E-5 SEl
. 4E+3) - - -~ - -
v, see 20 - 6E+3 (266 . BE-9 - -
L Yo eee B0 - - SEe3 266" g€ - _—
. 92 Uranlm.‘:nz 9, see 230y- . 2E+0 L2891 9t-11 - - .
o + ‘" gone surf “Bone surf . .
20: - (4E+0) (4E=1) - 6E-13  6E-B 6E-7
W, see 2300 .- g1 26-10 . 56-13 - -
o .Y, see 230y - BE-3 - ¥E-12°° 1M - L.
92 Urantum233 - 0, see 230 Il T 1Ee0 %0 -, . - -
. Bone su1f  Bone surf
230 (2641) . (ZE*0) . - . - 312 37 3€-6 . :
. W, see 53U - . 7E-1 3E-10 1E-12 - <. :
. N ¥, see T7UU - - 4E-2 2E-1) SE-14 - L. ;
92 uranfuez3s® 0, see 2% 161 -1€90. 510 - - o~ . - i
s Bone surf Bone surf - . . . . :
P gy (2E41) ¢ (2€+0) - L2 377 3E-6 f
W, see. 2300 - 7€-1 =10 T 112 - - !
Y, see (1 - .- 4E-2 2E-11 - SE14 L. - '
B-44 ODCM Rev. 25
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App.B

PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION-

A._A.pp- B

B-45

- .~ Table:l Table 2 Tabie 3
Occupational Values Effluent Releases to
. . Concentnqons Sewers
R "Cole1  Col..2 - Col. 3 Colcl Lal. 2 .
Cral Monthly
: Ingestion Inhalatfon Average -
Atosic Radionuclide Class * . © ALl . Ale vater  Concentration
CoMe _ T P uen) GCI)  (uCi/m1) (uC1/M1)  (WCi/m1) (uCi/aml)
92 Uranfue235® D, e zsou' Ll géoo , 60 - L. .
. . AR ! one sur one sSur . -
. 230, - (2E01):  (26%0) - 3E-12 37 3E-6
¥, see 230U - 8E-1 3E-10 )12 - -
Y, ste u. ) 4£-2 2€-11 6E-14 - -
© 82 Uranfme238 0, see 230y S S L S0 - . - -
- .. * Bone sur one sur
.- 2% (2£41) " (2E4D) - 7 312 347 3;E-6
. W, see z:o" - 8E-) 310 1612, - bl
] . . Y, sea 230y ; - 42 26-11  GE-l4 - -
92 Uranjoe-237 D, see 23°u ‘ AL 3 TN 18T 4E-9 - .
wa » . . .
P 230 .. (2[0)) - . ., -, - 3E-5 E-4
v, see 2300 - - 20437, T 7647 269 - = -
. Y, see 230 - 29 EE- 26-9 - -
92.  Urentue-2383 D, see "’”u v e goo f‘ 6E-10 .-- - . - =
. . . : " Bone ne sur ..
~z:o ©(2E) (2E+0) - - . -2 7. -6
¥, see 210 ' L. 8t-1 3E-10 1E-12 -
Y, see 230y, - 4E-2 2611 Bl v -
92 ursniwme239? . D, see B0 ¢ 764 ZEe5- - BES5 37 SEe4 9E- :
: ¥, see zmu St o 2645 * JES5 . 267 - - -
. Y, see v Jo- 2E+5 . 6E5 . 267 - = -
82 Uraniom-240" D, see ﬁgu TUIEeR 4Eed o 266 © SE9 25 264
L - ¥, see 230" - 3E¢3 - 1E-6 4E-9: - -
- S Yosee B0 - 203 0 . 266 | 9 . - .-
92 Uranfum-naturald @, see 3% len e SEN0 A o -
. . ne sur one .sur R - n oL
’ 230 ¢ (2E+1) {2E+40) - 3E-12 I -6
v, see 230y 1 - . 8671 - 3610 _ “9€-13  -° ‘-
. Y, see “TU - y 5€-2 2E-11 9E-14 - -
93 Neptunfur2322 ¥, a1l compounds:® 7 gEes g 7e~7 - . 23 ez
. . L N one sur T
. o s - (5€¢2) . - 16E9 . - -
93 - Meptuniom-2332° ¥, a1 compounds ~ BEes . T 36 163 4E-6 12 1)
93 Weptuniuw-234 W, 811 compounds - L2333 166 - 4E-9 a5 . -4
"93 . . Neptunfum-235- W, all compounds’ AL £ - e
- .. . L. .. - wa one SUT M M
, s . (26+4) (1643 - .. . 29 34 -3
a ;ngiﬁn;?;’zig ¥, a1 compounds 0. 'ge-z , sz’ - . - -
. 15E+ . K one sur one sur . N .
’ ' _’ ’ . - (6E+0) (SE-2) - 8E-14° 9E-B 9e-7
. | : '.:?Im;l:;zu. ’ \I,':nll ¢ unds : 352 ;urf ‘ :Eg surf 1!-8_ " ."'.d"- . .
- ) (Ee3) | (TE41) - 1E-10. 865 SE-4
.81 Weptunim-237 W, all compounds Sl gy oER - -t
. . - . one sur one SUT . . . .
-(15‘0) " (1E-2) - " % 164 28 2t-7

ODCM Rev. 25
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App.B o e g e, S, , ‘App: B
'PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION PP =
: Tadle 1’ - Table 2~ Table 3 .
Occupational Values . Effluent  Releases to
Concentrations Sewers
Col. 1 Col. 2° Col. 3 “Col. 1 Col. 2
Oral - Monthly
. - : Ingestion Inhalation . Average
Atonfc Radionuclide | “Class . ALl L Afr Water  Concentration
No. wel) | (ucs) (uC1/a1)  (pCi/m1).  (uCi/mi) * {pCi/nl)
93 Neptunium-238 W, all compounds 1E4) 6Ee1 . 3E-8 - 26-5 2E-4
. - . Bone surf
) . - (2€+2) - ., ®EW - -
93 Neptunium-239 ¥, all compounds 2643 263 9E~7 . 3E-9 - -
’ - LL! wall . . .
: . 3 ’ . (ZE+3)- - - s . 26-5 24
93 Neptuniun-2402 W, ail compaunds : 2644 BE4 1 T T2 B 2 P12
13 Plu'tonlm-Z.'i.l ¥, al1 cospounds : . ' "
: . except Puly . BE+d 242, 9E-8 . 3E-10 1E-4 1€-3
. Y, Pu0y ) - 2E+2 BE-8 - 3B - -
84 Plutonfum-2352 W, sie 234Pu - ©T O 8pes - 3Ee6 1) 466 162 1B
. . Y, see $Pu -, 3E+6 . 1E-), 3E-6 - -
9 Plutonium-236 W, see 2Mpy - 2640 262 ° BE-12 - - .
. ’ ’ . Bone surf Bone surf . . .
224 . 4E+0) . (4E-2) - - SE-14 ' 6E-8 6E-7 i
. Y, see Sy . - B R 3% W | 3 UB - ‘
“g4 Plutoniun-237 © ¥, see 334Pu - 1644 3E . 1E%6 5€=9 . 26-4  2E-3
. .Y, see “pu - I 1E6 4E-3 - -
2 e4 . Pwtonie-338 W, see P¥pu - . B S ) 312 - et .
o . . Bone surf Bone surf. . ..
’ 23 . . (2E0) (1E-2) - . el 2B 21
. Y, see <Py .- 2€-2 ©o8E-12, 214 = -y ..
94 Plutonfum-233 W, ces. 23y g1 6E-3. | 312 - - . . )
. 8ane surf Bone surf . . . . .
. 23 .- (1E+D) QE-2y . - 26-14 2E-8.  2E-7 . ¢
Y, see <pu’ - 2%-2 7612 - - - L
. . Bone surf * . :
. . - (2€-2) - N - -
9 Plutonium-260 ¥, see 23pu 8€-1 E-3 312 - - - - . :
.o . . Bone surf - Bone surf . - N
21 (1E+0) . (16-2) . - -4 268 | 2E-7 :
Y, tee Pu .- 2€-2 . - 7E-12 - ‘- - x
.. - ' Bone surf . :
- (26-2) - F S UL R !
. : . " - . H
9 Plutonfumr281. - W, see By - ape1l - 3601 160 - - . 1
: ’ Bone surf " Bone surf ) . M
“ o (7E+1) (6E-1) =~ - - 8E-13  1E-6 - - 1E-5 i
Y, see <Py - BE-1 3E-10 - - - - H
. . Bone surf . ! ¢
, - . (1E¢D) - - 112 - - ;
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PART 20 ' STANDARDS FOR PROTECTION AGAINST RADIATION -

Table 2

»

