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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.

Revisions to the ODCM require an interdisciplinary review documented on the following page as well as
a SORC review prior to implementing the change. An interdisciplinary review includes as a minimum
the potential impact the change has on the respective departments’ programs and procedures. The
interdisciplinary review shall involve the following departments: Chemistry, Radiation Protection,
Health Physics, I&C, Maintenance and Operations. Regulatory Programs. Optional departments are
Plant Engineering, Nuclear Oversight and Training.The Originator shall ensure the interdisciplinary
reviews are completed prior to the SORC meeting.
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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.

An ODCM Surveillance Requirement may be considered met if surveillance is performed within
1.25 times the stated surveillance interval. This 25% extension facilitates surveillance
scheduling and considers plant operating conditions that may not be suitable for conducting the
surveillance test. This provision is not intended to be used repeatedly merely as an operational
convenience to extend surveillance intervals beyond those specified.
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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.
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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 achievable. The
REMP provides for monitoring the radiation and radionuclides in the environs of the plant.

The specific implementation 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 in the OFFSITE DOSE CALCULATION MANUAL (ODCM),
Part B.

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 meeting Control C.7.1.1 shall be determined and
adjusted in accordance with the methodology and parameters in the ODCM (Part B).

C.6.1.1 - RADIOACTIVE LIQUID EFFLUENTS — CONCENTRATION

CONTROL - At All Times

The concentration of radioactive material released in liquid effluents at the point of discharge from the
multiport diffuser (see Technical Specifications Figure 5.1-3) shall be limited to not more than ten times |
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.

A.4-1 ODCM Rev. 32 |



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

e 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 effluent to
UNRESTRICTED AREAS (see Technical Specification Figure 5.1-3) would exceed (.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:

o 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 [odine-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.
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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 Technical Specification Figure 5.1-1) shall be limited to the following:

e During any calendar quarter: Less than or equal to 5 mrads for gamma radiation and less than or
equal to 10 mrads for beta radiation, and

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 - IODINE-131, TRITIUM, AND RADIOACTIVE MATERIAL IN
PARTICULATE FORM

CONTROL- At All Times

The dose to a MEMBER OF THE PUBLIC from lodine-13 1, 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
following:

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
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 (.2 mrad to air from gamma radiation, or

e 0.4 mrad to air from beta radiation, 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 ft*) 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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C.9.4.1 DRY FUEL STORAGE FACILITY MONITORING PROGRAM

CONTROL - At All Times

The Dry Fuel Storage Facility Radiological Environmental Monitoring Program shall be conducted as

specified in Table A.9.4-1.

A4-5
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MONITORING INSTRUMENTATION

5.0 RADIOACTIVE EFFLUENT MONITORING INSTRUMENTATION
5.1 Liquids

CONTROLS

Cs.1 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 in
the OFFSITE DOSE CALCULATION MANUAL (ODCM), Part B.

APPLICABILITY: At all times.

ACTION:

a.  With a radioactive liquid effluent monitoring instrumentation channel Alarm/Trip
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.  With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table A.5.1-1.
Restore the inoperable instrumentation to OPERABLE status within a time period
determined by an evaluation conducted in accordance with the requirements of the
Corrective Action Program. An evaluation is not required if the noncompliance is a
consequence of surveillance testing or planned maintenance.

SURVEILLANCE REQUIREMENTS

S.5.1 Each radioactive liquid 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 in
Table A.5.1-2.

BASES

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.
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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 channe] 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 Service Water System are required:

a. Grab samples from the Service Water System will be obtained at the frequencies specified
in Technical Specification 3.3.3.1 and ODCM C.5.1 as the Service Water System is being
drained until obtaining these samples is not physically possible.

b. Grab samples are not required once the Service Water System is drained such that it is not
physically possible to obtain the samples.

c. When refilling the Service Water 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 in operation
shall continue per the requirements of Technical Specification 3.3.3.1 and this Control.

The purpose of the plant radiation monitors is to sense radiation levels in selected plant systems and
locations and determine whether or not predetermined limits are being exceeded. In the case of the Primary
Component Cooling 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 for
the WRGM DCOT due to low and high activity sample flow paths). 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.
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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. -

During power operations, SGBD demineralizer effluent is normally aligned to the Main Condenser Hotwell
for water recovery. However, following SGBD / SGBD demineralizer system maintenance, or for plant
operational requirements, the system effluent can be aligned to the Turbine Building Sump to maintain
secondary chemistry and plant related parameters. When SGBD demineralizer effluent is aligned to the
Turbine Building Sump, the effluent to Outfall 001 is monitored by RM-6521. The Turbine Sump
Radiation Monitor RM-6521, although in the flow path-of the SGBD demineralizer effluent, cannot
perform the alarm and trip function of the SGBD Flash Tank Monitor RM-6519 because it cannot achieve
the same sensitivity to radiation. However, RM-6521 shall have its set points established per plant
procedures since the discharge flow path is through the SGBD demineralizers (where a potential to acquire
radioactivity exist), but after passing through RM-6519. If either RM-6519 or RM-6521 is inoperable, then
the periodic sampling requirements of Table A.5.1-1 Action 30 apply. It should be noted that when SGBD
demineralizer effluent is aligned to the Turbine Building Sump, flow indicator 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 DF-FT-5957) so
that Table A.5.1-1 ACTION 31 does NOT have to be met.

Steam generators may be drained using the wet lay-up pumps directly to the circulating water system, if
no secondary steam pressure is available and provided the steam generator(s) liquid radioactivity is less
than both 10 CFR 20 (Appendix B, Table 2, Column 2 instantaneous release); and 10 CFR 50
Appendix I (annual release). Table A.5.1-1 Actions 30 and 31 apply in this case as both the radiation
monitor (RM-RM-6519) and the flow rate monitor (SB-FE-1918) are bypassed.

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 1* 30
¢.  Turbine Building Sump Effluent Line | 1 30
d.  Water Treatment Liquid Effluent Discharge 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.  Water Treatment Liquid Effluent Discharge 1 31

*Only applicable when steam generator blowdown is directed to the discharge transition structure without intermediate collection. The required radiation 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 generated 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 lieu 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)
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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 provided
that prior to initiating a release

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

b. At least two technically qualified members of the station staff independently
verify the release rate calculations and discharge line valving.

Otherwise, suspend release of radioactive effluents via this pathway.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
grab samples are analyzed for radioactivity at a lower limit of detection of no more
than 107 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 Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
the flow rate is estimated at least once per 4 hours during actual releases. Pump
performance curves generated in place may be used to estimate flow.

With the number of channels 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 analyzed for
radioactivity until the inoperable channel(s) is restored to OPERABLE status.

With the number of channels OPERABLE less than required by the Minimum
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

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL
CHANNEL SOURCE CHANNEL OPERATIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST
1. Radioéctivity 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)

c. Turbine Building Sumps Effluent Line D M R(2) Q) |

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. 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 generator blowdown is directed to the discharge transition structure without intermediate collection.
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TABLE A.5.1-2

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

(Continued)
. 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) Q)

of service water monitors)

4.  Rate of Change Monitor

a. Primary Component Cooling Water System (in lieu D4) N.A. . R N.A

of service water monitors)
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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.

A5-10 ODCM Rev. 33



5.2  Radioactive Gaseous Effluent Monitoring Instrumentation

CONTROLS

Cs5.2 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
meeting Control C.7.1.1 shall be determined and adjusted in accordance with the
methodology and parameters in the ODCM (Part B).

APPLICABILITY: As shown in Table A.5.2-1.

ACTION:

a. With a radioactive 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 inoperable.

b.  With the number of OPERABLE radioactive gaseous effluent monitoring
instrumentation channels less than the Minimum Channels OPERABLE, take the
ACTION shown in Table A.5.2-1. Restore the inoperable instrumentation to
OPERABLE status within a time period determined by an evaluation conducted in
accordance with the requirements of the Corrective Action Program. An evaluation
is not required if the noncompliance is a consequence of surveillance testing or
planned maintenance.

SURVEILLANCE REQUIREMENTS

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 in Table A.5.2-2.

BASES

The radioactive gaseous effluent instrumentation is provided to monitor and control, as applicable, the
releases of radioactive materials in gaseous effluents during actual or potential releases of gaseous
effluents. The Alarm/Trip Setpoints for these instruments shall be calculated and adjusted in accordance
with the methodology and parameters in the ODCM (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 A to

10 CFR Part 50. The sensitivity of any noble gas activity monitors used to show compliance with the
gaseous effluent release requirements of Control C.7.2.1 shall be such that concentrations as low as

1 X 10 uCi/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.

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 -10" pCi/cc
Mid Range 102 -10°
High Range 107 - 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 and MMOD 02-0531)

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&I 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&I filters F-156-7,8 using pump RM-P-391.
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At all times,
-Heat tracing (HT) on the sample lines from the plant vent to the WRGM.

Note: Dewpoint measurements may be used if heat tracing is out of service. (See the
following table)

-Vent stack flow rate monitor.
-WRGM sample flow rate for the channel(s) in service.

The table below lists the action required in the event that a WRGM component is out of service.

Out of Service Component Action
Low range NG detector Enter Action 33. Perform grab sampling as required.
High range NG detector Enter Action 33. The actions required by Action 33 are satisfied

provided the Low range NG detector provides continuous indication
of the effluent concentrations, grab sampling not required. In the
unlikely event that elevated effluent concentrations above the
capability of the low range detector are present, then grab sampling
or backup monitoring will/may be required.

Mid range NG detector No action required, detection capability met by the overlapping
ranges of the low and high NG detectors. (May need to ensure that
the high range pump [RM-P-240-1] starts on increasing activity.)

RM-P-391 Enter Action 35. The mid and high range particulate and iodine
sampling 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.

P-240-1 (High range pump) Enter Actions 32, 33 and 35. Action 33 is satisfied provided the low
range NG detector provides continuous indication of the effluent
concentrations, grab sampling is not required. Actions 32 and 35 are
satisfied if P-240-2, and filters F-156-1,-2, or -3 are in service. If
these P&I filters are out of service and the NG activity is in the low
range, then ensure compliance with Actions 32 and 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&l
grab sampling using filters F-156-4,-5, or -6, and noble gas sampling
using the medium and high range detectors.

A.5-13 ODCM Rev. 33



P-240-2 (Low range pump) Enter Actions 32, 33 and 35. Action 33 is satisfied by performing
grab samples. Actions 32 and 35 are satisfied by ensuring one of
the following sample configurations are in service within one hour of
identifying the out-of-service condition; the operation of P-391 with
filters F-156-7 & 8,or installing a portable sample pump across
valves V2, and V5 to facilitate P&I grab sampling.

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 20°F above ambient energized within 1 hr of the out-of-service

as indicated by computer condition. If the sample line temperature can not be maintained
points B5946 / B5948.) greater than or equal to 20°F above ambient, the particulate and

iodine samples remain valid provided moisture is not present.
Action 36 provides moisture monitoring capability.

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.
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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 concern 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.

A procedural method of collecting the grab sample from the plant vent release pathway may require 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 allows effluent releases 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). Action 32
supports Action 35 by providing periodic sample flow rate monitoring for use in the iodine and particulate
activity determinations. 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).

It must be noted that Actions 32 and 35 pertain 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 concern for "continuous" monitoring/collection is not applicable for auxiliary
sampling of noble gas.

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 radiation condition exists.
The channel remains OPERABLE because monitoring and associated trip functions are not inhibited.
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 due to low and high activity
sample flow paths). However, because the channel is in alarm status, increased operator vigilance is
required to note any increase in radiation levels during the DCOT surveillance period and to take remedial
actions if required.
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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
or as an alternate to RM-6504 and ACTION Statement #33 not entered. If RM-6503 were considered an
alternate for RM-6504 then operations could continue indefinitely without the ability to automatically
terminate a radiological release. This is clearly not the intent of C.5.2 ACTION Statement #33.

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 radiological release. Therefore, it cannot be used as a substitute for RM-6504.

Table A.5.2-1, Radioactive Gaseous Effluent Monitoring Instrumentation, specifically lists RM-6504 as the
instrument required to satisfy the Limiting Condition for operation. This table also states that the monitor
provide the functions of alarm and automatic termination 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. Iodine Sampler 1 * 35
c. Particulate Sampler 1 * 35
d. Flow Rate Monitor 1 * 32
e. Sampler Flow Rate Monitor 1 * 32,35
f. Sample Line 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 Iodine Sampler 1 *xA 35
b. Particulate Sampler 1 Ak 35
c. Sampler Flow Rate Indicator 1 *okk 32,35
d. Noble Gas Activity Monitor (RM 6505) 1 *hx 34
* At all times.
** (Not Used.)
*Ak When the gland seal exhauster is in operation.
A.5-17 ODCM Rev. 33



TABLE A.5.2-1
(Continued)

ACTION STATEMENTS

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

ACTION 32

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.

ACTION 33

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.

ACTION 34

ACTION 35

With the number of channels OPERABLE less than the Minimum Channels
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.

ACTION 36 - If, for any reason, the sample line temperature cannot be maintained greater than or
equal to 20° F above outside ambient air temperature, the WRGM may remain
OPERABLE provided dewpoint measurements are obtained every 12 hours verifying
that conditions do not exist for condensation in the sample line with the inservice
operating sample pump. (CX0901.38)
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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
(Not Used)
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. *
¢. Particulate Sampler w N.A. N.A. N.A. *
d. Flow Rate Monitor D N.A. R Qr*** *
e. Sampler Flow Rate Monitor D N.A. R QFxx* *
f.  Sample Line Temperature N.A. NA. 240W N.A. *
GASEOUS WASTE PROCESSING SYSTEM
(Providing Alarm and Automatic Termination of
Release)
a. Noble Gas Activity Monitor D NA. R(5) QD) *
(Process)
TURBINE GLAND SEAL CONDENSER EXHAUST
a. lodine Sampler W N.A. N.A. N.A. *x
b. Particulate Sampler w N.A. N.A. N.A. *okk
c. Sampler Flow Rate Indicator D N.A. N.A. N.A. *oxk
d. Noble Gas Activity Monitor (RM 6505) D M R®3) Q2) *oxk
A.5-19 ODCM Rev. 33

|



* K
* ok

*ok &k

M

@

)

“4)
)

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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6.0 RADIOACTIVE LIQUID EFFLUENTS
6.1 Concentration

CONTROLS

C.6.1.1 The concentration of radioactive material released in liquid effluents at the point of
discharge from the multiport diffuser (see Technical Specifications Figure 5.1-3) shall be
limited to not more than ten times 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" pCi/ml total activity.

APPLICABILITY: At all times.

ACTION:

With the concentration of radioactive material released in liquid effluents at the point of
discharge from the multiport diffuser exceeding the above limits, restore the concentration
to within the above limits within 15 minutes.

SURVEILLANCE REQUIREMENTS

S.6.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the sampling and
analysis program specified in Table A.6.1-1.

S.6.1.2 The results of the radioactivity analyses shall be used in accordance with the methodology
and parameters in Part B of the ODCM to assure that the concentrations at the point of
release are maintained within the limits of Control C.6.1.1.

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 II.A design objectives of
Appendix [, 10 CFR Part 50, to a MEMBER OF THE PUBLIC, and (2) the limits of Appendix I,

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 [to10 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 1.
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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™*uCi/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 5x10”"uCi/cc, the
compensatory samples for inoperable SGBD Flash Tank and Turbine Building Sump Monitors are required
to be counted to an LLD of 1x10uCi/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 1x107uCi/cc is therefore an acceptable method of
complying with these requirements; it is not necessary to meet the LLD of 1x10'8pCVcc specified as the
equivalent sensitivity of the PCCW Head Tank Rate of Change Monitor.
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Lower Limit of

Minimum Analysis Detection
Liquid Release Type Sampling Frequency Frequency Type of Activity Analysis (LLD) M
' (nCi/ml)
A. 1. Liquid Radwaste Test Tanks P P Principal Gamma Emitters®® 5x107
(WL-TK-63A+B) Each Batch Each Batch
(BRS-TK58A+B)
SGBD Waste Holdup Sump
Neutralization Tank (TK-32) I-131 1x10°
Low Conductivity Tank P M Dissolved and Entrained 1x10°
(TK-274) One Batch/M Gases (Gamma Emitters)
Steam Generator Drains (i.e. P ) M® H-3 1x10°
from wet lay-up)®© Each Batch Composite
Temporary Tanks via CPS Gross Alpha 1x107
Discharge Line ¥
(Batch Release)® p QUW® Sr-89, Sr-90 5x10®
Each Batch Composite
Fe-55 1x10°
Turbine Building Sump W w Principal Gamma Emitters® 5x107
Effluent® Grab Sample '
Steam Generator Blowdown
©)®)
Condensate Polishing / I-131 1x10°°
Steam Generator Blowdown
Demineralizer Megarinse
®)(2)
(Continuous Release) e W M Dissolved and Entrained 1x10°
Grab Sample Gases (Gamma Emitters)
A.6-3 ODCM Rev. 33




RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE A.6.1-1

(Continued)

Lower Limit

of Detection
Minimum Analysis (LLD) @
Liquid Release Type Sampling Frequency Frequency Type of Activity Analysis (uCi/ml)

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® (19 W Y Principal Gamma Emitters® 5x107
Grab Sample

I-131 1x10°

W M Dissolved and Entrained 1x107

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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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE A.6.1-1

(Coutinued)
Lower Limit
Minimum Analysis of Detection
Frequency Type of Activity Analysis (LLD) ®
Liquid Release Type Sampling Frequency (uCi/ml)
D.  Subsurface Dewatering ‘" M M Principal Gamma Emitters ©) 5x107
Grab Sample
H-3 2x10°
M M Gross Alpha 1x107
Grab Sample
M Q¥ Sr-89, Sr-90 5x10°®
Grab Sample
Fe-55 1x10°
E.  Storm Drains ¥ w W Principal Gamma Emitters @ 5x107
Composite Sample
H-3 2x10°
W M Gross Alpha 1x107
Composite Sample
w Q¥ Sr-89, Sr-90 5x10%
Composite Sample
Fe-55 1x10
P - Prior to Discharge
W - Weekly
M - Monthly
Q - Quarterly
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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:

b= Va2 x41.(6)66 f Y= exp (1A 1)
Where:

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

4._66 = a constant derived from the Kipha and Ky values for the 95% confidence
level;

Sy, =  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),

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

2.22x10° = 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 At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit
representing the capability of a measurement system and not as an a posteriori (after the
fact) limit for a particular measurement.
@ A batch release is the discharge of liquid wastes of a discrete volume. A batch discharge that is
interrupted and reinitiated at a later time with no additional input (verified input isolated) is
considered to be one release. Prior to sampling for analyses, each batch shall be isolated, and
then thoroughly mixed to assure representative sampling.
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TABLE A.6.1-1
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, M0-99, 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 calculations.

@ A composite sample is one in which the quantity 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 discharge of liquid wastes of a nondiscrete volume, e.g., from a
volume of a system that has an input flow during the continuous release.

© Sampling and analysis is only required when Steam Generator Blowdown is directed to the
discharge transition structure. During plant operation in Modes 1 through 4, Steam Generator
Blowdown Flash Tank releases are considered continuous releases (sampled prior to or during
the release) due to the potential input from primary to secondary system leakage during
discharges. During plant outages (Modes 5 and 6), Steam Generator drains are considered as
batch type releases (input isolated, recirculated and sampled prior to release).

n Principal gamma emitters shall be analyzed weekly in Service Water. 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 for
other than naturally occurring radioactivity.

The following are additional sampling and analysis requirements:
a. PCCW sampled and analyzed weekly for principal gamma emitters.

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

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

d.  With a confirmed PCCW/SWS leak and PCCW activity in excess of 1x10™* pC/cc, sample
SWS every 12 hours for principal gamma emitters.
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

e. 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™® uC/ee. If this sensitivity cannot be achieved, the SWS will be sampled once every
12 hours.

® If the Turbine Building Sump, Steam Generator Blowdown Flash Tank, Steam Generator
Blowdown Demineralizer Megarinse, or Condensate Polishing Demineralizer Megarinse
discharges isolate due to high concentration of radioactivity, that liquid stream will be sampled
and analyzed for lodine-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 other than naturally occurring.

(19) 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.

4D Principal gamma emitters and tritium shall be analyzed monthly in subsurface dewatering
samples. Sample and 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 for other
than naturally occurring radioactivity. '

(12) 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.

(13) The Storm Drain System is not designed as a pathway for plant related liquid effluent waste
releases. Storm drains are routinely used as the plant subsurface de-watering, secondary steam
trap condensation and auxiliary boiler liquid release pathway to the circulating water system.
Incidental releases from other sources that contain insignificant quantities of radioactivity may
enter and use the storm drain system as a pathway to the circulating water system. Principal
gamma emitters and tritium shall be analyzed for weekly. Sample and 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 for other than naturally occurring radioactivity, from an
unidentified source.

(14) The Condensate Polishing System (CPS) has the provision to discharge temporary tanks as batch
releases through the same discharge path as the Neutralization Tank (TK-32). The requirements
for discharges from a temporary tank through this CPS pathway are equivalent to those of the
Neutralization Tank.

A.6-8 | ODCM Rev. 33 |



6.2 Dose

CONTROLS

C.6.2.1 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

a. 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

b. 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.

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 II.A, III.A, and IV.A of Appendix 1
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 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 equations specified in the ODCM for
calculating the doses due to the actual release rates of radioactive materials in liquid effluents are
consistent with the methodology provided in Regulatory Guide 1.109, "Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with

10 CFR Part 50, Appendix I," Revision 1, October 1977 and Regulatory Guide 1.113, "Estimating
Aquatic Dispersion of Effluents from Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix 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 appropriate 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 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.

APPLICABILITY: At all 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: E

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

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 II.D of Appendix I to

10 CFR Part 50. The specified limits governing the use of appropriate portions of the Liquid Radwaste
Treatment System were specified as a suitable fraction of the dose design objectives set forth in

Section II.A of Appendix A to 10 CFR Part 50 for liquid effluents.
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7.0 RADIOACTIVE GASEOUS EFFLUENTS
7.1 Dose Rate |

CONTROLS

C7.1.1 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:

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 skin, and

b. For Iodine-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.

APPLICABILITY: At all times.

ACTION:

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 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.

S.7.1.2 The dose rate due to lodine-131, lodine-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 A.7.1-1

RADIOACTIVE GASEOUS WASTE SAMPLING

AND ANALYSIS PROGRAM
Gaseous Release Type Sampling Frequency | Minimum Analysis Type of Activity Lower Limit of
Frequency Analysis Detection'”
(LLD) (unCi/cc)
1. Plant Vent M@ M Principal Gamma 1x10™
Grab Sample Emitters®
H-3 1x107
Continuous® w® I-131 1x10™"
Charcoal Sample
Continuous® w® Principal Gamma 1x10™""
Particulate Sample | Emitters®
Continuous®™ M Gross Alpha 1x10™"
Composite '
Particulate Sample
Continuous® Q Sr-89, Sr-90 1x107™M!
Composite
Particulate Sample
2. Condenser Air M7 M7 Principal Gamma 1x10™
Removal Exhaust Grab Sample Noble Gases Emitters®
H-3 1x10°
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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)
"~ (uCi/ce)
3. Gland Steam Packing Continuous W Principal Gamma 1x10™"
"Exhauster Particulate Sample | Emitters'®
Continuous W I-131 1x10™2
Charcoal Sample
Continuous M Gross Alpha 1x10™
Composite
Particulate Sample
Continuous Q Sr-89, Sr-90 1x10™M
Composite
Particulate
Sample(g)
4. Containment Purge pv 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 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= 4.66S,
ExVx222x10°xY xexp (-1At)
Where:
LLD = the "a priori" lower limit of detection (microcurie per unit mass or volume),
4.66 = a constant derived from the Kjpha and K. values for the 95% confidence
level;
Se = 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),

2.22 x 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.
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TABLE A.7.1-1
RADIOACTIVE GASEQUS 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.7.21 The air dose due to noble gases released in gaseous effluents to areas at and beyond the
SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the
following:

a. During any calendar quarter: Less than or equal to 5 mrads for gamma radiation
and less than or equal to 10 mrads for beta radiation, and

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

APPLICABILITY: At all times.

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 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.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 II.B, III.A, and IV.A of Appendix I
to 10 CFR Part 50. The Control implements the guides set forth in Section [.B of Appendix I. The
ACTION statements provide the required operating flexibility and at the same time implement the
guides set forth in Section IV.A of Appendix I at the SITE BOUNDARY that the releases 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 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 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 Releases from Light-Water Cooled Reactors," Revision 1, July 1977. The ODCM equations
provided for determining the air doses at and beyond the SITE BOUNDARY are based upon the
historical average atmospheric conditions.
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7.3 Dose - Iodine-131, Todine-133, Tritium, and Radioactive Material in Particulate Form

CONTROLS

C.73.1 The dose to a MEMBER OF THE PUBLIC from lodine-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 following:

a. During any calendar quarter: Less than or equal to 7.5 mrems to any organ, and
b. During any calendar year: Less than or equal to 15 mrems to any organ.

APPLICABILITY: At all times.