oL

.-

A e

B-47

- Table 1 .Table 3
Occupational Values Effluent . Releases to L
. Concentratfons Sewers H
- -~ Lol Col. 2 -Col. 3 Col. 1. Calu2 - 7
: Oral. ... Monthly
s Jngestion Inhalation Average . L7
. Atomfc: Radionuciide -Class ALl . Air ter  Cancentration c
No.-" -, : (wCi) (pCf) (uCi/m1) (pCi/ml) (pcilll) (uCi/a1) .
94 Plutoniue-242 ¥, see 2Mpy “BE-1 73 312 < - e
. . _Bone surf 8one surf : et .
20, - (mo) (16-2) - 26-14  2E-8- 27
Y, see 7 Pu 2E-2 JE-12 - - -
. : - Bone surf - :
] - (26-2) - S2e14 - -
9¢ T Plutonfum-24) V¥, see gjr'u . 2Ee4 4EN " 2%-5 5E-8 26-4 263 .
) - Y, see Plpu - 4E+4 2€-5 - SE-8 - <
84 Plutonfue-248 W, see PHpy éz- 73 k12 - - .
oot . Bone surf Bone surf .. X .
- 234, - :oo) (1£-2) - . -1 28 26-7
Y, see P’ 262 712 - -:- -
. - . ’ N _Bone surf - - -
. : - (2€-2) - ‘2E-14 - -
Ead Plutonfue-245 ¥, see g 2663 SEe} - -26°6°  6E-3 365 3E-4
. P X Y, see Pu B .. 4+ . 2E-6 BE-9 - -
%4 © Plutonive-245 -V, see 2Hpy 4ge2-. 3802 €7 4E10 - -
: . AR L wll . N
P (4502) - . = . -6E-6 -
Y, see ©%u ;. - 3602 1€-7 4-10 - -
95 Asericim-2372 W, a)) compounds . BE " 3E+8 LU S | 5 -2
35 ' Asericium-2382 . W, all compounds 12 IEe3 3-8 - . sE-4 . SE-3
- ' ! + Bone 1urf
) R (1) JEE %-9 - - -
. . e : o LT . .
$5 - Aeericfur-233 W, AV co-pounds - 5Ee3 1E+4 S5E-6 2E-8 7E-5 TE-4
g5 .’ Asericium-240 W, a1’ coq:ounds- L2643 T O3E4) -16-6° - A4E-9 3E-5 -4
-85 Asericim-241 W, all colpmmds pt-1 6E-3 %12 - . - -
: Bone surf, Bone surf Lo L :
o ) J(IEeD) G QUEe2) - 0 C2E-l . 268 ¢ 267 :
95  Asericlue-242a W, all compounds . . 8E-1 63 . ¥ - . - - .
. Bone surf” Bone surf M
. ) T . (1E+0) (1E-2) - 26-34  2£- 2-7 :
95 Asericiw-242 W, all compounds - * gy 131 s - 5E-5 SE-4 o
L T Sone surf ’ 3
) o s (9E) - %10 - -
95 Aserfcium-241 . W, 311 compounds®, BE-1 6E-3 k22 - - - ;
. . . . Bone surf Bone surf - . . 7
e . 1640) - (1E-2) - 26-18 28 26-7 .
95  Americium-2¢4a? ¥, all compounds SEed . 4E4D %66 - B - i
. : . . k “St. wall  Bone surf i
} . - (BE+4) (7€e3) - - 16-8 1£-3 18-2 i
95  Americlum-264 ¥, all compounds 303 2602 g8 - 45 L4 o
B - . ’ Bone surf .. i .
- . (2 - 4e-20 - - '
95 Aserictue245 ¥, all compounds T3k 8E+s 35 . 16T AE-4 4E-3 :
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Table 1 Table'2 Table 3
R .Occupational Values Efflvent Selzases ta
: ‘ + Concentrations - Sewers.
£o), 1. ° Coli 2. fo), 3. €ol. ) Col, 2 -
Oral . . . Monthly
N e Ingestion Inhatation Average .
Atomfc. Radfonucl{de Class ALl T Afr . Mater Concentratfon
Ho. . T {pCi) 1) . uCi/a1) (uCi/edy  (UCA/mY) (pCi/eY)
85 Mnericiun-2150 ¥, a1 cospounds SEed- 28 8E-§ 3E-7 . -
. s t. wa . . .
- _ © (BE+8) -, e . BE=4 . BE-3 -
95 Americive-2182 W, a1} compounds 34 s i AEs 1) 4EsA | AEWD
% Curfum23 ¥, all compounds 244 ) SE7 269 zEed 2Ed
9% - Curlum240 ¥, all-compounds =+ GE1 6E-1 13 1 B -
o - S . Bone surf Bone surf . g .
, e T (BEs1) © (6Es1) - 913 166 16+
96 Curfue241 ¥, all compounds: 1643 3601 ' 168 - 266 - 264
[ ) . t .. Bone surf * )
. _ . - (4E4]) - - 125 ) B .-
9 Curlum242 ¥, al) compounds . ApeL 36-1 ®w0 - - -
' t Bone surf Bone surf . . '
. (SEvD) (3E-1) . - ®-1y JE7 TE-6
96 Curh;rz.l: W, all cospounds 1-500, . 9E;_1 T iE‘lZ T. . - L.
) : fone surf  Bone ‘surf . s .
. (2E40) - (26-2) = 2614 3687 . T
9%  Curfusr-204 W, all cospounds O 1B . . B2 -~ SE12 L= . -
: L. Bone surf  Bone surf- o -
- . Qeet) - (22 - -2 -8 37
Curiue-245 W, all compounds * 71 ;. 663 31z - - -
. Bone surf Bone surf : .- . L.
. - o C(IE4Q)  (IE-2) - 26-14°  26-8 287
96 . - Curfue246 . N, a1 compounds 7E1.  6E-d ¥1 - - 7 .
. ) L Bane surf Bone surf . ". o ..
) . : (1£+0) (e - - a1 268 27
96 Curfum=247 . v, a1) compounds 8E-1"  -&€=3 ., gz - . - -
. L Bone surf Bone surf
. ) (IEs0) . (1E-2) - 2 - 2R 267
9 . *. Curfum-208 V, al) compounds ' .7 - " 2E-1 283 S - -
’ : . ©  Bone surf Bone surf T . - s
(4E-1) (3E-2) - AT-15 SE~ 7 SE-8
9 . “Curtum-209® © ¥, al) compounds SEed k4 76 2 N )
S . . Bone surf . . .
- Qesd) - el - -
% - Curfue-250 ¥, all coapounds a2 -4 1237 BENNCTUR -
. .. . ' Bone surf Bone surf . L.
. . (6E-2) (SE-4) - . BE-16 | S0 9E-9
124 Berkel{um-245 - W, 11" compounds 2E0§ 1 ) 5.5-7. 2@-9 L3E-5 3E-4
97 Berkeliwri6 ¥, all coapounds W e 16 . M) A5 S
‘9 Berkelfum-247 . W, al) compounds SE-1 4E-3 %12 - - - C .
: : . . Bone surf Bone surf - C
(1Es0) ** (9E=3) = -1 208 %-7
57 Berkeliva-249 W, 211 compounds 2642 0. . WD - = .
. Song sur? . Bone surf .
’ (SE+2) . {4£+0) .. SE-12 - AE-6 BE-S
B-48 ODCM Rev. 25
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PART-20 - STANDARDS FOR PROTECTION AGAINST RADIATION
T Table 1 Table 2 Table 3
o Occupationa) Values Effluent Releases to
T . . . Concentratfons Sewers
col, 1 Col. 2. fol.3 Col.1 (Lol 2 .
oral . Monthly
. - . Ingestion Inhalation Average
Atulc l.dionucltde . Class ALl N Alr Concentration
No, - (uCi) (1C5)  (pCi/ml) (uCi/m}) (pcsm) (uCi/a))
87 Berkellum250 W, a1l compounds s L 3Ee 1®-7 -~ - Ut 263
: . e Bone surf .
- (76+2) - €9 - . ..
98 B tl!"omiun-zuz ¥, a)) compounds except : .
those given for ¥ - gm - BE+2 267 8610 .. . - -
" (3Eed) .- - o AEsA" 43
e Y, oxides and hydroxides = - 6Ee2 . 267 BE-10° - -
%8 ' Calffornium-246 W, see Sifer” MBS T 9EYd. 4E-3 .- 161l SE-6  SE-S
. R » W see Mer . 9ED . - 4E-9 -1 . - -
%8 Californfum-248 W, see 2¥¢¢ . BEWD . 6E-2 *=n’ - - e
: . "¢ Bone surf. Bone surf . . )
2 Ll (2E0) (16=1) - - - (2613 T 26-7+ - 266
. L Yasee TT0CH Coee - T1E . 4E-11, T 1E-13 - e
98 Californfum-249 W, see 2¥%¢ - . Csel 7 ge-3: 212 - . -
. E . . . . . 'Bone surf Bone surf . i
24 - QED) (95-:) - -4 28 267
Y, see 24 R 1E-2 a2 - o e
N : Bone surf . .
Lo " (1€-2)° - 26-14 - - -
98 Californ{um-250 - W, see 2%%¢ St 963 T2 - - .
: -Bone surf Bone surf c .
20 (2£+0) (2£-2) - . 3l . 3E-8 -7
Y, see 2¥¢y¢ - 3E-2 D25 ST 7 S
98 .Californiwe-251 W; see z“cr SE-1 4E3 €2 - 0 it L
T . Bone surf Bone surf e
24 (1E+0) - (9E3) ... = .- 1E-14" “T2E-8 - 267
v, see 24t - 1€-2 412 - Cele ey
Bone surf . .
. - (1€-2). s P35 U B
8. Callforptum252 ¥, see Mgr . e 2€-2 812, = . - " =
. Bone surf Bone surf . - . .
. P e (SE+D) (4E-2) - SE-14 7E-B 7E-7
-Y,"see €T CT - 3E-2 LN 5'E-ll o - .
38 Californfum-253 W, see z“cf . . 2842 2640 8E-10 ":is-u e e .
LT . Bone surf L C : N
(‘[02) - . - 5‘-‘ SE-S
Y, see 24¢¢ - 2640 7€-10 zs- -
98 Californimm-258 W, see Zuct . 2Ee0 2€-2 9E-12  3E-14 3-8 3E-7
. ¥, see #¥cy e 2E-2 TR S TSR
99 Einstelnium-250 W, a1 compounds 4N SEe2 | 2-7 . - 6E-4 5E-3
c . Bone surf .
- (1E+3) - 29 - .
99 Einsteinium-251 W, a)l compounds’ 79 SE+2 1S S -4 18-3
. . Bone surf . . -
) - (1£+3) - - 26-9 - -
99 Efnsteinivm-253 W, all compounds® - 2642 1E+0 6610  2£-12  26-6 25
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Table 1 Table 2 Table 3
Occupational Values Effluent - Releases to
. Concentrations Sewers
:C0). 1 Col. 2. Col. 3 Col. 1. (Lol 2 .
. Oral : . Monthly
o Ingestion Inhalatfon Average -
Atomic- Radionuclide Class ALl : ater Concentration’
No. . ) - (pci) (uCl) (uCi/al) (pCl/-l) (ucu-!) (uCi/al)
99 Einsteinfua-254a W, al) compounds £+2 . 1€11 2€-9 €1 - -
L. . Ll wald )
.o (3€+2) : - - - -6 . AE-5
93 Efnsteiniva-254 "W, all compounds 840 7€-2 LT3 b U - -
: Bone surf Bone surf . !
) . (2E+1) - (1€-1) - 2613 2E-7 ZE-S.
100 Fernium=252 " W, al) compounds 5E+2 1E+1 " SE-9.- 21 6E-6 ~ 6E-S .
100 Fernium-253 ¥, a1 comounds’ 1643 169 4+ - 1E11 1E-5 510 T
100 Fersfim-254 - W, al) compounds 303 SEl  4E-BT  1E-10  4E-5  AE-4
100 Fermim-255 . W; al) compounds’ . Sz 2691 SE-9 | 3Bl [ 766 JES
100 Fermim-257 W, all compounds s 2641 261 em - - -
: B . Bone surf  Bone surf T i
. (4E+1) (2E-1) - 3E-13 5€-7 5€-6 - -
101 Mendeleviuw-257 W, all compounds 743 ‘aEel . 4E-8 - 1€-4  1E-3
. . . . . N . Bone surf -0
] . . - ©(9E1y .. -, 1£810 - -
101 . Mendelevium-258 W, all compounds 31 261 7 1E-10 - _— -
: . ’ * Bone surf ° Bone surf P X .
’ (5E+1) _(361) - SE~13 . 6E-7 6E-6
- Any llnglc rndiom:"do not Ihud ’ ' ’ '
above with decay mode other than
‘. alpha eaission or spontaneous fis~. .
sfon and with radipactive half- 1
1ife less than 2. hours' - =~ Subnnion - 2E42 1E-7 1E-9 | - -
- rvuir"iafmm. not listed
abnvc with decay mode other uu? )
alpha eefssion or spontaneous f{s- . R
sion and with radioactive half=~ . : . .,
1ite greater than 2 hours . «c e e * 28=1 . . 1€-10 1£-12 . 1E-8 17
- Ary single radionuclide not listed Co .
. above that decays by alpha eaission: ° .
or spontaneous fission, or any mix- R
ture for which efther :m fdentity -
or the concentration of any radio- .
nuclide in the.mixture {s not N . : . ot
known L : e s . ® 4E-4 2E-13 1€~15 2E-9 2E-8
4
~ N
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FOOTNOTES:

l"Subnersion" means that mues given are for’ :uburslon ina hznlsphericn semf- inllnite cloud of airborne
-aurhl. . .