ACTION:

With the calculated dose from the release of lodine-131, Iodine-133, tritium, and
radionuclides in particulate form with half-lives greater than 8 days, in gaseous effluents
exceeding any of the above limits, prepare and submit to the Commission within 30 days,
pursuant to Technical Specification 6.8.2, 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.7.3.1 Cumulative dose contributions for the current calendar quarter and current calendar year for
' Iodine-131, lodine-133, tritium, and radionuclides in particulate form with half-lives greater
than 8 days shall be determined in accordance with the methodology and parameters in
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 11.C, III.A, and IV.A of Appendix I
to 10 CFR Part 50. The Controls are the guides set forth in Section II.C of Appendix I. The ACTION
statements provide the required operating flexibility and at the same time implement the guides set forth
in Section IV.A of Appendix I to assure that the releases of radioactive materials in gaseous effluents 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 due to the actual release rates of the subject materials are consistent with the
methodology provided in Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix L," 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 lodine-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 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

a. 0.2 mrad to air from gamma radiation, or
b. 0.4 mrad to air from beta radiation, 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.74.2 The installed VENTILATION EXHAUST TREATMENT SYSTEM and GASEQUS
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 IL.D of Appendix I to

10 CFR Part 50. The specified limits governing the use of appropriate portions of the systems were
specified as a suitable fraction of the dose design objectives set forth in Sections II.B and II.C of
Appendix I to 10 CFR Part 50, for gaseous effluents.

A7-12 ODCM Rev. 25



8.0 TOTAL DOSE

CONTROL

C.8.1.1 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.

APPLICABILITY: At all times.

ACTION:

With the calculated doses from the release of radioactive materials in liquid or gaseous
effluents exceeding twice the limits 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 units 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
20.2203(a)(4), shall include an analysis that estimates the radiation exposure (dose) to a I
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 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.

S.8.1.2 Cumulative dose contributions from direct radiation from plant facilities, including
radwaste storage tanks and Dry Fuel Storage Facility, 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, solid radwaste storage and dry fuel
storage, 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 [equivalent to 10 CFR 72.104(a) for Dry Fuel Storage considerations], 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. An individual is not considered a MEMBER OF THE PUBLIC during
any period in which he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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9.0 RADIOLOGICAL ENVIRONMENTAL MONITORING

9.1 Plant Operations Monitoring Program

CONTROL

Co.1.1

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

APPLICABILITY: At all times.

ACTION:

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 Specification 6.8.1.3 and Part A, Section 10.1 of the
ODCM, a description of the reasons for not conducting the program as required
and the plans for preventing a recurrence.

With the level of radioactivity as the result of plant effluents in an environmental
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
exceeding the limit(s) and defines the corrective actions to be taken to reduce
radioactive effluents so that the potential annual dose* to a MEMBER OF THE
PUBLIC is less than the calendar year limits of Control C.6.2.1, C.7.2.1, or
C.7.3.1. When more than one of the radionuclides in the REMP are detected in the
sampling medium, this report shall be submitted if

concentration (1) concentration (2)

reporting level (1)  +  reporting level (2) T--=1.0

When radionuclides other than those listed 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 level of radioactivity was not the result of plant effluents;
however, in such an event, the condition shall be reported and described in the
Annual Radiological Environmental Operating Report 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 indicated in this report.
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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 environmeéntal 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
Sample

Number of Representative Samples and
Sample Locations®

Sampling and Collection
Frequency

Type and Frequency of
Analysis

1.

DIRECT RADIATION®

40 routine monitoring stations with two or
more dosimeters placed as follows:

An inner ring of stations, one in each
meteorological sector in the general area of
the SITE BOUNDARY;

An outer ring of stations, one in each
meteorological sector, generally in the 6 to
8-km range from the site;

The balance of the stations to be placed in
special interest areas such as population
centers, nearby residences, schools, and
control locations.

Quarterly.

Gamma dose quarterly.

2.

AIRBORNE

Radioiodine and
Particulates

Samples from five locations®:

Three samples from close to the three SITE
BOUNDARY locations, in different sectors,
of high calculated long-term average
ground-level D/Q.

One sample from the vicinity of a
community having the highest calculated
long-term average ground-level D/Q.

Continuous sampler
operation with sample
collection biweekly
(approx. 14 days), or
more frequently if
required by dust loading.

Radioiodine Canister:

I-131 analysis biweekly
(approx. 14 days).

Particulate Sampler:

Gross beta radioactivity
analysis following filter
change®;

Gamma isotopic analysis® of
composite (by location)
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®

b. Sediment from
shoreline

sample from a control location.

One sample from area with existing or
potential recreational value.

Semiannually.

monthly. Composite for
tritium analysis quarterly.

Gamma isotopic analysis®
semiannually.

4.  INGESTION

a. Milk

Samples from milking animals in three
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.

Semimonthly when
milking animals are on
pasture, monthly at other
times.

Gamma isotopic® and 1-131
analysis on each sample.
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TABLE A.9.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

(Continued)

Exposure Pathway and/or
Sample

Number of Representative Samples and
Sample Locations®

Sampling and Collection
Frequency

Type and Frequency of
Analysis

4. (Continued)

b. Fish and
Invertebrates
C. Food Products

One sample of each of three commercially
and recreationally important species in
vicinity of plant discharge area.

One sample of similar species in areas not
influenced by plant discharge.

Samples of three (if practical) different
kinds of broad leaf vegetation® grown
nearest each of two different off-site
locations of highest predicted long-term
average ground-level D/Q if milk sampling
is not performed. "

One sample of each of the similar broad leaf
vegetation® grown at a control location, as
for example 15-30 km distant in the least
prevalent wind direction, if milk sampling

is not performed. "

Sample in season, or
semiannually if they are
not seasonal.

Monthly, when available.

Monthly, when available.

Gamma isotopic analysis® on
edible portions.

Gamma isotopic® and 1-131
analysis.

Gamma isotopic® and I-131
analysis.
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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 are permitted from the required
sampling schedule if specimens are unobtainable due to circumstances such as hazardous conditions, seasonal unavailability and
malfunction of automatic sampling equipment. If specimens are unobtainable due to sampling equipment malfunction, effort shall be
made to complete corrective action prior to the end of the next sampling period. All deviations from the sampling schedule shall be
documented in the Annual Radiological Environmental Operating Report as specified 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 the ODCM, Part B.
If broad leaf vegetation is unavailable, other vegetation will be sampled.

Vegetation samples may be taken in the general vicinity of the designated sample location, due to availability.
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS* &

Lower Limit of Detection (LLD)"

Fish and
Water Airborne 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 0.01
H-3 3,000
Mn-54 15 130
Fe-59 30 260
Co-58, 60 15 130
Zn-65 30 ' ' 260
Zr-Nb-95 15¢
I-131 15 0.07 1 60°
Cs-134 15 : 0.05 130 15 60 150
Cs-137 18 0.06 150 18 80 180
Ba-La-140 15%¢ : 15
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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= A
ExVx 2.22 x10° x Y xexp(- 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 Kaipha and Keera 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 ber picocurie;

Y is the fractional radiochemical yield, when applicable;

A is the radioactive decay constant for the partic;ular 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 for 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 analysis.
Analyses shall be performed in such a manner that the stated LLDs will be achieved under
routine conditions. Occasionally background fluctuations, unavoidable small sample sizes, the
presence of interfering nuclides, or other uncontrollable circumstances may render these LLDs
unachievable. In such cases, the contributing factors shall be identified and described in the
Annual Radiological Environmental Operating Report per Part A, Section 10.1.

Parent only.

The Ba-140 LLD and concentration can be determined by the analysis of its short-lived 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-140
activity at the time of collection is zero.

Broad leaf vegetation only.

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

Required detection capabilities for thermoluminescent dosimeters used for environmental
measurements shall be in accordance with recommendations of Regulatory Guide 4.13,
Revision 1, July 1977.
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TABLE A.9.1-3
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*

I-131 100 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 / site groundwater monitoring well reporting level = 20,000 pCi/kg (2E-05 uCi/ml) |
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9.2 Land Use Census
CONTROL

C.9.2.1 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 ft*) producing
broad leaf vegetation.

APPLICABILITY: At all times.
ACTION

a. With a Land Use Census identifying a location(s) that yields a calculated dose or
dose commitment greater than the values currently being calculated in 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 vegetation 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?.
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9.3  Interlaboratory Comparison Program

CONTROL

C.9.3.1 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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9.4 Dry Fuel Storage Facility Monitoring Program

CONTROL

co94.1 The Dry Fuel Storage Facility radiological environmental monitoring program shall
be conducted as specified in Table A.9.4-1

APPLICABILITY: At all times.

ACTION:

With the Dry Fuel Storage Facility radiological environmental measurements not
being conducted as specified in Table A.9.4-1, prepare and submit to the
Commission, in the Annual Radiological Environmental Operating Report required
by Technical Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM, a
description of the reasons for not conducting the program as required and the plans
for preventing a recurrence.

SURVEILLANCE REQUIREMENTS

S.94.1 The Dry Fuel Storage Facility radiological environmental measurements shall be
performed pursuant to Table A.9.4-1 from the specific locations given in the
table(s) and figure(s) in Part B of the ODCM, and shall be analyzed pursuant to the
requirements of Table A.9.4-1.

BASES

The Dry Fuel Storage radiological environmental monitoring program required by this Control
provides representative measurements of direct (including scattered) radiation exposure at those
locations that have the highest potential for dose to MEMBERS OF THE PUBLIC resulting from
dry fuel storage operations. The design of the storage facility is such that there are no liquid or
gaseous effluents released to the environment from DFS and, therefore, no associated exposure
pathways for liquids and gases requiring the collection and analysis of such sample media. Asa
result, only direct (including scattered) radiation from the DFS modules need to be monitored for
integrated exposures in areas where doses to MEMBERS OF THE PUBLIC need to be limited.
This measurement program provides information to support the determination of compliance
with the dose criteria of 10 CFR 72.104(a), 40 CFR 190, and 10 CFR 20.1301(a)(1) for that
portion of the total annual dose contributed by DFS.
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TABLE A.9.4-1

DRY FUEL STORAGE FACILITY RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway

Number of Locations *

Collection Frequency

Type and Frequency of
Analysis

1.

DIRECT RADIATION °

14 routine monitoring stations with two or
more dosimeters placed at each station as
follows:

2 nearby locations on-site where
MEMBERS OF THE PUBLIC can
congregate.

5 locations along the site boundary in
areas of high potential for public
exposure (shared TLD Locations with
plant REMP, Table B.4-1).

2 locations near the closest site
boundary approach to the DFS in
different sectors.

5 locations beyond 15 km from the site
(shared TLD locations with plant
REMP, Table B.4-1).

Quarterly.

Gamma dose quarterly.

Specific parameters of distance and direction sector from the centerline of the DFS Pad, and additional description where pertinent, shall be provided for
each sample location in Table B.4-2 in the ODCM, Part B. Deviations are permitted from the required measurement schedule if dosimeters are
unobtainable due to circumstances beyond the control of the licensee, such as-lost of dosimeters resulting from unauthorized removal from the field. All
deviations from the measurement schedule shall be documented in the Annual Radiological Environmental Operating Report as specified in Part A,

Section 10.1.

A thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a packet are considered as two or more dosimeters.
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10.0 REPORTS
10.1  Annual Radiological Environmental Operating Report

Routine Annual Radiological Environmental Operating Reports covering the operation of the
station during the previous calendar year shall be submitted prior to May 1 of each year pursuant
to Technical Specification 6.8.1.3.

The Annual Radiological Environmental Operating Reports shall include summaries,
interpretations, and an analysis of trends of the results of the radiological environmental
Surveillance activities for the report period, including a comparison 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 required by Control C.9.2.1.

The Annual Radiological Environmental Operating Reports shall include the results of analysis
of all radiological environmental samples and of all environmental radiation measurements taken
during the period pursuant to the locations specified in the table and figures in 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 missing data shall be submitted as soon as possible in a supplementary report.

The reports shall also include the following: a summary description of the Radiological
Environmental Monitoring Program; at least two legible maps**** covering all sampling
locations keyed to a table giving distances and directions from the centerline of one reactor; the
results of licensee participation in the Interlaboratory Comparison Program 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 discussion of all analyses in
which the LLD required was not achievable.

****0One 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 gaseous 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 a 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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SEABROOK STATION ODCM
PART B

RADIOLOGICAL CALCULATIONAL METHODS AND PARAMETERS
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1.0

1.1

INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) contains details to implement Radioactive
Effluent Controls and Environmental Monitoring Program as required by Technical
Specifications 6.7.6g and 6.7.6h.

Part B of the ODCM provides formal and approved methods for the calculation of off-site
concentration, off-site doses and effluent monitor setpoints, and indicates the locations of
environmental monitoring stations in order to comply with the Seabrook Station Radioactive
Effluent Controls Program (RECP), and Radiological Environmental Monitoring Program
(REMP) detailed in Part A of the manual. The ODCM forms the basis for station procedures
which document the off-site doses due to station operation which are used 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.

It 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 1A 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 Il 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.