2inese ‘radionuclides have radiological half-\lvu of leu than 2 hours. The total effective dose equfvalenl
received during operations with these radionuclides might faclude a significant contribution from external expo-
sure. “The DAC values for all ‘radionuclides, other than those desfgnated Class "Subsersion,” are based upon the
comitted effective dose equivalent due to the {ntake of the radionuclide into the body and do NOT include poten<
tially significant contributfons to dose equivll:nl from external exposures. The Ticensee may substitute 1£-7
pCi/ml for the listed DAC to account for the submersion dose prospectively, but should use individua) monitoring
devices or other radiation measuring Instruments that measure external exposure to de-onuute co-pluuce with
the limits. (See § 20.1203.) .
3hn- soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be lhe lllfting uctnr (ue
§ 20.1201{e)). 1f the percent by weinht (enrichment) of U-235 is not greater than 5, the concentration valuve for
a 40-hour workweek {s 0.2 milligrams uranium per cubic meter of air average. For any enrichment, the product of
the average concentration and time of exgosure during a 40-hour workweek sha)l ‘not exceed BE-3 (SA) pCi-hr/ml,
where SA is the specific activity of the uranium inhaled. The specific activity for natural uranium is 6.72E~7
curies per gram U. 1he specific activity for other mixtures of U-238, U-235, and 0-234 11 not Imovn. shall be:

SA & 3.6t-7 :urleslgrn [} U-depleted .
SA = [0 4+0,38 (enrichaent) + 0. 005# (enrlch-lnl)'i €6 , enrl:hnent > D 72

where tnrl:hmenl is the percenuge by weiqm. nl 0-235 uprund as perctnt.

NOTE: - L :
1.  If.the identity of each radfonucl{de -in & mixture §s known but the concentratfon of one or more bf the -
radionuc]lfdes fn the mixture is not lmovm. the DAC for the sixture ‘shall be the most rutri:tive DAC of any

.udionuclldo in the mixture. *
If the fdentity of each radionuclide fn the nixture i3 not Imm but it s known that certain radlonuclidu

2,
specified in this appendix are not present in the mixture, the inhalation ALl, DAC, and effluent and sewage
concentrations for the mixture are the lowest values specified in this appendlx for lny radionuclide lhat Is
- hot-known.to be absent from the mixture; or o N .
; Tablel |7 Table 2 Table 1.
O:cupational Values. . | Efflvent ° - Releases to
. . Concentrations = - Sewers
. . Col, 1 . Lol 2 Col. 3 "Col.-1  Col. 2 o
bl " . Oral . . . . Honthly
lnoestion : Inhalation R . : Average
. : L Air- .  water . Concentratfon
Radionuciide - . . (pef) - (pci) (eCi/m1) . (pC8/mY) (pCi/m1)  (pCi/mi)-
17 1t 13 known that Ac~227-D and c.-zso-u are’ B o T Lo
not present - . 7E-4 E-13. - - .-
If, in addition, it fs known that Ac-227-W.Y, e T : C

Th-ZZS-H Y, Th=-230-W, Th-232-W,Y, Pa-231-¥,Y,
Np-zJMl PanJQ*Il Pu-Zlo-Il Pu-242-¥, Arztl-il L R
A.-ZlZl-H M-Z‘J-V C&-ZlS'V Cr?lﬁ-\l C.-247‘V. . . .
Ca-248-W, Bl~247-\l Cf'249 \l and C!-ZSI-H 0 . o . . .
are not’ pnunt o O [ A2 ] _ 3E-12 - - -
1f, tn addition, 1t h known that s--us-v. . ’ et s
Sn-NT'V Gd~148-0,¥, Gd-152-D,W, Th-228-W,Y,
Th-ZJO*Y U-232-Y, U-ZJJ-Y U-234-Y, U-ZJS-Y.
U-236-Y, U'ZJ&'Y. Np-236-W, Pu~236-¥.Y, ot .
PmZJB-U Y, Pu-239-Y, Pu-240-Y, l‘u~242-v. Arr e
Pu—2“'\l Y. Cm~243-W, Co~244-W, C1-248-W, deos e te . . E
C1-245-Y, C1-250-W Y. €r-251-Y, Ef-ZSZ-H Y. T . L . T o
and CI-ESA-V Y are not present - R - 7€-2 3t-11 - - -
It, in idditlon. it  1s known that Pb-ZlO-D, . - T :
BI-ZIOrH Po-210-D W, R2-223-W, Ra-225-W, 3
Ra-226-W, Ac-ZZS‘D W, ‘l 'lh-227'\l.Y. U-230-D, W Y.
U‘212'Dl‘ Ptr‘?ll'w Cl-ZW'H Cm=242-V,
Cf-248-Y, Es-254-W, Fm-257-W, and %2584!

are not prtunt - 7E-1 3t-10 - - .o
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Table 1 . Table 2, Table 13

o:cupuianal Values Effluent Releases to,

- Concentrations Sewers

Col. 1 Col. 2 . tol.-3 Col. 1 Col. 2 ..

Oral - R .. Monthly

~Ingestion Inhalation .. Average

L. ALl AL ; Mru H }Iag; " %ogc;n:;atian
Radionuclide . : (pei) [(T4)] (uCi/m1) (pCi/n wCi/m pCi/m

If, in addition, {1t is known that Si=32-¥,

Ti-44-¥, Fe-60-D, Sr-90-Y, ZIr-93-D, .

Cd~113=-0, Cd-112-0D, In-115-0,¥, ta-138-0,

Lu=176-W, Hf~178m<D,W, Hf-182-D W, 8§<210m-D,

Ra=224-W, Ra<228-W, Ac-226-D,V,Y, Pa~230-W,Y,

U-233-D,¥, U-238-D,W, U-235-D,W, U-236-D,W,

U-238-0, \I Pu-ZlPY. Bk-249 ¥, C!'ZSJ-V Y .

and Es-ZSJ-H are not present - 7£+0 3E~9

If §t is known that Ac-227-D,VW,Y, 'l'h~229~\l Y,.
Th=232-W,Y, Pa-231-W.Y, CII'Z(B-V ang
C--ZSO-V are not present -

1f, in addition, 1t fs known that Sa~145+W,
Gd-148-D,W, Gd-152-0, Th-228-W,Y, Th+230-V.Y,
U-232-v, U—ZJ:!-Y U-ZJbY. u-us-v Y-236-Y, -
U-238-Y, U-Nat-¥, Np-216-¥, Np-237°\l. Pu-235~w Y,
pu-zza-w Y, Pu-Z!S-H Y, Pu=280-W,Y, Pu-242-W, Y.
Pu-244-W Y. A-zu-w A-ZCZ-H A-ZAJ v,
Cm=243-W, Cm~244-W, c-zas-v cat 246-VW,
Cm=247- w Bk+247-W, Cf-249-W, Y. cr-zso-w W
Cf-ZSl-H Y. cr-252-W Y. und C1-254 -w,Y .

- are nct present :

lf. in addftion, it is h\ovrl that Sm~147-,

Gd-152-W, Pb~210-0, Bi-210m-W, Po-210-D,¥,

RI-ZZJ'H Rl'IZS'V Ra=-226-W, AC'ZZS"B V Y.

7h-227-\l Y, U-230-0,V,Y, U-232-D v, U-Nat-v

Pu‘Z(l-V Cn’Z(O-V CrZ(Z-V cr-zu-w Y, *

Es-254-\l Fa-257-¥, and Hd-ZSB-U ln not’ . ) . .

present i ' - 1£-12 -

- . - : U -

- 1€-13 -

58 FR 67657 -

If, ia addﬂion ft fs knm that FI'SG
$r~90, Cd-11lm, Cd-113, In-11S, 1-129,
Cs-lu Sw-145, Sl-M?, Gd'lls Cd‘lSZ.
Hg=194 (urganlc). Bi=210m, Rl*ZZ' Ra-224, .
Ra-228, Ac-225, Th-228, Th‘230. U'Z.'!3 0'21‘.
U-235, U°ZJG 0-238. U-Nat, Cm-242, cr-zw.

Es-254 F--ZST and Md-258 are not: present - - . 1f-6

1E-5

. used for the DAC of the mixture: 6E-11 pC§ of gross alpha activity from uranfue-238, uvranfum-234
and radium-226 per milliliter of air; 3E-11 pCi of natural vranium per midliliter of nlr' or 45 ol
mlurn uranim per cubic meter of air, .

derived as follows:

when not in a aixture,
(i.e., "unity®”).

. folloving relationship exists:

If a wixture of ndionuclldu consists of uranfum and its daughters in orn dun. (10 pa MAD parllch

3.
distribution assumed) prior ta chemical separation of the uranivm from the ore, the following values may be
thorium=230,

crograas of

1f the 1dmllty 2and concentration of each radionuclide in a aixture are luwvn, !hc H-H.ing values should be
deternine, ‘for each radfonuclide fn the mixture, the ratio between the concentration

present in the mixture and the concentration otherwise established in Appendix B for the specific radionuclide .
The sum of such ratios for al) of the radionuclides fn the aixture. say not exceed "1“

Example: If radfonuclides "A " "B * and “C" are present in concenlnt.iom CA' B' and Cc. and 1f the
appHubh DACs are DArA, DACB. and DACC. respectively, then the concentrations shal) be liaited so Lhu the’

B-52 ' ODCM Rev. 25
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1.0 INTRODUCTION

Software testing as described in Reference {1} has been conducted for the
Seabrook Station version of the Canberra Effluent Management System (EMS). The
results and conclusions are presented in this report.
1.1 Background

Canberra Industries Inc. developed the EMS software to assist nuclear power
plant_’personnel track effluent ' emissions and perform assoclated dose
calculatipns. North Atlantic Energy Service Co;poration purchased a Seabrook-
specific version the Canberra EMS software which must meet specific requirements
and incorforate site-specific Iinformation provided in the Offsite Dose
Calculation Manual (ODCM) [2]. -~ Software -testing was conducted to provide
assurances that the Seabrook EMS program produces results which are consistent
‘with current ODCM assumptions and methods. All executions of the EMS program
were performed at Seabrook Station on the target software. All executions of
ODCM Method II were conducted at-Yankee Atomic Electric Company in:Bolton,
Massachusetts.
1.2 Acceptance Criteria

The operability of ‘the EMS - software will be accepted‘if (i) information
contained in the EMS data files is consistent with the ODCM, (ii) test results
from the EMS program are- consistent with results from ODCM methods, (iii)
Technical Specifications requirements are met by the EMS software, and (iv) the
EMS software meets design specifications.