B.1-2 ODCM Rev.33 |



SUMMARY OF RADIOLOGICAL EFFLUENT

TABLE B.1-1

PART A CONTROLS AND IMPLEMENTING EQUATIONS

Part A Control

C.6.1.1

C.6.2.1

C.6.3.1

C.7.1.1

Liquid Effluent
Concentration

Liquid Effluent Dose

Liquid Radwaste
Treatment
Operability

Gaseous Effluents
Dose Rate

Category

Total Fraction of ECL
Excluding Noble Gases

Total Noble Gas Concentration

Total Body Dose

Organ Dose

Total Body Dose

Organ Dose

Total Body Dose Rate from
Noble Gases

Skin Dose Rate from Noble
Gases

Organ Dose Rate from I-131,
I-133, Tritium and Particulates
with T12> 8 Days

B.1-3

Method Im

Eq

Eq.

Eq.

Eq.

Eq.

Eq.

Eq.

.2-1

2-2

. 3-1

.3-3

3-4

3-5

Limit

<1.0

<2x10* pCi/ml

< 1.5 mrem in a qtr.
<3.0 mrem in a yr.
<5 mrem in a qtr.
<10 mrem in a yr.

<0.06 mrem in a mo.

< 0.2 mrem in a mo.

< 500 mrem/yr.
<3000 mrem/yr.

<1500 mrem/yr.
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TABLE B.1-1

SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

PartAA Control

C721

C73.1

C.74.1

C.8.1.1

Cs.1

Gaseous Effluents
Dose from Noble
Gases

Gaseous Effluents
Dose from [-131,
1-133, Tritium, and
Particulates

Ventilation
Exhaust Treatment

Total Dose (from All
Sources)

Liquid Effluent
Monitor Setpoint

Liquid Waste Test
Tank Monitor

(Continued)

Category

Method I(l)

Limit

Gamma Air Dose from Noble
Gases

Beta Air Dose from Noble
Gases

Organ Dose from lodines,
Tritium and Particulates with
Tip>8 Days

Organ Dose

Total Body Dose

Organ Dose

Thyroid Dose

Alarm Setpoint

B.1-4

Eq. 3-6

Eq. 3-7

Eq. 3-8

Eq. 3-8

Footnote (2).

Eq. 5-1

<5 mrad in a gtr.

<10 mrad in a yr.

<10 mrad in a qtr.
<20 mrad in a yr.
<7.5 mrem in a qtr.

<15 mrem in a yr.

< 0.3 mrem in a mo.
<25 mrem in ayr.

<25 mrem in ayr.

<75 mrem in a yr.

Control C.6.1.1
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TABLE B.1-1 '
SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

Part A Controls

C.5.2 Gaseous Effluent
Monitor Setpoint

Plant Vent Wide
Range Gas Monitors

(Continued)

Category

€)) More accurate methods may be available (see subsequent chapters).

Alarm/Trip Setpoint For Total

Body Dose Rate

Alarm/Trip Setpoint for Skin

Dose Rate

Method I(l)

Eq. 5-5

Eq. 5-6

Limit

Control C.7.1.1a l
(Total Body)

Control C.7.1.1a ‘
(Skin)

2 Part A Control C.8.1.1a requires this evaluation only if twice the limit of equations 3-1, 3-2, 3-12, 3-15 or 3-18 is reached. Ifthis 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 Pe=yy G <10
Liquids, Except Noble Gases » i ECL;

2-2 Total Activity of Dissolved and _ NG
: Entrained Noble Gases from all G ( ﬂCij - Z G
G |— !

Station Sources ml ) < 2E-04
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TABLE B.1-3
SUMMARY OF METHOD I EQUATIONS TO CALCULATE
OFF-SITE DOSES FROM LIQUID RELEASES

Equation Number Category Equation
3-1 Total Body Dy (mrem)=k 3 Q ; DFL ith
Dose i
3-2 Maximum D_ (mrem)=k ¥ Q.DFL
Organ Dose mo i : 1mo
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TABLE B.1-4
SUMMARY OF METHOD I EQUATIONS TO CALCULATE DOSE RATES

Category Equation Receptor Release
Number Location? Height" Equation
Total Body Dose 3-3a OS E o :
Rate From Noble Di = 0857 Z(Qi * DFB)
Gases ‘
3-3b OS G ) .
Dug — 34 * Z(Qi * DFB)
3-3¢c EC E . .
Durey = 0.0015 * Z(Q1 * DFB:)
3-3d EC G ) .
Durg = 0.0074 * 3(Q, * DFB)
3-3e R E . .
Dure = 0.038 * Z(Q, * DFB)
3-3f R G

Dirg = 02 * Z(Qi * DFB)

*0S = Off-Site, EC = Science & Nature Center, formerly the Educatlon Center, R = The "Rocks"
°E = Elevated, G = Ground
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TABLE B.1-4
SUMMARY OF METHOD I EQUATIONS TO CALCULATE DOSE RATES

(Continued)
Category Equation Receptor Release
Number Location® H_eigmb Equation
P ues T BT
3-4b OS G Datingey = Z(Q’ *DF )
3-4c EC E Dasnsio = 0:0014* 3 (Q,* DF )
3-4d EC G Dusneiy = 0.0014* 3(Q,* DF i)
3-4e R E Deinre = 70.0076 * Z(Q‘ *DF )
3-4f R G

DskinR(g) =0.0076 * Z(Ql *DF R(e)

®0S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"
°F = Elevated, G = Ground
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Category

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

TABLE B.1-4

SUMMARY OF METHOD [ EQUATIONS TO CALCULATE DOSE RATES

(Continued)

Equation Receptor Release

Number Location’ Height”
3-5a oS E
3-5b oS G
3-5¢ EC " E
3-54¢ EC G
3-5e R E
3-5f R G

Equation

Dco(e) = Z(Q, * DFGI ico(e))

Deo) = Zi(Qi *DFG’ )

Do = 0.0014 * Z(Q‘* *DFG' )
Deosg = 0-0014 * Z:(Qi *DFG' | 5)
Dasy ~0.0076* 3(Q, * DFG )

Deor = 00076 * 3 (Q, * DFG 5y

20S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"

°g = 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 to Air 3-6a

From Noble Gases

3-6b

3-6¢

3-6d

3-6¢

3-6f

Receptor
Location®

(0N

OS

EC

EC

Release
Height"

E

Diire)

Dairg)

Dz}xlirE(e)

Diike)

Diiree)

V4
Dairkee)

Equation

32E-07 * t°2" * 3(Q, * DF))

1.6E-06 * {2 * >(Q, * DF!)

= 49E-10 * ¢** * }'(Q, * DF))

4.4E-09 * ¢**' * 3(Q, * DF))

i

i

5.1E-09 * %1% * 3(Q, * DF))

4.1E-08 * 1*2 * 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 I EQUATIONS TO CALCULATE DOSES TO AIR FROM NOBLE GASES

(Continued)
Category Equation - Receptor Release
Number Location® Height Equation
Beta Dose to Air 3-7a (0N E
From Noble Gases Daig = 4.1E-07 * %% Z(Qi * DFY)
3-7b (O] G
Diwg = 6.0E-06 * *** * 3(Q, * DFf)
3-7c EC E 5
DfirE(e) = 1.8E-09 * ¢ * Z(Q, * DFY)
3-7d EC G
Diew = 24E-08 * ¢*%7 * 3(Q, * DFf)
3-7e R E
Diwe = 3.9B-08 * "2 * 3(Q, * DF)
3-7f R G

Dl = 46E-07 * (97 * 3(Q, * DFY)

?0S = Off-Site, EC = Science & Nature Center, formerly the Education Center, R = The "Rocks"
bE = Elevated, G = Ground
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Category

Dose to Critical
Organ From lodines,
Tritium, and
Particulates

TABLE B.1-6

SUMMARY OF METHOD [ EQUATIONS TO CALCULATE

DOSE TO AN INDIVIDUAL FROM TRITIUM, IODINE AND PARTICULATES

Equation
Number

3-8a

3-8b
3-8c
3-8d
3-8¢

3-8f

Receptor
Location®

(O]

(O

EC

EC

Release

Height’ Equation
E Deote) = 14.8* 1727 * 3(Q, * DFGicate))
G Deotey =17.7*t°*"** 2(Q, * DFGico(g))
E Dot = 33E-02* £*** (Q,* DF Gioso)
G Deoke) = 3-3E-02* %7 * 3(Q, * DFGicoryy)
E Deory = 7-3E-02* 2% * 3(Q,* DFGicore))
G Deor(g) = 8.6 E-02* t°77* 3(Q, * DFGicorg))

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

°E = Elevated, G = Ground
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TABLE B.1-7

SUMMARY OF METHODS FOR
SETPOINT DETERMINATIONS
Equation Number Category Equation
5-1 Liquid Effluents: uCi Fg .
qui o[22, e 5
Liquid Waste Test setpomnt | -, L F, X meiny
Tank Monitor
(RM-6509)
5-23 PCCW Rate-of-Change -8 1
Alarm RC,, (gph)=1x10 SWF ———
Gaseous Effluents:
Plant Vent Wide
Range Gas Monitors
(RM-6528-1, 2, 3)
5-5 Total Body 1
. = 588 fi
R, (KCi/sec) DFB.
5-6 Skin 1
, RSkin ( LCi /sec) = 3000 -———DE' fy

1S equation maybe used for other effluent radiation monitors, such as the a onitor
(1)  Thi i ybe used for other effl diati i h as the CPS Rad Moni
(RM-6473) where the fraction of total FCL (f,) is administratively adjusted for the particular

pathway.
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Variable

TABLE B.1-8
SUMMARY OF VARIABLES

Definition

NG
GCii

NG
Ci

Cai

Diie
Diie
D aﬂi.rE(e)
Diire
DﬁrR(e)
D
Do)
D)
Diirce)
Diir

Dt};er(e)

Concentration at point of discharge and entrained noble

gas "i" in liquid pathways from all station sources

Total activity of all dissolved and entrained noble gases
in liquid pathways from all station sources

"i"

Concentration of radionuclide
discharge

at the point of liquid

Concentration of radionuclide "i"

Concentration, exclusive of noble gases, of

L1341}

radionuclide "i" from tank "p" at point of discharge

Concentration of radionuclide "i" in mixture at the
monitor

Off-site beta dose to air due to noble gases in elevated
release

Off-site beta dose to air due to noble gas in ground
level release

Beta dose to air at Science & Nature Center due to
noble gases in elevated release

Beta dose to air at Science & Nature Center due to
noble gases in ground level release

Beta dose to air at "Rocks" due to noble gases in
elevated release

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

Off-site gamma dose to air due to noble gases in
elevated release

Off-site gamma dose to air due to noble gases in
ground level release

Gamma dose to air at Science & Nature Center due to
noble gases in elevated release

Gamma dose to air at Science & Nature Center due to
noble gases in ground level release

Gamma dose to air at "Rocks” due to noble gases in
elevated release

B.1-15

Units

puCi/ml

uCi/ml

pCi/ml

uCi/ml
uCi/ml

nCi/ml

mrad

mrad

mrad

mrad

mrad

mrad

mrad

mrad

mrad

mrad

mrad
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Variable

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

Definition

Diirkee)
Deoce)

Deo(g)

Deok(e)
DcoE(g)
Dcorge)
Deore)

Dy

v
Dhnite
Dmo

Dy
DFmin

DFminy

DF';
DF'ic

DF'r
DFB;

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 Science & 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 to a
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

mrém

mrem

mrem

mrém

mrem

mrém

mrem

mrad

mréem
mrem
mrem

ratio

mrem-sec/pCi-yr

mrem-sec/pCi-yr

mrem-sec/uCi-yr

3
mrém

pCi-yr
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: TABLE B.1-8
SUMMARY OF VARIABLES

(Continued)
Variable Definition
DFB, = Composite total body dose factor

DFLis, = 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)

DFGicog) = Site-specific critical organ dose factor for a ground level
release of nuclide "i" (Table B.1-12)

DFGicok(e) = Science & Nature Center-specific critical organ dose
factor for an elevated release of nuclide "i"
(Table B.1-14)

DFGicok(g) = Science & Nature Center-specific critical organ dose
factor for a ground level release of nuclide "i"
(Table B.1-14)

DFGicoree) = 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)

DFGicoe) = Site-specific critical organ dose rate factor for an
elevated gaseous release of nuclide "i" (Table B.1-12)

DFG'icoe) = Site-specific critical organ dose rate factor for a ground
level release of nuclide "i" (Table B.1-12)

DFG'icoE(e) = Science & Nature Center-specific critical organ dose
rate factor for an elevated release of nuclide "i"
(Table B.1-14)

DFG'icoke) = Science & Nature Center-specific critical organ dose
rate factor for a ground level release of nuclide "i"
(Table B.1-14)