Final user - (Seabrook) acceptance iscontingent on Seabrook approval of

verification testing results and criteria established by user needs.



2.0 SUMMARY OF OBSERVATIONS -

The EMS software testing included (i) identifying appropriate
meteorological set up data, (ii) review of dose and dose rate conversion factor
development, (iii) assessments for liquid releases, and. (iv) assessments for
gaseous releases. ODCM Method I was used initially to confirm dose results from
the EMS program. However, the simplified nature of ODCM Method I made it
difficult to change the values of various parameters or obtain meaningful
comparisons (other than "bottom line" comparisons). The more adaptable ODCM
method, He;hod 11, was then used to confirm EMS doses. Observations made during
the software testing are summarized below.

2.1 EMS Dose and Dose Rate Conversion Factors

The EMS software uses precalculated conversion factors which are contained
in a data file. The dose conversion factors for both liquid and gaseous effluent
releases were developed for four age groups (adult, teen, child and infant), and
for specific organs (bone, liver,total body, kidney, lung, GI tract and skin).
The liquid release dose conversion factors in the EMS program are the summation
of the components for water recreation and ingestion of aquatic foods. The
gaseous release dose conversion factors are exposure pathway-specific (e.g.,
inhalation, ground plane, milk ingestion, etc.).

Dose conversion factors are provided in the EMS program for all exposure

pathways addressed in the ODCM. The development of all dose conversion factors

in the EMS program followed the pathway-specific equations in the Effluent

Management System Technical Reference Manual [3]. The EMS conversion factors for

several radionuclides were examined to determined that the development process

was consistent to the Technical Reference Manual and the ODCM.



2.1.1 Liquid Release Dose Conversion Factors*

Although the individual components for the ingestion of aquatic foods were
found to be consistent with the ODCM, a discrepancy was discovered in the water
recreation component. The mixing:. ratio for shoreline activity used in the
development of the EMS dose factors is équal to 0.025. While this,ﬁalue is
inconsistent with ODCM Method I (which employs a mixing ratio of 0.1), .it is
consistent with ODCM Method II. _It.is.iﬁencified as a discrepancy because it is
unclear which set of ODCH assumptions (those for.Hethod I or those for Method 1I)
the EMS program is expected to adopt. -

2.1.2 Gaseous Release Dose Conversion Factors

The EMS program uses dose conversion factors from Regulatory Guide 1.109
for assessment of noble gas releases.. The dose factors in the EMS program were
verified against and found to be consistent with Table B-1 of Regulatory Guide
1.109 [4].

-The development methods for the .other gaseous dose factors (i.e., for
inhalation, ground plane, milk ingestion, meat ingestion, and ingestion;éf
vegetables) were reviewed against a{apl:l_cable,equations in the Technical Reference
Manual and information in the ODCM. It is noted that the dose factors for
ingestion of milk and meat are based on the fraction of year that animals are
allowed to graze on pasture 1and<(Fp)'eqqa1 to 1.0. .Th%s is not consistent with
the ODCY which calls for the qsé of an Fp value equal to 0.5.

The dose conversion factors in the EMS program for gaseous releases
incorfqrate a shielding factor (SF):equal to 1.0. The EMS program is designed
;ith a way of changing the value of SF (via use of the Options Table), but the
factor is applied uniformly to both doses and dose rates. Imn contrast, the ODCM

calls for the use of different values for SF in the calculations for doses and

3



dose rates.
2.2 Liquid Release Testing

Dose estimates from the EMS program for hypothetical liquid effluent
discharges (containing single nuclide and radionuclide mixtures) are nearly
identical to results from ODCM Method II when input data are based on the same
mixing ratio value, indicating that the calculation method used in the EMS
program is consistent with the ODCM. Additionally, the EMS routine(s)
responsib}e,for liquid effluent concentrations comparisons to MPC values and
monitor set point determinations was observed to be operating properly.

2.3 Gaseous Release Testing

The agreement between estimates for total body dose rates, skin dose rates,
and air (gamma and beta) doses due to emission of noble gases from the ODCM
methods and the EMS program is excellent, indicating that the EMS calculation
method is consistent with the ODCM.

There is also excellent agreement between inhalation doses from the EMS
program and ODCM Method II indicating that, for the inhalation pathway, the
calculational method and assumptions in the EMS program are consistent with those
in the ODCM. The evaluation of the dose estimates via inhalation pathway
included both long and short release durations for an elevated (mixed mode) and
a ground level release point. The excellent agreement between the EMS and ODCH
Method II also confirms that the release duration adjustment term, t™, is
applied properly in the EMS program. However, an incorrect receptor location was
reported on the EMS printout in the tests (D-2c¢c and D-2d) in which the Plant Vent
;as changed to be recognized as a ground level release: point.

Also noted during testing was that the EMS routine(s) responsible for

calculating effluent concentration-to-MPC ratios and radionuclide release rates
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appears to be operating properly for gaseous-'releases.

i The EMS program incorporates the assumption that the fraction of elemental
iodine is equal to 1.0 (consiist‘ent with NUREG-0133 [5]). In contrast:,_the
fraction of elemental iodine is assumed equal to 0.5 in the ODCM methods
(consistent with Regulatory Guide 1.109). Consequently, the EMS prograx;i ;;roduces
dose estimates due to radioiodine that are at least a factor of two greater than
doses from the ODCM methods. This difference increases to about a factor of &
when the current values for Fp and SF assumed in the EMS program and ODCM methods
are used Iin the dose calculations. The different assumptions for elemental
iodine fractions should not present a problem because each program is based on
NRC guidance: the EMS is base& on NUREG-0133, the ODCM methods are based on
Regulatory Guide 1.109. The EMS program takes the more comservative approach for

determining doses from radioiodine.

Making appropriate adjustments for Fp, SF, and the fraction of elemental
iodine (when radioiodine input was used) and comparing results for organ doses
due to 1131, H3, Co60 and Csl37 revealed that the calculational methods used in
the EMS program are consistent with the ODCM for all exposure pathways (i.e.,
ground plane, inhalation, milk ingestion, meat ingestion, and vegetables
ingestion).

Technical Specification 3.11.2.1 and the ODCM require the calculation of
organ dose rates due to effluent discharges of I131, 1133, H3 and particulates
with a half-life greater than 8 days. However, in all test cases involving these
types of nuclides, organ dose raté information did not appear on Page 4 of the
EMS printout. Instead, the message "No calculations performed - check Sample &
Receptors" appeared. The EMS set up data and input were reviewed with no

apparent error identified. Since the test cases included Csl37, Co60, I131, and
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H3, the missing dose rate information was uriexpected. It is noted that organ
dose rate information was provided on Page 4 of the EMS printout during a

demonstration of the EMS program prior to testing.



3.0 TEST CONCLUSIONS
Although the dose conversion factors are based on information which is not

completely consistent with the assumptions in the ODCM, the calculational methods

used to determine doses from liquid and gaseous effluent discharges are

consistent with the ODCM methods.

Other conclusions are:

1. As stated in Section 2.1.1, the development of the EMS liquid effluent
dose factors is consistent with ODCM Method II, but not with Method 1 aué
to t‘;he mixing ra;tio value. If the EMS program is intended to be a hybrid
method, the dose factors are consistent with the ODCH and are acceptable.
On the other hand, if the EMS program is intended to provide automated
ODCM Method I calculations, then the dose factor should be recalculated
using a mixing ratio for shoreline activity equal to 0.1.

2. Since the EMS program is mnot designed to support 1.:he use of two
shielding factors’ (one for dose rates and one for doses), use of a
shielding factor equal to 1.0 is acceptable with the understanding that,

although the dose rates produéed by the EMS program will be consistent

with the ODCM, the doses from the EMS program will be based on a more
conservative assumption than doses from the ODCM methods.

3. Under the normal ODCM assumption for elemental iodine, the results from
the EMS program will be at least a factor of two greater than results f"rom
the ODCM methods. The different assumptions regarding the elemental
iodine fraction do not present a problem because ‘each program is based on
NRC guidance: the EMS program is based on NUREG-0133, and the ODCM is
based on Regulatory Guide 1.109. Of the two methods, the EMS program

takes the more conservative approach toward estimating doses from



radioiodine in gaseous effluent. .

4. The radiation monitor set point determination method for 1liquid
releases produces a set point value that is consistent the ODCM set point
method.

5. The EMS routine that is responsible for comparison of liquid effluent
concentrations and MPC values is operating properly.

6. The release duration adjustment term, t™®, is used consistently to the

ODCM.

SN
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4.0 SUMMARY OF DISCREPANCIES e e

T

Discrepancy .

- Area of Impact

‘Potential, Solution(s) "

Mixing ratio for
shoreline activity
used in EMS
program.

Doses associafed with
liquid effluent
discharges.

Clarify whether the EMS
program is expected to
follow ODCM assumptions
for Method I or Method II.
If determined to follow
Method I, recalculate. dose
factors for .liquid
releases.

EMS dose factors
based on Fp value
which is mnot )
consistent with
ODCM.

Doses due to ingestion of
milk and meat.

Recalculate EMS dose
factors for milk and meat
ingestion pathways to
incorporate Fp value
consistent with the ODCM.

Accept added conservatism
in EMS in calculations of
doses via milk and meat
ingestion pathways.

Shielding factor
(SF) applied
uniformly to dose
rates and doses in
EMS program.

Doses assoclated with
gaseous effluent
discharges.

Accept use of SF =~ 1.0 and
the added conservatism for
doses.

Modify EMS software to
accommodate use of two
values for SF (one for
dose rates and one for
doses).

Incorrect receptor
location
identified on EMS
printout for
ground level
release point.

Potential assignment of
doses to the wrong
receptor.

Discuss with Canberra.

Assumed fraction
of elemental
iodine used in EMS
program differs
from ODCM methods.

Dose estimates due to
iodine in gaseous
effluents.

Accept added conservatism
in doses due to iodine.

Modify EMS software to use
fraction for elemental
iodine that is consistent
with ODCM.




Discrepancy

Area of Impact

Potential Solution(s)

Missing organ dose
‘rate information
on EMS printout
for effluent
discharges
containing 1131,
1133, H3, and
particulates.

Technical Specification
required dose rate not
calculated.

Discuss with Canberra.

10




-

References:

Yankee Atomic Electric Company, Effluent Monitoring System Software Test
Plan for Seabrook Station, May, 1994.