DFG’  r(e = The "Rocks"-specific critical organ dose rate factor for

an elevated release of nuclide "i" (Table B.1-15)

B.1-17

Units

mrem’
pCi-yr

mrem/pCil

mrem/pCi
mrem/pCi
mrem/uCi

mrem/pCi

mrem/puCi

mrem/pCi

mrem/pCi
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

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

Definition

DFG' icoR(g)

DFS;
DF,
DF/
DF/
DCO(e)
Dco(g)

DcoE(e)
DcoE(g)
DcoR(e)
DcoR(g) ‘

Dikinge)
Dskin(g)

Distintce)

The "Rocks"-specific critical organ dose rate factor for a
ground level release of nuclide "i" (Table B.1-15)

Beta skin dose factor for nuclide "i" (Table B.1-10)

Combined skin dose factor for nuclide "i"
(Table B.1-10)

Gamma air dose factor for nuclide "i" (Table B.1-10)

Beta air dose factor for nuclide "i" (Table B.1-10)

Critical organ dose rate to an off-site receptor due to
elevated release of iodines, tritium, and particulates

Critical organ dose rate to an off-site receptor due to
ground level release of iodines, tritium, and particulates

Critical organ dose rate to a receptor at the Science &
Nature Center due to an elevated release of iodines,
tritium, and particulates

Critical organ dose rate to a receptor at the Science &
Nature Center due to a ground level release of iodines,
tritium, and particulates

Critical organ dose rate to a receptor at the "Rocks" due
to an elevated release of iodines, tritium, and
particulates

Critical organ dose rate to a receptor at the "Rocks" due
to a ground level release of iodines, tritium, and
particulates

Skin dose rate to an off-site receptor due to noble gases
in an elevated release

Skin dose rate to an off-site receptor due to noble gases
in a ground level release

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

B.1-18

Units

mrem-sec/puCi-yr

mrem-m°>
pCi-yr

mrem- sec/uCi-yr

mrad- m>
pCi-yr

mrad-m’®
pCi-yr
mrem
yr

mréem
yr

mrem
yr

mréem
yr

mrém
yr

mrem
yr

mrem
yr

mrém
yr

mréem
yr
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Variable

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

Definition

DskinE(g)
DskinR(e)
DskinR(g)
Dtb(e)
l-)!b(g)
Dth(e)

Deg

Duree

DtbR(g)
D/Q

ECL;

Fq
Fin

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

Skin dose rate to a receptor at the "Rocks" due to noble
gases in an elevated release

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

Total body dose rate to an oft-site receptor due to noble
gases in.an elevated release

Total body dose rate to an oft-site receptor due to noble
gases in a ground level release

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

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

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

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

Deposition factor for dry deposition of elemental
radioiodines and other particulates

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

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

Actual or estimated flow rate out of discharge tunnel
Flow rate past liquid waste test tank monitor

Maximum allowable discharge flow rate from liquid
test tanks based on all (beta — emitting and gamma —
emitting) radionuclides

B.1-19

Units

mrem
yr

mrem
yr

mrem
yr

mrem
yr

mrem
yr

mrem
yr

mrém
yr

mrem
yr

mrem
yr

=i

puCi/ml
Dimensionless

gpm or ft*/sec
gpm
gpm
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Variable

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

Definition

Fmaxy

fglzmd

fi; £5; f3; £ f5
FP
MPC;

Qi
Q
Rsetpoint

Rskin

Rip

Si

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

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 which is < 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)

Release to the environment for radionuclide "i"

Release rate to the environment for radionuclide "i"

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

B.1-20

Units

gpm

Dimensionless

CcC

sec
Dimensionless
Dimensionless
Dimensionless
uCi/cc

curies, or p curies

uCi/sec
pCi/ml

cpm, or pCi/sec
cpm, or uCi/sec

Dimensionless

cpm mR/ hr
or

#Ci-cc uCi/ce

cpm_ mR/ hr
#Ci-cc #Ci/cc

cps/uCi/ml
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Variable

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

Definition

Sii
X/Q

[X/Qly

SWF
PCC

Detector counting efficiency for radionuclide "i"

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

Effective long-term average gamma atmospheric
dispersion factor (Tables B.7-4, B.7-5, and B.7-6)

Service Water System flow rate

Primary component cooling water measured (decay
corrected) gross radioactivity concentration

Unitless factor which adjusts the value of atmospheric
dispersion factors for elevated or ground-level releases
with a total release duration of t hours

B.1-21

Units

cps/uCi/ml

S€C

gph
uCi/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 Beta Skin Dose Combined Skin Dose  Combined Skin Dose Beta Air Dose Gamma Air Dose

Body Dose Factor Factor Factor for Elevated Factor for Ground Factor Factor
Radio- _ 5 Release Points Level Release Points 3 ;
nuclide mrem- w3 _ mrem-m o mrem- sec ,  mrem-sec B mrad-m ¥ mrad-m

DFB; (— y”r’ ) DRI PRl O PR C ) PR ey ) DRy oCivyr
Ar-41 8.84E-03 2.69E-03 1.09E-02 6.20E-02 3.28E-03 9.30E-03
Kr-83m 7.56E-08  ee--- 1.81E-05 7.28E-05 2.88E-04 1.93E-05
Kr-85m 1.17E-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 5.92E-03 9.73E-03 1.38E-02 1.21E-01 1.03E-02 6.17E-03
Kr-88 1.47E-02 2.37E-03 1.62E-02 8.10E-02 2.93E-03 1.52E-02
Kr-89 1.66E-02 1.01E-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 = 8.84 x 107
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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 DFLis ( Ci ) DFLimo ( LiCi )
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
1-130 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
[-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. TRITIUM AND PARTICULATE RELEASES

Critical Ofgan 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

Release Point

Radio- DFGico) (w) DFGico() (m) DFGicote) (—mrem- Se._c) DFG'ico(g) (—_mrem- Se.:c)
nuclide HCi 1Ci yr-pCi yr-uCi
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 1.01E+00
Mn-54 1.11E-06 3.79E-06 4.38E+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. IOE-O7 - 5.39E-01 3.56E+00
Ru-103 3.03E-06 1.04E-05 9.62E+01 3.31E+02
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 2.11E+02
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
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  PF e (a2 i Tcinyr ®© "\ 4 Ci-yr R " 4 Ci-yr
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 927E-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

e DR () DR (L0 DRy (UGS DRy (G0
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+401 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 3.63E+03
Zn-65 7.34E-07 - 3.19E-06 3.31E+01 1.33E+02
Sr-89 1.15E-07 ’ 1.61E-06 3.63E+00 5.08E+01
Sr-90 5.14E-06 7.19E-05 1.62E+02 2.27E+03
Zr-95 3.38E-07 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 5.33E+00 3.19E+01
Ag-110m 3.43E-06 1.54E-05 1.55E+02 6.34E+02
Sb-124 6.96E-07 4.46E-06 2.89E+01 1.67E+02
[-131 7.79E-07 1.08E-05 2.47E+01 3.41E+02
I-133 1.84E-07 2.56E-06 5.83E+00 8.11E+01
Cs-134 6.83E-06 2.53E-05 3.08E+02 1.14E+03
Cs-137 1.03E-05 3.81E-05 4.64E+02 1.72E+03
Ba-140 1.14E-07 1.42E-06 3.85E+00 4.54E+01
Ce-141 4.09E-08 4.51E-07 1.45E+00 1.48E+01
Ce-144 6.95E-07 9.11E-06 2.27E+01 2.90E+02
Other* 2.26E-06 9.24E-06 1.02E+02 3.91E+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.1-15
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-  DFGiux () DFGieoris) () DFG iy (ot 50y DEG! ) (oot
nuclide uCi #Ci #Ci-yr H#Ci-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 5.77TE+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.
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2.0 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, which limits the total fraction of ECL in liquid pathways, other than noble gases

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

G . e . .
F *¥¢ " is limited to less than or equal to ten, i.e.,
1

ENG

F™ < 0.

1

The total concentration of all dissolved and entrained noble gases at the point of discharge from
the multiport diffuser from all station sources combined, denoted CING , is limited to
2E-04 pCi/ml, i.e.,

CNC <2E-04 pCi/ml.

Appendix C, Attachments 3 and 4, provide the option and bases for the use of the EMS
determination of liquid concentration limits for plant discharges to the environment.

21  Method to Determine F,*N¢ AND C,~¢

First, determine the total fraction of ECL (excluding noble gases), at the point of discharge from
the station from all significant liquid sources denoted FIENG ; and then separately determine the
total concentration at the point of discharge of all dissolved and entrained noble gases from all
station sources, denoted CING , as follows:

F7¢ = =3 Gy @-1)
! » + ECL;
uCi/mly
uCilml
and:
C° =3 C° <2E-0 22)
(uCi/ml) (uCi/ml) (nCi/ml)
" where:
Ff "' = Total fraction of ECL in liquids, excluding noble gases, at the point of discharge from the

multiport difuser.
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Cpi = 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

(uCi/ml).

ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and
entrained noble gases) in nCi/ml as specified in 10 CFR 20, Appendix B,
Table 2. See Appendix B for a list of ECL values.

C"° = Total concentration at point of discharge of all dissolved and entrained noble
gases in liquids from all station sources (uCi/ml)
Ci"9 = Concentration at point of discharge of dissolved and entrained noble gas "i" in

liquids from all station sources (WCi/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.

B.2-2 ODCM Rev. 32 |



222

223

224
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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 ) 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 1A 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 software verification documentation are
contained in Appendix C.

The Annual Radioactive Effluent Release Report, 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 appropriate 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 impact 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 explicitly described in the effluent report, along with the bases for
the deviation.
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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 each 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 1A 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  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.

3.2.1 Method]I

The total body dose from a liquid release is:

D. = kz Q; DFLi 3-1)

ovem) = () (ucr) ("0

where

DFLig = 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.

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

k = 918/F4; 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 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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3.2  Method to Calculate the Total Body Dose from Liquid Releases
3.2.1 Method I (Continued)

Equation 3-1 can be applied under the following conditions (otherwise, justify Method 1 or consider
Method 11):

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 A is implemented by the EMS software as described in Appendix C. Liquid release
models are detailed in sections 2.1 - 2.6 of the EMS Technical Reference Manual (Attachment 4
of Appendix C).: ~

322 Method I

Method Il consists of the models, input data and assumptions (bioaccumulation 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 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 11 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 (M, = 0.10).

B.3-5 ODCM Rev. 32 |



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 a 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 organ dose from a liquid release to
unrestricted areas (see Figure B.6-1) as it is simpler to execute and more conservative than
Method II. -

Use Method II if a more refined calculation of organ dose is needed, i.e., Method I or Method 1A
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..=kY Q DFLuns | (32

4Ci

mrem J

(mre@ = () (#Ci)[

DFLimo =  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/F4; where Fy 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 applied under the following conditions (otherwise, justify Method I or consider
Method II):
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 IA is implemented by the EMS software as described in Appendix C. Liquid release
models are detailed in sections 2.1 - 2.6 of the EMS Technical Reference Manual (Attachment 4
of Appendix C). ’

Method II

Method II consists of the models, input data and assumptions (bioaccumulation 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 11 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 mixing zone dilution to the same
value assumed in Method I (M, = 0.10).
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3.4  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 11 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.

34.1 Method I

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

D, =~ 08 *Z (Q* DFBi) | | | (3-3a)

mrem _ ( pCi-sec 5 yCi) mrem - m°
yr uCi—m’ sec pCi-yr

where
- » = The off-site total body dose rate (mrem/yr) due to noble gases in elevated effluent
releases,
(.)‘ = the release rate at the station vents (uCi/sec), for each noble gas radionuclide, "i"
l 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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3.4  Method to Calculate the Total Body Dose Rate from Noble Gases

3.4.1 Method I (Continued)

Dug= 34 *> (Q*DFB) (3-3b)
mrem _ ( pCi-sec 7 (,UCIJ mrem - m’
yr uCi—m’ sec pCi-yr
where
Dwg =  The total off-site body dose rate (mrem/yr) due to noble gases in ground level

equivalent effluent releases, and

é and DFB; are as defined for Equation 3-3a.

For the special on-site receptor locations, the Science & Nature Center and the "Rocks," the total
body dose rates due to noble gases in effluent discharges can be determined as follows:

For the Science & Nature Center, elevated effluent release:

Dueo = 0.0015% > (Q, * DFB) (3-3¢)
For the Science & Nature Center, ground level effluent release:

Due =0.0074* " (Q, * DFB) | (3-3d)
For the "Rocks," elevated effluent release:

Dere =0.038* 3" (Q, * DFB) | (3-3¢)
For the "Rocks," ground level effluent release:

Dun =0-2* X (Q,* DFB) (3-3f)

where

Dutece)> Divecg)> Divkeys and D, R(g) = 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 (¢)
and ground level (g) release points, and

Qi 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).

3.42 Method I

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 (Sf) 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 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 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 1), 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 release rates.

Use Method 11 if a more refined calculation of 1), 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. Determinations of dose rate for compliance with Part A Controls are
performed when the effluent monitor alarm setpoint is exceeded.

3.5.1 Method I

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

Dskin(e) = z (Q1 *DF, i,(e)) (3-4a)
mrem _ ¥ HCi mrem - sec
yr sec HCi-yr
where
Duw = the off-site skin dose rate (mrem/yr) due to noble gases in an effluent discharge
skin(e) yr
from an elevated release point,
Q, = as defined previously, and
DF, = the combined skin dose factor for elevated discharges (see Table B.1-10).
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For an off-site receptor and ground level release, the skin dose rate due to noble gases is:
Dskin(g) = z (Q, * DFi’(g) ) . (3 _4b)

where

D skin(g).

]

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

0, = 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:

DskinE(e) =0.0014* z (Ql * DFi'E(e)) : ’ (3-4¢)

where

D skin) The skin dose rate (mrem/yr) at the Science & Nature Center due to noble gases

in an elevated release,

as defined previously, and

Q
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:

Dinee = 0-0014* 3 (Qi* DFy,, ) | (3-4d)

where

Duinee — the skin dose rate (mrem/yr) at the Science & Nature Center due to noble gases in a
ground level release,

Q, = asdefined previously, and

DF, = The combined skin dose factor for ground level discharges (see Table B.1-13).
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For an on-site receptor at the "Rocks" and elevated release conditions, the skin dose rate due to
noble gases is:

Daioro = 0-0076* 3° (Qi* DFy)) (3-4e)
where

Duinre —  the skin dose rate at the "Rocks" due to noble gases in an elevated release,

Q, = as defined previously, and

DFy, = 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: ‘

DskinR(g) =0.0076 * Z (Q, * DFi’R(g)) (3-4f)
where
Duir = the skin dose rate (mrem/yr) at the "Rocks" due to noble gases in a ground level
release,
Q, = as defined previously, and
DF, = 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 Method II

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 1 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 "*'I, "*’[, *H and
radionuclides in particulate form with half lives greater than 8 days to 1500 mrem/year to any
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 [),, 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 1A 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 II if a more refined calculation of ), 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 7.2.3 for basis.

3.6.1 Methodl

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(e)) (3'53)
mrem) _ y HCi . | mrem-sec
yr sec HCi-yr
where '
D cate) = The off-site critical organ dose rate (mrem/yr) due to iodine, tritium, and

particulates in an elevated release,

Q, = the activity release rate at the station vents of radionuclide "i" in pCi/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

DFG’;cofe = the site-specific critical organ dose rate factor
(e) p g Ci-yr

j for an elevated

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

where

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

follows:

DCO(g) = Z (Q1 DFG;co(g)) (3-5b)

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

Q, = as defined previously, and

DFG'icotg) = 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:

DcoE(e) =0.0014* z (Q, DFG;coE(e)) (3'5C)

DcoE(e)

i

Q

DFG IicoE(e)

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,

as defined previously, and

the Science & Nature Center-specific critical organ dose rate factor for an
elevated discharge (see Table B.1-14).
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For an on-site receptor at the Science & Nature Center and ground level release conditions, the
critical organ dose rate is:

DcoE(g) = 00014 * 2 (Q, * DFG;coE(g)) (3'5d)
where
Dt = the critical organ dose rate (mrem/yr) to a receptor at the Science & Nature
Center due to iodine, tritium, and particulates in a ground level release,
Q, = as defined previously, and
DFG'icore) = the Science & Nature Center-specific critical organ dose rate factor for 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
is:
DcoR(e) =0.0076* z (Q‘ * DFG;coR(e)) (3-5¢)
where
Deorey = The critical organ dose rate (mrem/yr) to a receptor at the "Rocks" due to iodine,
tritium, and particulates in an elevated release,
Q, = asdefined previously, and
DFG'icorgey = 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
rate is:
DcoR(g) = 00076 * Z (Q1 * DFG;coR(g)) (3"5f)
where
Der and Q, = are as defined previously, and

DFGicore) = the "Rocks"-specific critical organ dose rate factor for a ground level
discharge (see Table B.1-15).
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Equations 3-5a through 3-5f can be applied under the following conditions (otherwise, justify
Method I or consider Method I1):

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 Requlrements Specification
(Attachment 3 of Appendix C).

3.6.2 Method Il

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 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.

3.7.1 Method I

The general form of the gamma air dose equation is:

DL = 3.17E-02 = [%T 1" *Z<Qi * DFIY) (3-6)

i

(mrad) = [MJ ‘ (&] v () T(uCi) (—mra‘.i'm J
HCi-sec m pCi - yr

where
DY, is the gamma air dose.

3.17E-02 is the number of pCi per uCi divided by the number of second per year,
[X/QJ;,, is the 1-hour gamma atmospheric dispersion factor,

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

Qi is the total activity in uCi of each radionuclide "i" released to the atmosphere 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/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 gamma air dose can be
determined.
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Maximum off-site receptor location, elevated release conditions:

-0.275

Diwe = 32E-07 * {7 *T (Q*DR)
: 1

——J ()+ Z(W)[m)
m

Ci-yr

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

0.293

Dl = L.6E-06 * t*7° *¥ (Q*DF)
1

. - 3
(mrad) = (pCI yr mrad -m )

,uCi-m3J * )*Z(FCD( pCi-yr

Science & Nature Center receptor; elevated release conditions:
Dl =4.9E-10* 2% 3" (Q, * DF!)

. '— - 3
(mrad) = (RS y 1 ()3 (i TmAd0
#Ci-m pCi-yr

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

Disiee = 4-4E-09* 2% 3 (Q, * DF))

(mrad)= (P ()3 (i TEAdm
#Ci-m’" pCi-yr

Receptor at the "Rocks"; elevated release conditions:
Diimeo = 5:1E-09 ' * 3°(Q,* DFY)

pC1 yr mrad-m?

 (mrad)= ( ) ( )X (uCi*——=

pCi-yr
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f. Receptor at the "Rocks"; ground-level release conditions:
Diirg = 4.1B-08* £°* 3 (Q,* DF)) (3-6f)

- R
(mrad)= (200 ¢ ()5 (s TAIM.
#Ci-m pCi-yr
Equations 3-6a through 3-6f 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).

3.7.2 Method 1l -

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 7.2.4 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 pomt
(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 1A first to calculate the beta air dose from gaseous 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 1

The general form of the beta air dose equation is:

D%, =3.17E-02*(X/Q),,, *t** > (Q,* DF/) (3-7)
. _ i
O P N R (B
#Ci-m m . pCi-yr
where
Dﬁ, 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)1nr is the 1-hour undepleted atmospheric dispersion factor,

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

Qi is the total activity (Ci) 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-7T*¢"** > (Q * DF/)

pCl yr mrad- m®

(mrad) = ( ) ()X (uCi*——

pCi-yr

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

D&y = 6.0E-06* 317 Z(Qi * DF?)

pC1 yr mrad-m’

(mrd)( )()Z(C*

pCi-yr

Science & Nature Center receptor; elevated release conditions:
DgrE(e) =1.8E-09* %% * Z(Ql *DFf)

mrad-m’
pCi-yr

C1 yr

(mrad) = ( ) ()2ZuCi*——)

Science & Nature Center receptor; ground-level release conditions:
Dl = 2.4E-08* 17 * " (Q,* DFY)

mrad-m’
pCi-yr

pC1 yr

(mrad)= ( ) ()X (uCir———

Receptor at the "Rocks"; elevated release conditions:
Diire = 3-9E-08* 2 * > "(Q,* DF/)

mrad-m’
pCi-yr

pC1 yr

(mrad)= ( ) ()X (uCi*———

Receptor at the "Rocks"; ground-level release conditions:
Df’uR(g) =4.6E-07 *¢ %7 * Z(Q. *DFY)

mrad- m®
pCi-yr

pC1 yr

(mrad)= ( ) ()X (uCi*——=)
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Equations 3-7a through 3-7f can be applied under the following conditions (otherwise justify
Method I or consider Method 1I):

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

Method 1A is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Sofiware Requirements Specification
(Attachment 3 of Appendix C).

3.8.2 Method Il

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 Il 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 Method to Calculate the Critical Organ Dose from lodines, 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 1I.

Use Method II 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.

3.9.1 MethodI

Deo = (X/Q)t /(X/Q)e? * £** )" (Q, * DFGico) (3-8)
sec, , Sec mrem

(mrem)=(—)/(—)*( )* X (uCi)*( )
m m

u#Ci
where

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

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

(X/Q):;"[ is the annual average depleted atmospheric dispersion.

t? is a unitless adjustment factor to account for a release with a total duration of t hours,

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

DFGic, is the site-specific critical organ dose factor for radionuclide "i", see Tables B.1-12,
B.1-14, and B.1-15. (For each radionuclide, it is the age group and organ with the largest dose
factor.)

Incorporating receptor location-specific atmospheric dispersion factors (X/Q)}" and (X/Q)=%)

and adjustment factors (t'*) for elevated and ground-level release conditions, and incorporating
occupancy factors when applicable (see Section 7.2.7), yields a series of equations by which the
critical organ dose can be determined.
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Maximum off-site receptor location, elevated release conditions:
Deoge) = 14.8* t-0'297 * Z(Ql * DFGico(e))
i

mrem

(mrem)=( )*( )X (pCi* ot
u#Ci

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

Dco(g) =17.7* t-o'316 * Z(Ql * DFGico(g))

mrem
u#Ci

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

Science & Nature Center receptor; elevated release conditions:
Deorey = 3.3E-02* 3% Z(Q, * DFGicore))

mrem
#Ci

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

Science & Nature Center receptor; ground-level release conditions:
Deocey = 3-3B-02* £°°7* 3 (Q, * DFGicorp)

mrem
uCi

(mrem)=( )*( )2 (uCi* )

Receptor at the "Rocks"; elevated release conditions:
Deore = 7-3E-02* 2% * 3" (Q,* DF Gicore))

mrem

(irem)=( )*( )T (uCi* 2D
uCi

Receptor at the "Rocks"; ground-level release conditions:
DcoR(g) = 8.6 E' 02 * t-0.267 * Z(Q1 * DFGicoR(g))

(mrem)=( )*( ) (uCi* )
u#Ci
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Equations 3-8a through 3-8f can be applied under the following conditions (otherwise, justify
Method I or consider Method II):

1. Normal operations (nonemergency event),
2. lodine, tritium, and particulate releases via station vents to the atmosphere, 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 Sofiware Requirements Specification
(Attachment 3 of Appendix C).

39.2 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 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 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 Method to Calculate Direct Dose from Site Operations

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.

3.10.1 Method

The direct dose from the plant and Dry Fuel Storage (DFS) facilities 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 plant operations and DFS
environmental monitoring programs, and subtracting out the dose contribution from background.
Realistic occupancy factors should be applied to the estimation of annual dose to MEMBERS OF
THE PUBLIC from Seabrook site operations. 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 Science and
Nature 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.

For TLD assessments, the direct dose from plant area sources and DFS operations is determined
by comparing the expected annual data for environmental TLD locations near the site boundary
or public access areas to pre-operational data for the same locations.

The expected measurement for each indicator TLD location is determined as a function of the
observed change in exposure rate at the control location TLD data (i.e., TLD locations more than
20 km from the site) for the current year and for the pre-operational monitoring program as

follows:
X
X, =X,
X,
where:
X, = the expected TLD measurement for a given location, independent of any direct
radiation from station facilities,
X, = the average pre-operational TLD' measurement response for the location of

interest,

! For the DFS, the pre-operational period includes those DFS environmental monitoring program TLD
measurements made prior to fuel assemblies being moved into the DFS facility.
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X = the average TLD measurement for the control TLD locations (TL'-36 through
TL-38 and TL-40 through TL-42)? in the current year, and '

X . =  the average TLD measurement for the control TLD locations (TL-36 through
TL-38 and TL-40 through TL-42) in the pre-operational period®

All doses are expressed in mR/91days. This is the length of a standard quarter which places all
quarterly TLD field measurement on equivalent time intervals for comparisons.

The current year annual average measurement for each TLD location (X,) is compared to the
expected TLD measurement (X¢) by taking the difference between the current measurement
value and the expected value (X, - X¢). A direct dose component due to plant or DFS operations
is assumed if the difference between the current annual average TLD measurement (X,) and the
calculated expected value for a TLD location (X.) is greater than 20% (unless an evaluation can
show that this difference is not plant related):

[(Xo - Xe)/Xe > 0.2]

For those measurements determined to reflect an increase due to plant or DFS operations, the net
dose is estimated as the difference between the observed location value and the expected value
Xo — Xo).