NAESC, Station Offsite Dose Calculation Manual, Rev 13, 9/24/93.

Southern Nuclear Operating Company Effluent Management System Technical
Reference Manual (07-0545), January 1993.

NRC Regulatory Guide 1.109, Calculation_ of Annual Doses to Man from

Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance with 10CFR Part 50, Appendix I, Revision I, October 1977.

NRC NOUREG-0133, Preparation_ of Radiological Effluent Technical
Specifications for Nuclear Power Plants, October 1978.

11



APPENDIX C: EMS SOFIWARE DOCUMENTATION

ATTACHMENT 2: RESOLUTIONS OF EMS SOFIWARE TEST
REPORT DISCREPANCIES

C-4 ODCM Rev. 16



Attachment 2

2. Resolution of EMS Software Test Report Discrepancies )

The following discrepancy resolutions apply to the findings contained in the
»Effluent Management System Test Report for Seabrook Station, May 1994" as noted on
pages 9 and 10 (see Attachment #f1 of Appendix C of the ODCM). With the positive
resolution of the discrepancies identified in the EMS dose code, use of EMS as a
computerized alternative approach (designated as Method IA.in the ODCM) to_ determine
compliance with the radioactive effluent dose and dose rate limits is acceptable
since the .results are comparable with the currently approved dose methods.

Discrepancy: e i

Mixing ratio for shoreline activity used in EMS Program not equal to the value used
in the ODCM Method I (Mp = 1.0).

Resolution:

The mixing ratio for the shoreline activity pathway in the EMS is consistent with
the ODCM Method II approved value of 0,025, and therefore does provide for a o
calculated dose that is within the parameters already approved in the ODCM. The use
of the EMS code (ODCM Method IA) for calculating liquid doses is acceptable for
determining compliance with the dose limits of the Technical Speciflcations w1thout
the need to modify the assumption used for the shoreline mixing ratio.

Discregancx:

EMS dose factors based on Fp (fraction of year animals are on pasture) value which '
is mot consistent with ODCM.

Resolution:

ODCM Method I assumes that the pasture season in the North East is 6 months long
each year (Fp + 0.5). Method II allows for the pasture fraction to be set equal to
0.0 for the first and fourth quarters which ‘equates the non- growing period of the
year. The second and third quarters correspond to the. growing season where the ,
pasture fraction is assumed to be 1.0. The EMS software assumes an Fp value of 1 0
for animal grazing (meat ‘and milk pathways) for all conditions. This is a .. o...
moderately conservative approach compared to Method I and the off grazlng season _
conditions modeled in Method II. It is equal to the grazing season assumptions of
Method II as applied in the second and third quarters. As a result, the added
conservatism in the EMS calculations for doses via milk and meat pathways are within
acceptable margins and guidance provided in NRC NUREG-0133 for demonstrating
compliance with Technical Specification,dose limits. No changes to the EMS software

are necessary.

Discrepancy:

Shielding factors (SF) appIiedfuniformli to-dose rates .and doses in the:EﬁSfprogram.
S - N



Attachment 2

2. Resolution of EMS Software Test Report Discrepancies (Continued)

Resolution:

The EMS program for gaseous releases incorporates a shielding factor (SF) equal to
1.0 for both dose rate and total dose determinations. In contrast, both Method I
and IT use a SF value of 1.0 instantaneous dose rate calculations, but a value of
0.7 for integrated doses based on assumptions in NRC Reg. Guide 1.109. The use of a.
SF equal to 1.0 for the external ground plane exposure pathway for both dose rate
and total dose is a moderately conservative assumption that is within the bounds
already assumed in the ODCM dose modeling. - As a result, no modification to the EMS
code as an acceptable approach (Method IA) for demonstrating compliance with
Technical Specification dose/dose rate limits is required for SF.

Discregancx:'

Incorrect receptor location identified on EMS printout for ground level release
point.

Resolution:

Incorrect name is identified on report with no impact on dose or dose rate
calculations which were verified to be correct.

Discrepancy:

Assumed fraction of elemental iodine used in EMS program differs from ODCM Methods I
and II. ‘

Resolution:

For ODCM Methods I and 1I, the fraction of elemental iodine assumed for gaseous
releases in 0.5 based on the guidance in NRC Reg. Guide 1.109. The EMS code assumes
an elemental iodine fraction of 1.0 based on the guidance in NUREG-0133.
Consequently, the EMS program (Method IA) will produce a moderately conservative
estimate of dose impact (factor of 2) for iodine radionuclides if present in the
release estimations when compared to existing approved methods. As a result, no
modification to the EMS code is necessary for use in the ODCM for determining
compliance with Technical Specification dose limits.

Discrepancy:

Missing organ dose rate information on EMS printout for effluent discharges
containing I-131, I-133, H-3, and particulates.

Resolution:

This required information is easily obtainable from the permit closure process with
flashing indication if any dose or dose rate limits are exceeded.
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Software Requirements Speclfication RS-8448-04

1. Scope

This document establishes the software requirements for the Effluent Management System (EMS)
software to be installed at North Atlantic Energy Services Corporation’s Seabrook Station.

2. Applicable Documents

2.1 The following two documents are inciuded as part of this SRS, and this SRS
refers to specific sections of them:

2.1.1  "Southern Nuclear Operating Company Effluent Management System
Operator’s Manual” (07-0544), Version 1, January 1983,

2.1.2 "Southern Nuclear Operating Company Effluent Management System
Technical Reference Manual" (07-0545), Version 2, January 1993.

Note: The above documents contain material (mcluding screens and report
formats) imported from final manuals for other EMS packages. Utility and
plant names shown on screens and reports in these manuals are not
significant, since they are determined by database data that will be
customized to fit the Seabrook Station's usage.

22 The following document is a reference sourca for calculation methods of the EMS
software. This SRS may refer to specific sections.

2.2.1 "Seabrook Station Offsite Dosa Calculation Manual,” Revision 12,
January 1993,

3. Interfaces
3.1 Hardware

The EMS software shall run on the following CPU model: DEC Microvax 31 OO, Model 80.

3.2 Software

The software shall be written under VMS version 5.4-2 oriater, using INGRES veréion 6.4
or later. It shall be written in VAX/FORTRAN or VAX-DCL. Utility programs provided by
INGRES that are installed on the hardware configuration may be used if applicable.

e
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3.3 Human R : R N

The user may be expected to have received operator training from the system manager,

- Canberra/NDS, or the plant training department prior to using any part of the EMS
software. Knowledge of INGRES or VMS shall not be assumed. The menus of operations
are rntended to be self—explanatory, but an Operators Manual shall be developed.

The user may be expected to have enough knowledge of USNHC-regulated nuclear power
plant effluent management to provide accurate and appropnate inputs, and to determine
the validity of the software s resutts T

3.4 Packaging

A distribution kit will be produced for the customer. Any removable medium supported by
the operating hardware delivered to the Seabrook Station is an acceptable distribution
- medium.

-4, Definitions

EMS - Effluent Management System. Software for determining effluent monitor setpomts.
tracking activity releases and dose lmpacts of individual releases, and generating semi-
annual release reports.

SRS - Software Requirements Specification.

SNC - Southern Nuclear Operating Company

5.  Principal Changes from Existing Package

The following paragraphs summarize the principal changes to the existing software that are
required for the Seabrook Station system, and are intended only as introductory material.
Specifics of the required Seabrook Station EMS functionality are presented in the following
sections.

5.1 The EMS software will be developed by customizing the generic EMS package.
In general, the most important changes from previous versions are as follows:

5.1.1  Modification to Gaseous Permit Processing to allow scaling of nuclides
for Plant Vent Spike release point.

5.1.2 Modiﬁcation of noble gas dose rate and dose calculation methods to use
a third set of X/Q values.

Rage 5
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Modification of noble gas dose rate and dose calculation methods to
multiply X/Q and D/Q values by a factor depending on the release
duration. '

Modification to setpoint calculations to calculate setpoints for low gamma
concentration releases.

Modification of Permit Proc.essing to automatically correct the expected
wasta flow if it is greater than the calculated maximum waste flow.

Modification of Liquid Permit Processing to determine dilution flow rate
based on the humber of pumps operating.

Modification of the permit reports to include Month-to-Date Cumulative
Doses and Alert Setpoints.

Modification of Post-Release Permit Prdcessing to update the monitor
response.

Addition of data to database to support and control the above operations.
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6.1

' EMS Functionality

'Database Maintenance Transactions

The functionality of the EMS Database Maintenance transactions shall be described in

6.1.l

6.1.2

6.1.4

_ sect:on 2 of the EMS Operator's Manual (Reference 2.1.1), with the following revisions:

On the Release Point Setpornt transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpomt transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered stored, and
which appear on the printed report for these transactions:’

-SCAL NUC: Fora gaseous release, a flag to denote that thrs release point will
" have nuclide concentratlons scaled so that the total concentratron matches a

value entered by the user.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)] and the
Dnscharge Polnt Setpoint transaction [EM-DM-DP (Form 2)], the foliowing
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DILOOKUP: Fora liquid release. a flag to denote that permits for this release
point will have a selection screen appear for the user to select the proper dilution
flow for the release based on the number of pumps operating.

On the Release'Polnt Setpolnt transaction [EM- -DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)}, the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the pnnted report for these transactions:

DEF_NUC: Fora lnqurd or gaseous release, this parameter will contain the default

~ nuclide that will be used in setpoint calculations for low gamma concentration

releases. This' parameter is used in con;unctlon wrth the DEF_CONC parameter.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM -DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and

~ which appear on the pnnted report for these transactions:

DEF_CONC: For a liqurd;or.gaseous release, this parameter will contain the
default concentration that will be used in setpoint calculations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
parameter. o .

oge-/
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6.1.86

8.1.7

6.1.8

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_TYPE: For a liquid or gaseous release, this parameter will contain the
default nuclide type that will be used in setpoint calculations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
and DEF_CONC parameters. (Note: For a gaseous release, the default nuclide
type shall determine which monitor setpoint should use the default nuclide and
concentration.)

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge .Paint Setpoint transaction [EM-DM-DP (Form 2)}, the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

ALRT_SET: For a liquid or gaseous release, this parameter will contain the
multiplier to be used in the calculation of Alert Alarm Setpoints for permit reports.

On the Release Point transaction [EM-DM-RP (Form 1)), the meaning of the
Response Option will change. When set to "Y™, this option will denote the display
of a Monitor Response window during the Post-Release Permit Processing, rather
than during the Pre-Relsase Parmit Processing. The Response Option
parameter, itself, will remain unchanged for this transaction, but the response
entered should include the monitor background values.

On the Dilution Streams transaction [EM-DM-DS], the following parameters will be
removed: the number of extra dilution flow rates and the four dilution flow rates.

These parameters will be replaced with two column fields. One column will
contain the dilution flow rate, while another will contain the pump configuration
description (such as "Jockey Pump” or "5%). In this transaction, the dilution flow
rate for particular pump configuration can be added.