The 20% criterion in increased dose is selected based on its similar use as a significance criterion
in NUREG-1301 (Land Use Control 3/4.12.1, Action b). The 20% increase criteria is also
related to the ability of the TLDs to differentiate a true positive increase above a fluctuating
background in the low dose ranges associated with environmental TLD measurements (20% is in
the range of the typical 3-sigma counting statistics on the TLD readouts).

? Control location TL-39 was not included since it has been moved from its original pre-operational location.
Control locations can be added or removed from the assessment if their locations or nearby environments are
altered from their baseline conditions.
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3.11 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 resulting 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.

3.11.1 Liquid Dose Projections

The 31-day liquid dose projections are calculated by the following:

a. Determine the total body Dy, and organ dose Dp, (Equations 3-1 and 3-2, respectively) for
the last typical completed 31-day 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 operation vs. periods when the plant is shut down. For periods with
identified operational differences, skip to subsection 3.11.1.e. below.

b. Calculate the ratio (R;) of the total estimated volume of batch releases expected to be
released for the projected period to that actually released, in the reference period.

c.  Calculate the ratio (Ry) of the estimated gross primary coolant activity 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: Dy pr =Dy . R . Ry
Max. Organ: Dyopr = Do . Ri . Ry

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.6-1. The volume of liquid 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.

B.3-30 ODCM Rev. 32 |



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 Dy, 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 Gaseous 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.¢. 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. If no 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: Diiepr =Dl -Rs
Beta Air: D =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.¢. below.
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b.  Calculate the ratio (R4) of anticipated primary coolant dose equivalent I-131 for the
next 31 days to the average dose equivalent I-131 level during the reference period.
Use the most current determination of DE I-131 as the projected value if no trend
can be determined.

c.  Calculate the ratio (Rs) of anticipated primary system leakage rate to the average
leakage rate during the reference period. Use the current value of the system
leakage as an estimate of the anticipated rate for the next 31 days if no trend can be
determined.

d.  Determine the projected dose from:
Critical Organ: Do pr = Deo - R4 . 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
effluent 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 mrem, or 8% of the 10 CFR 20.1301 limit. This is a reasonable
trigger value for the need to consider 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

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.”

3.12.1 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 [equivalent limits to 10 CFR 72.104(a) when considering Dry Fuel Storage]. ’

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, including direct radiation from the Dry Fuel Storage facility, 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 I models are derived from the methods given in Regulatory Guide 1.109, Rev. 1,
October 1977.

The direct radiation component from the plant and the Dry Fuel Storage 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

4.1

4.2

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

The Radiological Environmental Monitoring Program consist of two interconnected sample
collection and measurement schedules that look for environmental influences from: (1) plant
operations which release to the environment radioactive materials in liquid and gaseous effluents,
and direct radiation from plant facilities inside the power block Protected Area, and (2) direct
radiation from used fuel placed in the Dry Fuel Storage (DFS) facility located in the West
Southwest sector approximately 0.38 miles from the Containment Building. Several monitoring
locations provide data that are shared or used in the assessment of both plant and DFS operations

Plant Operations REMP

The plant operations related radiological environmental monitoring 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.

All 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 $.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 roadside, aerial survey, or consulting with local agricultural
authorities.

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 specified 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.

Dry Fuel Storage Facility Monitoring Program

The DFS radiological environmental monitoring stations are listed in Table B.4-2. The
measurement locations with respect to the Seabrook site area are shown on Figures B.4-4 and
B.4-7.

The results of the Dry Fuel Storage environmental monitoring are summarized and reported in
the Annual Radiological Environmental Operating Report.
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TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

vaposure Pathway
and/or Sample

Sample Location
and Designated Code

Distance From

1. 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

T™-09
TM-15
TM-20

b. Fish and Invertebrates(c)

FH-03

FH-53

HA-04
HA-54
MU-06
MU-09
MU-56
MU-59

Unit 1
Containment (km)

PSNH Barge Landing Area 2.6
Harbor Road. 2.5
SW Boundary 1.0
W. Boundary 1.2
Winnacunnet H.S.® 4.0
(PSNH Substation) 5.7
E&H Substation™ 34
Georgetown 214
Electric Light (Control)
Hampton-Discharge Area 53
Ipswich Bay (Control) 16.9
Hampton-Discharge Area® 53
Hampton Beach® 3.1
Seabrook Beach 32
Ipswich Bay (Control)® 16.9
Plum Island Beach 15.9
(Control)®

Hampton, NH @ 53
Hampton Falls, NH @ 6.9
Rowley, MA @ 17.0
Hampton - Discharge Area 4.5
Ipswich Bay (Control) 16.4
Hampton - Discharge Area 5.5
Ipswich Bay (Control) 17.2
Hampton - Discharge Area 52
Hampton Harbor™® 2.6
Ipswich Bay (Control) 17.4
Plum Island® 15.8

B.4-2

Direction From
the Plant

ESE
SW

NNE
NNW

SSE
SSw

SSE

ESE
SSE
SSE

NNW
NW

ESE
SSE

SSE

SSE
SSE
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4.

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

TABLE B.4-1

Exposure Pathway
and/or Sample

Sample Location
and Designated Code

(Continued)

c. Food Products

TG-08
TG-09
TG-10

DIRECT RADIATION
TL-1

TL-2
TL-3

TL-4

TL-5

TL-6

TL-7
TL-8
TL-9
TL-10
TL-11
TL-12
TL-13
TL-14
TL-15

TL-16
TL-17
TL-18
TL-19
TL-20

TL-21
TL-22

Distance From
Unit 1
Containment (km)

Site Boundary
Site Boundary
Georgetown Light

Brimmer's Lane,
Hampton Falls

Landing Rd., Hampton
Glade Path, Hampton
Beach

Island Path, Hampton
Beach

Harbor Rd., Hampton
Beach

PSNH Barge Landing
Area

Cross Rd., Seabrook Beach
Farm Lane, Seabrook
Farm Lane, Seabrook
Site Boundary Fence ©
Site Boundary Fence ©
Site Boundary Fence ©
Inside Site Boundary ©
Trailer Park, Seabrook ©
Brimmer's Lane,
Hampton Falls
Brimmer's Lane,
Hampton Falls

South Rd., N. Hampton
Mill Rd., N. Hampton
Appledore Ave.,

N. Hampton

Ashworth Ave.,

Hampton Beach

Route 1A, Seabrook Beach
Cable Ave.,

Salisbury Beach

)

B.4-3

1.05

97
21.4

97

3.0
2.9

23

2.5

27

2.6
1.3
1.3
1.2
1.0
1.2
1.2
1.3
1.4

1.2
7.8
7.6
7.7
3.2

3.7
7.6

Direction From

the Plant

SwW
SSw

NNE
NE

ENE

ESE

SE
SSE

SSwW
Sw
WSW

WNW
NW

NNW
NNE
NE
ENE

SE
SSE

ODCM Rev. 32 |



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
TL-24 Ferry Lots Lane,

Salisbury -
TL-25 Elm St., Amesbury
TL-26 Route 107A, Amesbury
TL-27 Highland St., S. Hampton
TL-28 Route 150, Kensington
TL-29 Frying Pan Lane,

Hampton Falls
TL-30 Route 27, Hampton
TL-31 Alumni Drive, Hampton
TL-32 Seabrook Elementary School
TL-33 Dock Area, Newburyport
TL-34 Bow St., Exeter
TL-35 Lincoln Ackerman School
TL-36 Route 97, Georgetown

(Control) ©
TL-37 Plaistow, NH (Control) ©
TL-38 Hampstead, NH (Control)
TL-39 Fremont, NH (Control) ©
TL-40 Newmarket, NH (Control) ©
TL-41 Portsmouth, NH, (Control)™®
TL-42 Ipswich, MA (Control)®®

B.4-4

8.1
7.2

7.6
8.1

75

7.5
7.2

7.6
3.8
2.0
9.8
12.0
23
22.6

21.5
27.7
27.0
21.6
21.0
22.8

Direction From
the Plant

SSwW

SwW
WSW

WNW
NwW

NNW
NNE

NW
NNW
SSW
WSw

WNW
NNW

SSE
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TABLE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®
(Continued)

(a) Sample locations are shown on Figures B.4-1 to B.4-6.

(b) 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.

(c) 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 important
species" be collected in the vicinity of the 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 monitoring important pathways to man, three fish and invertebrate
species have been specified as a minimum requirement. Samples may include marine fauna such
as lobsters, clams, mussels, and bottom-dwelling 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)

(d) Monitoring program defined in Part A of ODCM does not require this sample location; food
product sampling is being implemented in lieu of an insufficient number of milk locations.

(e) Indicates locations shared with DFS monitoring.
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DRY FUEL STORAGE RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS

Exposure
Pathway

DIRECT
RADIATION
TL-44
SB-36
TL-67
SB-35
TL-68
TL-69
TL-10
TL-11
TL-12
TL-13
TL-14
TL-36
TL-37
TL-38
TL-39
TL-40
TL-41
TL-42

(1) This location is not part of the required DFS radiological monitoring program defined in Table

A.9.4-1 of the ODCM.

(2) Shared environmental monitoring locations for both plant REMP (see Table B.4-1) and DFS

monitoring.

TABLE B.4-2

Sample Location Distance From Direction
and Designated Code DFS Pad From
Containment (km) DES Pad
On-site, outside Science & Nature Center ¢V 0.21 ESE
On-site, inside Science & Nature Center 0.24 SE
On-site, outside near Fitness Center parking 0.05 S
On-site, inside Fitness Center 0.08 S
Nearby site boundary (dump) to DFS 0.45 %
Nearby site boundary (Rocks Rd) to DFS 0.47 w
Site Boundary Fence @ 0.81 S
Site Boundary Fence 0.52 SSwW
Site Boundary fence 0.53 WSWwW
Inside Site Boundary ¥ 0.61 WNW
Trailer Park, Seabrook 0.94 NwW
Rt 97, Georgetown (Control) 22 SSW
Plaistow, NH (Control) ) 21 WSW
Hampstead, NH (Control) @ 27 'Y
Fremont, NH (Control) ¥ 27 WNW
Newmarket, NH (Control) 22 NNW
Portsmouth, NH (Control) ()@ 22 NNE
Ipswich, MA (Control) V@ 22 SSE
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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
4 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-5
DIRECT RADIATION MONITORING LOCATIONS BETWEEN
4 KILOMETERS AND 12 KILOMETERS FROM SEABROOK STATION
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FIGURE B.4-6
DIRECT RADIATION MONITORING LOCATIONS OUTSIDE
12 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-7
DRY FUEL STORAGE RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS
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5.0 SETPOINT DETERMINATIONS

Chapter 5 contains the methodology for the calculation of effluent monitor setpoints to
implement the requirements of the radioactive effluent monitoring systems Part A
Controls C.5.1 and C.5.2 for liquids gases, respectively.

Example setpoint calculations are provided for each of the required effluent monitors.
54 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, Appendix B, Table 2, and a total noble gas MPC.

5.1.1 Liquid Waste Test Tank Monitor (RM-6509)

The liquid waste test tank effluent monitor provides alarm and automatic termination of
release prior to exceeding ten times the concentration limits specified in 10 CFR 20,
Appendlx B, Table 2, Column 2 to the environment. It is also used to monitor dlscharges
from various waste sumps to the environment.

5.1.1.1 Method to Determine the Setpoint of the Liquid Waste Test Tank Monitor (RM-6509)

The alarm setpoint is based on ensuring that radioactive effluents in liquid 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:

First, the minimum required dilution factor is determined 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 composite 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 pCi/ml
total for all dissolved and entrained gases. Therefore,

DFmn = S —C—  or TS whichever is larger. (5-3)

10ECL: 2E-04°
Where:
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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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
(uCi/ml).

Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and
entrained noble gas) in uCi/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 (DFpnin) 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,

F. = F4
DFmin
Where:
Fmax =
Fd =

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:

For Waste Test Tank (WTT) releases, tritium is expected to be the radionuclide with the
highest concentration, and therefore requires the highest dilution 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 (DF,;,) 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
DFpmin (given in equation (5-3)) to only the gamma-emitting radionuclides present in the

waste.

DFminY

ECL;

Where:

DFminy = Z (Cly/IOECLl ) (5'33)

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 10 (dimensionless).

Activity concentration of each detectable gamma-emitting radionuclide "i" in
the mixture (uCi/ml).

As defined previously.

As in the determination of Fpax 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-emitters, Fnayy, is obtained by dividing the discharge
tunnel flow, F4, by DFniny. This determination is based on the assumption that there are no
additional discharges of liquid waste at the time of release from the test tanks. Therefore,

Fmaxy

Fq

FmaxYa = Fd/ DFminV

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).