On the Meteorological Data transaction [EM-DM-ME (Form 1)], several menu

options will added to the list of MET DATA TABLES. These additional menu items-

are as follows:

X/Q - Noble Gases (Gamma)

"a” Factor - D/Q-Part/lodines

"a" Factor - Noble Gases

"a" Factor - X/Q-Part/lodines

"a" Factor - Gamma Noble Gases

- PR
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6.1.10

6.1.11

Note:

Note:

On the Meteorological Data transaction [EM-DM-ME (Forrn 1)), the
following menu ltems wnll be used to store short-term (1 hour) D/Q and
X/Q values.

DT

D/Q - Pamcs/Radxouodmes R

. X/Q- Partics/Radioiodines .-

X/Q - Decayed Noble Gases.
X/Q - Noble Gases (Gamma)

“This specification item only denotes a change in the meaning for the

values on this transaction and requires no further changes to the
software.

On the Meteorological Data transaction [EM -DM-ME (Form 1)], the X/Q,
D/Q, and "a" Factor values are defined for various elevations, distances,
and directions from the plant vent or stack. This combination with the
"mode of release” parameter on the Release Point transaction [EM-DM-
RP (Form 1)], and the receptor definition on the Gas Receptors
transaction [EM-DM-GR)], allow the X/Q, D/Q, and "a" factors to be
different for each receptor and/or releass point.

This specification item is only for clarification and no additional code
changes need to be madae to this transaction.
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6.2

Editing Values through INGRES QBF

In addition to the interactive forms-based EMS Database Maintenance transactions,
certain flags and values must be edited through INGRES QBF on the database tables
which contain data not accessible through the forms-based transactions.

6.21 Some columns of the Quarterly Dilution Volume table (QDVOL), which has no

other use In the Seabrook Station version of EMS, will be used for recording

monthly dilution volume for use in semi-annual reports. Once per month, an
authorized user will use QBF to append a record to the QDVOL table as follows:

sampleid ~ (sample ID) 0 [not used]

dvdate (dilution volume date) The first day of the month to which the
volume applies (time not required).

tvol (total volume) Dilution volume for the month, in user
units,

aflow (average flowrate) 0 [not used]

L, P O
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6.3

Liquid Pre-Release Processing

'6.3.1

User Interface and Functionality ‘

Liquid Pre-Release Processmg functionallty for the EMS software shall be as
described in section’3 of the EMS Operator s Manual (Reference 2.1.1), with the
following revisions:

6311

On the quUId Permit Deﬁnltxon Screen (Screen 3.04):

‘ Upon ‘entering the permit deﬁnition screen, if the DILOOKUP parameter is

set to "Y" for the release point associated with the current permit being
processed, the Dilution Flow Rate parameter will default to zero. .

If a user uses the "Tab" or "Return” key to exit the Dilution Flow Rate
parameter on the Permit Definition Screen and the Dilution Flow Rate
parameter has a value of zero, a selection screen with two columns of
data will appear. One column will contain the pump configuration
descnptlon. while the other will contain the dilution flow rate for each

; associated pump conﬁguratlon

6.3.1.2

Upon selectlon of the Dllutlon Flow Rate, the selection screen will
disappear and the selected dilution flow rate will appear in the Dilution
Flow Rate parameter on the Permit Definition Screen. The cursor will
then automatlcally advance to the Dulution Volume Parameter

Onthe Liquid Permit Deﬁnmon Screen (Screen 3. 04)

When a "Fill" (F14) or a "Save” (F10) without a "Fill" Is executed, if the
DILOOKUP parameter is set to Y™ for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
is'setto zero, a selechon screen, as descnbed above will appear.

Once a selection of the Dllution Flow Fiate is complete, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Flow
Rate parameter on the Penmt Deﬁnxhon Screen

If the Dilutlon Flow Rate parameter on the Permit Deﬁnitlon Screen is not

‘'set to zero and the DILOOKUP parameter is set to "Y", the fill will

proceed as normal wnthout the dilution flow rate selection screen
appeanng

| . Q&%Q,\\
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6.3.2

6.3.1.3

6.3.1.4

6.3.1.5

Prior to entering the Liquid Permit Approval Screen (Screen 3.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.

For releases with low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a default concentration will be
used for setpomt calculations. This default concentration will not be used
for updating curie, dose rates, or dose totals.

The default nuchde wnll be attained from the DEF_NUC parameter. The
default concentration for this nuclide will be attained from the
DEF_CONC parameter. The default type for this nuclide should be
attained from the DEF_ TYPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will no longer appear while processing a Pre-Release
Permit when the Response Option is set to "Y" on the Relsase Point
transaction [EM-DM-RP (Form 1)].

Associated Reports

Liquid Pre-Release Permit Reports shall be as described in section 3 (pages 3-53
through 3-58) of the EMS Operator's Manual (Reference 2.1.1), with the following
revisions:

6.3.2.1

6.3.2.2

6.3.2.3

.On the Pre-Release Permit Report (3.01), the Cumulative Month-to-Date

Doses will appear on the page with the report category of Cumulative
Maximum Individual Dose for Controlling-Age Group at Controlling
Location. The Month-to-Date dose valuas will contain the summation of
the doses for all "Open” and "Closed" permits including the permit for
which the report is being generated. These dose values will appear

- |mmed|ateiy below the "This Release” row of doses

On the Pre-Release Permlt Report (3. 01), an Alert Alarm Setpoint will
appear below the Max Monitor Setpoint Value. The Alert Alarm Setpoint
will be calculated by using the multiplying the release point setpoint value
by a multiplier specified with the ALRT_SET parameter mentioned above.

On the Liquid Special Report (3.02), an Alert Alarm Setpoint will appear

below the Release Point and Discharge Point Setpoint values in the
Radiation Monitor(s) portion of the report.

foge \
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6.3.2.4 On the Pre-Release Permit Report (3.01), the calculation of setpoint data

for additional dilution fiow rates (under Pre-Release Calculations) will use

dilution flow rate values from the Dilution Streams transaction {EM-DM-

D8] for a specific dilution stream. Up to four dilution flow rates which are

. larger than the dilution fiow rate parameter entered on the Liquid Permit
Definition Screen (3.06) will be used.

6.3.3 Underlying'Calculations

The calculations performed by the EMS software for Liquid Pre-Release Permits
shall produce the same results as those described in Chapter 2 (sections 2.1-2.6)
of the EMS Technical Reference Manual (Reference 2.1.2), with no revisions.
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6.4

Liquid Post-Release Processing

6.4.1

User Interface and Functionality

Liquid Post-Release Processing fuﬁctionality for the EMS software shall be as
described in section 3 of the EMS Operator’s Manual (Reference 2.1.1), with the
following revisions:

6.4.1.1

6.4.1.2

6.4.1.3

Onthe quund Permit Deﬁnmon Screen (Screen 3.13):

If the DILOOKUP parameter is set to "Y" for the release point and a user
uses the "Tab" or "Return” key to exit the Dilution Flow Rate parameter
on the Permit Definition Screen and the Dilution Flow Rate parameter has
a value of zero, a selection screen with two columns of data will appear.
One column will contain the pump configuration description, while the
other will contain the dilution flow rate for each associated pump
configuration.

Upon selection of the Dilution Flow Rate, the selaction screen will
disappear and the selected dilution flow rate will appear in the Dilution
Flow Rate parameter on the Permit Definition Screen. The cursor will
then automatically advance to the Dilution Volume Parameter.

On the Liquid Permit Definition Screen (Screen 3.13):

When a "FilI* (F14) or a "Save" (F10) without a "Fill" is executed, if the

DILOOKUP parameter is set to "Y" for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate is complete, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Flow
Rate parameter on the Permit Definition Screen.

If the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOKUP parameter is set to "Y", the fill will
proceed as normal without the dilution flow rate selection screen
appearing.

(item removed since actual waste flow is known at time of post release
processing.)

N
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6.4.1.4 The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will appear while processing a Post-Release Permit when
the Response Option is set to "Y" on the Release Point transaction [EM-
- DM-RP (Form 1)]. These screens will appear following the Nuclide
Concentration Screen (Screen 3.15). The rnonitor response values

) entered should include the monitor background values

.6.4.2 Assoclated Reports.

'6.4.3

Liqund Post-Release Permut Report shall be as descnbed in section 3 (pages 3-59

through 3-62 of the EMS Operator’s Manual (Reference 2.1.1), with the following
revisions: ; .

6.4.2.1 On the Post-Release Perrmt Report (3.03), the Cumulative Month-to-Date
Doses will appear on the page with the report category of Cumulative
Maximum Individual Dose for Controlling Age Group at Controlling
Location.” The Month-to-Date dose values will contain the summation of
the doses for all "Open" and "Closed" permits including the permit for
which the report is being generated. These dose values will appear
immediately below the "This Release” row of doses.

Underlying Calculations™

The calculations performed by the EMS software for Liquid Post-Release Permits
shall produce the same results as those described in Chapter 2 (section 2.7) of
the EMS Technical Reference Manual (Reference 2.1.2), with no revisions.

q2-
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6.5

6.6

Liquid Permit Editing

6.5.1

6.5.2

6.5.3

User Interface and Functionality

Functionality for editing liquid permits through the EMS software shall be as
described in section 3 of the EMS Operator’s Manual (Reference 2.1.1), with the
following revisions:

The appearance and functionality of the liquid permit definition screen and the
monitor response screen shall be modified as described for the Pre-Release stage
in sections 6.3.1 and 6.4.1 above.

Associated Reports

The permit report format and contents for edited open and closed liquid permits
shall be as specified above for original permit reports, in sections 6.3.2 and 6.4.2,
respectlvely

Underlying dalculations

The calculation methods for editing open and closed liquid permits shall be as
specified above for original calculations, in sections 6.3.3 and 6.4.3, respectively.

Liquid Permit Deletion

Functionality for deleting liquid permits through the EMS software shall be described
section 3 or the EMS operator's Manual (Reference 2.1.1).

-13-
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6.7

Gaseous Pre-Release Processing

6.7.1

User Interface and Functionality

Gaseous Pre-Release Processing fonctxonaluty' for the EMS software shall be as
described in section 4 of the EMS Operator’s Manual (Reference 2.1.1), with the
foliowing revrsrons ,

6.7.1.1

6.7.1.2

On the Gaseous Fennif‘.beﬁoiﬁon Screen (Screen 4.05):

The Initial Pressure and Final Pressure parameters shall be deleted.

On the Gasebus Nuclide Concentration _Screen (Screen 4.06): |

If the SCAL_NUC parameteris sétto "Y" ‘G/h'e‘hexmng the Concentration

Screen by hitting "Process” (Do), the user will be prompted for the total
nuclide concentratxon of permit. The concentrations are then "scaled”

. and then stored internally. As a result, the concentratnons displayed on

the screen will remain unchanged. (See the ‘Underlying Calculations
section for Pre-Release Permit Processing for an explanation of the
"scaling” of concentrahons)

o A NOTE. 'Thls method requires the VAX GSP (F12) file transfer has

6.7.1.3

6.7.1.4

occurred bnnging the representatwe nucllde concentration values to the
screen prior to "Save" of data.’ .

For reloases wnth low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a default concentration will be
used for setpolnt calculations. This default concentration will not be used
for updating curie, dose rates. or dose totals.

. The default nuclide will be attained from the DEF_NUC parameter. The

default concentration for this nuclide will be attained from the
DEF_CONC parameter.” The default type for the default nuclide should
be attained from the DEF_TYPE parameter.

The Monitor Response Screens for Helease Poi‘r’\ts and Discharge Points
(Screen 4.08) will no longer appear while processing a Pre-Release

Permit when the Response Option is set to "Y" on the Release Point

. ’transachon [EM-DM-RP (Form 1)].

6.7.1.5

Prior to entering the Gaseous P'errnit Approval Screen (Screen 4.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste fiow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.
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6.7.2 Associated Reports

6.7.3

Gaseous Pre-Release Permit Reports shall be as described in section 4 (pages 4-
49 through 4-58) of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:

6.7.2.1

6.7.2.2

6.7.2.3

6.7.2.4

6.7.25

On the Pre-Release Permit Report (4.01), the Cumulative Month-to-Date
Doses will appear on the pages with the report category of Cumulative
Dose at Site Boundary and Cumulative Maximum Individual Dose for
Controlling Age Group at Controlling Location. The Month-to-Date dose
valuss will contain the summation of the doses for all "Open” and
"Closed” permits including the permit for which the report is being
generated: These dose values will appear immediately below the "This
Release" row of doses.

On the Pre-Release Permit Report (4.01), the "scaled" noble gas
concentratxons shall appear on the Isotopic Identification page of the
report if the SCAL_NUGC parameter is set to "Y" for the release point
where the release is being made.

On the Pre-Release Parmit Report (4.01), the Noble Gas Alert Alarm
Setpoint will appear below the Max Monitor Setpoint values. The Alert
Alarm Setpoint will be calculated by multiplying the noble gas monitor
setpoint value by a multipller specified with the ALRT_SET parameter
mentioned above.

On the Gaseous Special Report (4.02), the Noble Gas Alert Alarm

~ Setpoint will appear below the Release Point and Discharge Point

Setpoint values in the Radiation Monitor(s) portion of the report. It will be
caiculated as mentioned above.

On the Pre Release Permit Report (4.01), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data section of page
one of the report.

Underlying Calculations

The calculations performed by the EMS software for Gaseous Pre-Release
Permits shall produce the same results as those described in Chapter 3 (section
3.1-3.6) of the EMS Technical Reference Manual (Reference 2.1.2), with the
following revisions and clarifications:

-15- “@m&’b\g
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6.7.3.1 Dose Calculatlons will appear.in the site specnf‘c technical reference
manual as follows: :

+ For Noble Gas Total Body Dose Rate (for vents or stacks < 80 meters):

Dy = shf-X/Qq<87602Fy« X (K * QR;)
where | .
Dy = the total body dose rate due to gamma emissions by noble
gas releases from vent v (mrem/yr)
shf = shielding factor (dimensionless)
‘QF{;V = release rate of noble gas radionuclides, i, in gaseous
effluents from vent or stack v ( gCl/sac).
Fq = occupancy factor defined for the receptor at the given
" location (dimensionless)
‘K = :'total body dose factor due to gamma amissions for noble
' gas radionuclide | (mremvyr per yCu/m )
'X.{Qg - hlghest value of the noble- gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sec/m )
87603= "’ adju’s'trhent factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensionless)
where | '
8760 = number of hours ina year
-a, = "a"»factor_’for gamma noble gas X/Q

"« For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf* Fo + X (K; » QRy,) + X/Qg » 2

(5.256+105/dun

total body dose from gaseous effiuents (mrem)

5.256 » 105 = number of minutes in a year

dur

duration of the release (minutes)

-16- W\q
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t3 - = adjustment factor to convert the 1-hour X/Q value to the (
short term X/Q valiue for the release (dimensio_nless)
where
t = duration of release (hours)
a = "a"factor for gamma noble gas X/Q
* For Noble éas Skin Dose Rate (for vents or stacks < 80 meters):
Dg = sh - Fo * Z QR * [(L; * X/Q » 8760°P) + (1.11M; + X/Qq - 8760°3)]
where
’ Dg = skin dose rate frb_m gaseous effluents (mrem/yr)
XxXQ = hig‘hest value of the noble gas 1-hour X/Q for vent or stack
v at the site boundary (sec/m3)
M; = air dose factor due to gamma emissions for noble gas
radionuclide i (mrad/yr per pCIIm3)
1.11 = conversion factor from mrad to mrem (
4 = skin dose factor due to beta emissions for noble gas
radionuclide | (mrem/yr per pCi/m3)
b = "a” factor for noble gas X/Q

« For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shf+ Fo £ QRyy * [(L * X/Q * tP) + (1.11M;  X/Qg + t3)]

DSK =
(5.256 + 105 / dur)
where
Dk = total skin dose from gaseous effluents (mrem)

A7- Phge 20
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» For Noble Gas Anr Dose due to gamma radiation (for vents or stacks < 80

meters):
Dy = @17: 108)+ X/Qg + t3+ Fy ez M+ Qyy
where '
D y = total gamma air dose from gaseous effluents (mrad)

3.17-10%= in\‘/ersé of number of' seconds in a year

Q;y = release of noble gas radionuclides, i, in gaseous effluents
- from vent or stack v (xCi)

in = QRiV * dur+ 60

where

60 = number of seconds in a minute

"+ For Noble Gas Alr Dose due to beta radiation (for vents or stacks <

80 meters):

Dg = -(3.17'-10'8):-_x/oot'b-F'O-zNi-in

where

Dg = 'lttotél baw.alr dp'se from gaseous effluents (mrad)

N; = air dose factor due to beta emnssnons for noble gas

radionuclide i (mrad/yr per pCi/m )

 For Critical Organ Dose Rate—Inhalation Pathway and all Pathways
- for H-3 Oo14 (for vents or stacks < 80 meters):

where T TS

DR;, = dose rate for age group a and organ t from iodines and
particulates with half lives greater than 8 days in gaseous
efﬂuents (mremvyr)

Pipra = dose factor for each radionuclide i, pathway p, organ T,
and age group a (mrem/yr per pCl/m )

e poge R\
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X/Q, = highest value of the radioiodine/particulate 1-hour X/Q for (
vent or stack v at the site boundary (sec/m3) -
c = "a" factor for Radioiodine/Particulate X/Q
Note: Itis assumed Pipra will not contain long term X/Q or D/Q
values.

» For Critical Organ Dose Rate--Ground and Food Pathways (for vents
or stacks < 80 meters):

. 'do . . o
DR, = D/Q+8760d- 5 R, , QR

where

D/Q = highest value of the 1-hour deposition factor at the
distance of the site boundary (1/m<)

d = "a" factor for D/Q

Ripra = dose factor for each radionuclide i, pathway p, organ t,
and age group a (m2 » mremfyr per uCi/sec)

Note: Itis assumed Ripra will not contain long term X/Q or D/Q -
values. ' (

* For Critical Organ Dose-Inhalation Pathway and all Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

Dra =..(317108)«XQ - tCFy 2 Pira°Qyy
where
Dra = dose for age group a and organ 1 from iodines and

particulates with half lives greater than 8 days in gaseous
_efflusnts (mrem)

Note: It is assumed Pipra will not contain long term X/Q or D/Q
values.
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* For Critical Organ Dose- Ground and Food Pathways (for vents or
stacks < 80 meters):

Dra = (317+108) DA t9+Fy TR0 Qy

Note: - Itis assumed R:pra will not contain long term X/Q or D/Q
B values

6.7.3.2 On the Nuclidé Concentration Screen (Screen 4.06), nuclide
concentrations wlil be "scaled" if the SCAL_NUC parameter is set
properly for a Release Point. This" "scaling” is described as follows:

Cinew=(t/5)* G
~ where

Cinew. = concentrahon (after "scaling”) of nuclide;

= sum of all nuclide concentratlons on the Nuclide
Concentratnon Screen.
total nuclide concentration entered by the user
concentra'aon (before scalmg") of nuclide;

1
Gy

S
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6.8

Gaseous Post-Release Processing

6.8.1

6.8.2

User Interface and Functionality .

Gaseous Post-Release Processing functionality for the EMS software shall be as
described in section 4 of the EMS Operator’s Manual (Reference 2.1.1), with the
following revisions:

6.8.1.1

6.8.1.2

6.8.1.3

6.8.1.4

On the Gaseous Permit Definition Screen (Screen 4.14):
The Initial Pressure and Final Pressure parameters shall be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.15):

1f the SCAL_NUC paramster is set to "Y", when exiting the
Concentration Screen by hitting "Process” (Do), the user will be prompted
for the total nuclide concentration of permit. The value entered for the
total nuclide concentration while opening the permit shall be displayed as
a default value which can be modified. Once the value is
entered/accepted the concentrations are then "scaled” and then stored
mternally As a result, the concentrations displayed on the screen will
remain unchanged. (See the Underlying Calculations section for Post-
Release Permit Processing for an explanation of the "scaling” of
concentrations.)

NOTE: "This method reqhires the VAX_GSP (F12) file transfer has
occurred bringing the representative nuclide concentration values to the
screen prior to "Save” of data.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will appear while processing a Post-Release Permit when
the Response Option is set to "Y”" on the Release Point transaction [EM-
DM-RP (Form 1)]. These screens will appear following the Nuclide
Concentration Screen (Screen 4.15). The monitor response values
should include the monitor background values.

(item removed since actual waste flow is known at time of post release
processing.)

Associated Reports

Gaseous Post-Release Permit Reports shall be as described in section 4 (pages
4-58 through 4-63) of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:
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6.8.3

6.8.2.1

On the Post-Release Permit Repoit (4.03), the Cumulative Month-to-Date

~ Doses will appear on the pages with the report category of Cumulative

Dose at Site Boundary 'and Cumulative Maximum Individual Dose for

"“Controlling Age Group at Controiling Location. The Month-to-Date dose

6.8.2.2

6.8.2.3

values will contain the summation of the doses for all "Open” and
"Closed" permits including the permit for which the report is being
generated. These dose values will appear immediately below the "This
Release" row of doses.

On the Post-Rel'ease Permit Report (4.03), the "scaled” noble gas
concentrations shall appear on the Isotopic Identification page of the
report if the SCAL_NUC parameter is set to "Y" for the release point
where the release is being made.

On the Post-Releasd Permit Report (4.03), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data section of page
one of the report.

Underlying Calculations

The calculations performed by the EMS software for Gaseous Post-Release
Permits shall produce the same results as those described in Chapter 3 (section
3.7) of the EMS Technical Reference Manual (Reference 2.1.2), with the following
revisions and clariﬁcations .

6.8.3.1

Dose Calculations wall appear in the site specific technical reference
‘manual as follows '

» For Noble Gas Total Body Dose_ Rate (for vents or stacks < 80
meters):

Dy = sht:XQqe+8760°2+Fy* 2 (K QRy)
where ‘
Dy = the total body dose rate due to gamma emissions by noble
T gas releases from vent v (mrernlyr)
shf = :shielo”mg factor (dimensnonless)
QR;, = release rate of noble gas radionuclides, i, in gaseous
. afﬂgents _f\fom vent or ;tack v ( uCi/sec).
. Fp . =. occupancy factor,defined for the receptor at the given
" location, (dlmensnonless)
K; = total body dose factor due to gamma emissions for noble

gas radionuclide i (mrem/yr per pCl/m )

WQS
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X/C)g = highest value of the noble gas 1-hour X/Q for gamma

radiation for vent or stack v at the site boundary, (sec/m )

87603= adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensioniess)

where

8760

number of hours in a year

R
1]

"a" factor for gamma noble gas X/Q

+ For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

sht+ Fo = Z (K} » QRy) » X/Qg - 8

Dy =
(5.256 » 109 / dur)

where

Dy . o= total body dose from gaseous effluents (mrem)
5.256 + 105 = number of minutes in a year

dur = duration of the release (minutes)

ta = adjustment factor to convert the 1-hour X/Q value to the
short term X/Q value for the release (dimensionless)

P s
[}

duration of release (hours)

a = "a"factor for gamma noble gas X/Q

- ForNoble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shfsFg+ZQRy,*[(L* X/Q8760°0) + (1.11M; « X/Qg - 8760°3)]

where
Dg = skin dose rate from gaseous effluents (mrem/yr)
X/Q = highest value of the noble gas 1-hour X/Q for vent or stack

v at the site boundary (sec/m )
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M; = air dose factor due to gamma emlssnons for noble gas
radionuclide i (mrad/yr per pC:/m )

111 = conversion factor from mrad to mrem

4 = skin'dose factor due to beta emlssions for noble gas
radnonuchde i (mrem/yr per pCl/m )

b =" "a"factor for noble gas X/Q

~ « For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shf+ Fo»Z QRyy » [(L+ XQ - t0) 4 (1.11M; - XQg * t3)]

D ' =
(5.256 « 105/ dur)
~ Where .
'Dg” ‘=" total skin dose from gaseous effluents (mrem)

- » For Noble Gas Atr Dose due to gamma radiation (for vents or stacks < 80

meters):
Dy = 1‘(_3:‘,17"-')19;5)_- X/Qg+t2-F, ‘IM;*Qy
whe;e
DY o= tbtal gamma air dose from gaseous effluents (mrad)

3.17 « 10’8 inverse of number of seconds in a year

Q, = release of noble gas radionuclides, i, in gaseous effluents
L “from vent or stack v (pCl)

Qy = QR;,edur-<€0 |

where

60 = number of seconds in a minute

L ow
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.

For Noble Gas Air Dose due to beta radiation (for vents or stacks <

80 meters):

Dg = (317-108).xQ-tP-Fy-zN-Qy

where

D B = total beta air dose from gaseous effluents (mrad)

Nj = air dose factor due to beta emtssuons for noble gas

radionuclide i (mrad/yr per pCilm )

For Critical Organ Dose Rate--Inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):

DRy =

where

DR;gq =

Pipra =

Note:

X/Qq + 8760°C « £ Pip 1, * QR

dose rate for age group a énd organ t from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem/yr)

dose factor for each radionuclide i, pathway p, organ 7,
and age group a (mrem/yr per pr/m )

highest value of the radnonodme/partlculate 1-hour X/Q for
vent or stack v at the site boundary (sec/m )

"a" factor for Radioiodine/Particulate X/Q

tis assumed Pxpta will not contain long term X/Q or D/Q
values.

For Critical Organ Dose Rate--Ground and Food Pathways (for vents

or stacks < 80 meters):

DRy = D/Q-87607d.5 Ripra * QRjy

where

D/Q = highest value of the 1-hour deposition factor at the
distance of the site boundary (1/m<)

d = "a" factor for D/Q

25 e ¥



Software Requirements Specification RS-8448-04

Ripra = dose factor for each radionuclide i, pathway p, organ T,
2 .
and age group a (m . mrem/yr per uCi/sec)

Note: Itis assumed Rlpta will not contain Iong term X/Q or D/Q
- ;values :
- For Critical Organ Dose'-lnhalation Pathwéy 'an'd all Pathways for H-3,

C-14 (for vents or.stacks < 80 meters):

Drg = (317:108) X0 1%« Fy 2 Pigra Oy

where

D;q. = dose for age group a and organ 7 -from iodines and

: - 'pamculates with half lives greater than 8 days in gaseous
" effluents (mrem) .

Note: It is assumed Py, 5 will not contain long tenn X/Q or D/Q

values.
:  For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks < 80 meters):
Dra = (317108 .D/@-t9+Fy+ 2 Rpra - Q

Note:” . ltis assumed Rlpra will not contain long term X/QorD/Q
values.

6.8.3.2 On the Nuclide Concentration Screen (Screen 4.15), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properly for a Release Point. This "scaling” is described as follows:

Cinew = (t/8) * G;

where
Cinew = concentration (after "scaling”) of nuclide;
s = sum of all nuclide concentrations on the Nuclide
Concentration Screen.
t = total nuclide concentration entered by the user
C; = concentration (before "scaling") of nuclide;

L. e
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6.9

6.10

Gaseous Permit Editing

6.9.1

6.9.2

6.9.3

User Interface and Functionality

Functionality for editing gaseous permits through the EMS software shall be
described in section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following ravisions: i

The appearance and functionality of the gaseous-permit definition screen, the
monitor response screen, and nuclide concentration shall be modified as
described for the Pre- and Post-Release stages in sections 6.7.1 and 6.8.1 above.

Associated Reports

The permit report format and contents for edited open and closed gaseous
permits shall be as specified above for original permit reports, in sections 6.7.2
and 6.8.2, respectively. '

Underlying Calculations

The calculation methods for editing open and closed gaseous permits shall be
specified for original calculations, in sections 6.7.3 and 6.8.3, respectively.

Gaseous Permit Dgletion

Functionality for deleting gaseous pen:nits through the EMS software shall be described
section 4 or the EMS operator’'s Manual (Reference 2.1.1).
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6.11 Semi-Annual Reporting
6.11.1 User Interface and Functionality - -

.Semi-Annual Reporting functionality for the EMS software shall be as described in
section 5 of the EMS Operator s Manual (Reference 2.1.1), with the following
revisions: e

6.11.1.1  On Report 5.01 (Gaseous Summation of All Releases):

+ Compute each value on line A.3 of the report by taking

. 100D

the great_ef_ °f ) 100 D;g ; g::zg o
. w‘heﬁr‘e’, ' .
Dyg = ..the gamma air dose in the applicable quarter at the site
boundary receptor due to noble gas emissions (mrem)
= the beta ,’air:'dose_vln thé applicable quarter at the site

Doy
~ . . .boundary due to noble gas emissions (mrem)
QLaé = the quarterly l-imit on Dég (mrem) [usually 5)
QL = the quarterly limit on Dap (mrem) [usually 10]
A note will be made at the bottom of the report stating whether the beta
" air dose and its'associated limit or gamma air dose and its associated
limit were used for the Percent of Appllcable Limit of Fission and
Actnvatlon Products

. The values on lmes B.3, C.3, and D.3 will be the equivalent. They will be
calculated as follows:

the greatest (over T) of - { 100+ (z D;7)/ QLrp

20 PR3
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Di,‘i‘ = the dose to organ T of the controlling receptoar, in the
applicable quarter, due to gaseous emissions of
radionuclide i (mrem)

The summation is over all non-noble gas radionuclides with
half-lives greater than 8 days, including radioiodines,
particulates, and tritium.

QL,p = the quarterly limit on the controlling receptor organ dose
due to gaseous effluents (mrem) [usually 7.5]

6.11.1.2  On Report 5.02 (Liquid Summation of All Releasss):

» Foreach quarter q in the report, calculate the reportable dilution volume
(Dqu, in liters) for the portion of the quarter that is within the report
dates. Itis the sum of the reportable monthly dilution volumes (DV ) in
user units for all the months in the quarter that are within the report dates:

Dqu =28.31685 « sd_lvolf * £ DV,

"The values DV, are from the column tvol of the QDVOL table. The

value DV, Is Included in the report on line F, and is used in the
calculations below.” "sd_lvolf* should be the user unit conversion factor to g
convert from user units to ftS. 28.31685 is a unit conversion factor from (
#t3 to liters.

» For each spaca on a line titled "AVERAGE DILUTED CONCENTRATION
DURING PERIOD?", the average concentration (Cgq, in uCi/ml) for the
respective quarter is computed as follows (where i ranges over only the
nuclides in the category):

Cq =X Cjq = [Actiq / (1000 + DV,

Q)]

where

Actiq = total activity of nuclide i released during the portion of the
quarter q that is within the period (uCi)

DV,-q = reportable dilution flow for the portion of quarter q that is
within the report peried (liters), as calculated above.

+ Compute each value on line A.3 and B.3 of the report by taking

100« DItIQth
100+ D/ QLy,

-%-f@ﬂ32
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aLy =

QLIo =

the liquid total body dose in the apphcable quarter at the
site’ boundary receptor (mrem)

the liquid maximum organ dose in the applicable quarter at
the site boundary (mrem)

the quarterly limit on Dy (mrem) [usually 1 5]

the quarterly limit on D, (mrem) fusually 5]

A note will be made at the bottom of the report stating whether the liquid
total body dose and its associated limit or maximum organ dose and its

associated limit were used for the Percent of Applicable Limit.

- Compute each value on fine C.3 of the report as follows:

P

where

Ldg -=
6.11.2 EMS Trend Plots

=100?Qq/Ldg

sum of noble gas concentrations: -+ SR

Percentage apphcable to a given quarter for dissolved and
entrained gases

Liquid dissolved gas limit (pCi/ml) [usually 2.0E-04] .

Trend Plotting functionality for the EMS software shall be described in section 5 of
the EMS Operator's Manual (Referance 2.1.1) with no revisions.

6.12 End-of-the-Year Data ‘ArchiVing o

6.12.1 User Interface and Functionallty

End-of-the-Year Data Archivmg functlonahty for the EMS software shall be
described in section 6 of the EMS Operator's Manual (Reference 2.1 .1) with no

revxsions

iy foee 33
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