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 (Fy,) from the test tanks compared to the
maximum allowable discharge rate based on all radionuclides that are present (Fyax) and the
maximum allowable discharge rate based on only gamma-emitting radionuclides that are
present (Fmaxy) must satisfy the following:

Fm S Fmax*fnSFmaxY*ftt

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:

Rsetpoint = fl X —LXZC}/’ (5'1)
Fm X DFminy

= The maximum allowable alarm/trip setpoint for an instrument response
(uCi/ml) that ensures the limiting concentration at the point of
discharge is not exceeded.

Rsetpoim

fi = The fraction of the total contribution of ECL at the discharge point to
be associated with the test tank effluent pathway, where f, f3, f; 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+f+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 Liquid Waste Test Tank Monitor Setpoint Example

The radioactivity concentration of each radionuclide, C;, 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 C; (uCi/ml) ECL; (uCi/ml) ECL; (uCi/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 1.50E-01 1E-03 1E-02

The minimum required dilution factor for this mix of radionuclides (including beta-emitters) is:

G _ 2.15E-05+7.48E-05 N 2.56E-05 + 1.50E-01 _
10ECL; 9E - 06 1IE-05 3E-05 1E-02

DFmin = z 26

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 (Fg4) 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 (Fq)
is taken as 412,000 gpm, the maximum allowable discharge rate (Fmax) is:

Fmax = L
DFmin

412,000
26

15,846 gpm

Next, the required dilution factor for only gamma emitters in the mix is:

2.15E-05 +7.48E-05 + 2.56E-05
9E -06 1E -05 3E-05

DFminy = 2 (Ciy/10ECL:) = =11

The maximum allowable discharge flow rate (Faxy) considering only gamma emitters is given as:

__Fa_ _ 412,000
p—— gp

= = 37,455 gpm
DFiny 11 m gp

Fmaxy
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With the selected release rate from the test tank set at 150 gpm, and the administrative flow fraction
(fir) assumed in this example to be 0.7, the condition for the control concentration limits is met since:

Fm (equal to 150) < Fyax (equal to 15,846 gpm) x fi; (set at 0.7)
< Finaxy (equal to 37,455 gpm x Fy (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:

Fq .
Rsetpoine = 1 X = X ZC 1 5-1
tpoint 1 F xDF Y | (5-1)

miny
puCiml () () nCi/ml

X 412,000
50x11

= 1.22E - 02 pCi/ml

Rsetpoint = 04 X 1 22E - 04

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 the total activity is less than the ECL, the setpoints of
RM-6521 are calculated as follows:

High Trip Monitor
Setpoint (uCi/ml) = f> (DF") ("unidentified mix ECL" (uCi/ml)) (5-21)
where:
Circulating water flow rate (gpm)
DF’ = 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 10 CFR 20, Appendix B, Notes.

f = 1-(fi + 3+ f; + f5); where the f values are described above.

In addition, a warning alarm setpoint can be determined by multiplying the high trip alarm point by an
administratively selected fraction (as an example, 0.25).

Warning Alarm High Tri
igh Tri
Monitor Setpoint | = ) 8 p. (0.25)
. Monitor Sepoint
(uCi/ml)

5.1.3 Steam Generator Blowdown Liquid Sample Monitor (RM-6519)

The steam generator blowdown 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 liquid monitor setpoint should be based on the most restrictive
ECL for an "unidentified" mixture or a mixture known not to contain certain radlonuchdes
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:

RCw =1x10° e SWF ¢ i 6
gal) _ (#_Ci) _gfﬂj ml
hr ml J\ hr ) { xCi
RCyet = 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% 251 4 1 0x10° gph (1/1x10° 251
ml ml

RCset =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"® pCi/ml can be found from:

co = 1x107° x £Ci/mlx 1000 gph
set PCC

(5-24)
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5.1.5 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.

5.1.6  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 or equivalent'), 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" (uCi/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 10CFR20, Appendix B, Notes.

fs ' = 1 - (fi + > + £+ £4); where the f values are described in Section

5.1.1.1 above.

In addition, a warning alarm setpoint can be determined by multiplying the high trip alarm
point by an administratively selected fraction (as an example, 0.25).

! The Condensate Polishing System (CPS) has the provision to discharge temporary tanks as batch
releases through the same discharge path as the Neutralization Tank (TK-32). The requirements for
discharges from a temporary tank through this CPS pathway are equivalent to those of the Neutralization
Tank.
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Warning Alarm

High Tri
Monitor Setpoint | = (M .:g Srlp. t) (0.25)
0
(Ci/ml) nitor Sepoin
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5.2 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.7.1.1 is not
exceeded.

5.2.1 Plant Vent Wide-Range Gas Monitors (RM-6528-1. 2 and 3)

The plant vent wide-range gas monitors are shown on Figure B.6-2.

5.2.1.1 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 uCi/sec) is set by limiting the off-site noble gas dose rate to the total body or to the skin, and is
denoted Rgetpoint. Rsetpoint 1S the lesser of:

1
Ry =588 f, (5-5)
* 7 DFB. |
-~ .— 3 '-
pCilico= (M4 CEm) (DCEY
yr-pCi-sec mrem-m
and:
1
. =3,000 — f 5-6
Rskm DF,C v ( )
. mrem, . uCi-yr
p1Cifsec=( ) (
yr mrem-sec
where:
Ru = Response of the monitor at the limiting total body dose rate (uCi/sec)
500 mrem- 4 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
1E+06 = Number of pCi per pCi (pCi/uCi)
8.5E-07 = [X/Q]Y, maximum off-site long-term average gamma atmospheric dispersion

factor for primary vent stack releases (sec/m>)
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DFB,

i

DFB; =
Riskin =
3,000 =

DF’, =

DF 'i(e)

2 Q,DFB;

Composite total body dose factor (mrem-m>/pCi-yr)

oK) 7

The fraction of the offsite limiting total body dose rate to be
administratively assigned to the plant vent (f, < 1 -f; , where f; is the
fraction of the limiting dose rate to be assigned to monitored ground level
releases) '

The relative release rate of noble gas "i" in the mixture, 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 (uCi/sec)
The offsite limiting skin dose rate (mrem/yr)

Composite skin dose factor (mrem-sec/puCi-yr)

2 Q,DF',

-8
) -9

= Combined skin dose factor for elevated release point (see Table B.1-10)
(mrem-sec/pCi-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’ie):
0, DFB; DF '

_ uCi mrem-m°> mrem-sec

! (g pCi-yr uCi-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;

s 0 (-7

DFB.=

Y OQ,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 (uCi-mrem-m*/sec-pCi-yr)

%Q

2.52E+02 + 7.90E+01 + 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 e —
¢ 1.00E+03

= 4.86E-03 (mrem-m>/pCi-yr) (

and therefore:

Rep = 588 f, - (5-5)

[

1

= (588 1
(4.86E-03)

0.7

= 8.47E+04 uCi/sec
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and next;

¥ §,DF,

DF! = ) (5-8)
> QDE = (2.52E+02)(1.20E-02) + (7.90E+01)(1.38E-02) + (1.15,E+O2) (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 (uCi-mrem-sec/sec-puCi-yr)
DF'. = 6.80E + 00
1.00E + 03

= 6.80E-03 (mrem -sec/uCi - yr)
and therefore:

1
Rin = 3a000 ﬁ fv (5_6)

c

1
= (3,000 —) 0.7
( ) (6.80E -03)

=3.09E+05 pCi/sec

The setpoint, Rycipoins, 1S the lesser of Ry, and Ryin. For the limiting noble gas mixture, Ry, is
less than Rgin, 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 uCi/sec above
background, or at some administrative fraction of the above value.
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523

Waste Gas System Monitors (RM-6504 and RM-6503)

Process radiation monitors in the waste gas system provide operational 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 setpoint for both monitors is
placed at 1.5 times the expected activity concentration 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 pCi/cm®. This concentration limit, based on system design flow of 1.2
cfim, assures that any release from the waste gas system to the plant vent will not exceed the
site boundary dose rate limits of Part A Control C.7.1.1.a.

Main Condenser Air Evacuation Monitor (RM-6505)

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 building during start up (hogging mode) or through the plant vent
during normal operations. During maintenance activities or other temporary operational
conditions, discharges to the turbine roof may also occur. This process monitor is also used
as an indicator of potential releases from the Turbine 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 the main
condenser and the Turbine Gland Seal Condenser.

The condenser air evacuation monitor is the most sensitive indicator of a primary to
secondary leak in the plant steam generators. Therefore, the operational setpoints for the air
evacuation monitor are typically administratively set at small fractions of the values
necessary to maintain the site boundary dose rate limits of Part A Control C.7.1.1. Station
procedures for determining the condenser air evacuation monitor setpoints recognize the not
to be exceeded ODCM determined maximum values. Typically when primary to secondary
leakage is not present, the alert setpoint is 2 to 3 times background, with the high alarm set at
2.0E+03 cpm or a higher value corresponding to 30 gallons per day of primary to secondary
steam generator leakage.

Maximum allowable setpoint determinations 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 00-021),
flow rates of 10 to 50 cfim 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 I: For start-up operations (i.e., 10,000 cfm hogging flow to the Turbine Building
roof), the maximum allowable alarm setpoint is calculated as:

RAE =

where :

Rae =

147 =

500 =

1E+06 =

3.4E-06 =

DFB. =

fg]and -

- Rae =

and for the 10,000

1
DFB:

147 fg fgland

Release rate equivalent to the assigned fraction of the limiting offsite total
body dose rate (nCi/sec)

500 mrem - uCi - m?
(1IE +06) (3.4E - 06) yr - pCi - sec

The site boundary limiting total body dose rate (mrem/yr) from all release
points

Number of pCi per pCi (pCi/pCi)

Maximum off-site long-term average gamma atmospheric dispersion
factor for ground level releases (sec/m?) ‘

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)

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 (fy) is less than or equal to 1 (f; <1 -f,).

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
147 ——— (0.3)(0.7
4.86E - 03 03 (0.7

6.36E+03 pCi/sec release rate limit

cfim (4.72E+06 cm3/sec) exhaust flow, the count rate response of the air

evacuation monitor would be:

Monitor Response

RAE
4.72E + 06¢cm?/ sec

1.87E + 08 cpm-cm3/uCi

(6.36E+03) (1.87E+08) / (4.72E+06)

2.520E + 05 cpm

B.5-17 ODCM Rev. 33



As an extension of Case 1 which assumed the full startup hogging flow was

Case 2:
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 pCi/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.
. _ R,: 3,
Monitor Response = — 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 which 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:
_ 1
RAE =588 fv fgland
where :
Rar = Release rate equivalent to the assigned fraction of the limiting offsite total body
dose rate (pCi/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
(fv <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 uCi/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:

RAE
2.36E + 06cm?; sec

1.87E + 08 cpm-cm>/uCi

Monitor Response

(8.47E+04) (1.87E + 08) / (2.36E+04)

6.71E + 08 cpm

The operation of the Main Condenser Evacuation System assumes 670 Ibs./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 cfim 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
RADWASTE TREATMENT SYSTEMS

Figure B.6-1 shows the liquid effluent streams, radiation 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 condenser 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

Radwaste Treatment System at Seabrook Station
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7.0

7.1

BASES FOR DOSE CALCULATION METHODS
Liquid Release Dose Calculations

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 which is used to implement the dose and dose rate calculations
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 10CFRS50, Appendix I Subsection Il A. The minimum dose values noted in Part A
Control C.6.3.1 are "appropriate fractions," as determined by the NRC, of the design objective to -
ensure that radwaste equipment is used as required to keep off-site doses ALARA.

Method I was developed such that "the actual exposure of an individual ... is unlikely to be
substantially underestimated" (10CFR50, Appendix I). The definition, below, of a single
"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 1. 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
I 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 assumptions 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 discharge point. A
nominal operating 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 expected 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 mixing zone which corresponds to the 10F
surface isotherm (mixing ratio .025) can be applied in the Method II 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 [. Section III.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 1.

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.

B.7-2 - ODCM Rev. 24



The dose assessment models utilized in the ODCM are taken from NRC Regulatory Guide 1.109.
The liquid pathway equations include a parameter (M,) to account for the mixing ratio
(reciprocal 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.

Consequentially, the only assumed exposure pathway which might be impacted by the near field
plume of the circulating water discharge 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 reaching equilibrium conditions with radioactivity concentrations created in
the water environment.

The mixing ratio of 0.025, which 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 My = 0.10. When dose impacts
from the fish and invertebrate pathways are then added to the conservative dose impacts 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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7.1.1

where:

{

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

For any liquid release, during any period, the increment in total body dose from radionuclide "i"
is: )

AD,, =kQ; DFL;,

.. [ mrem
mrem i 7-1
( ) O (Ci) ( Ci J (7-1)
DFLy = Site-specific total body dose factor (mrem/uCi) 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 = 918/F4 (dimensionless); where Fy 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 (DFLip,)
for that radionuclide. DFLin, 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:

ADmo = le DFLimo

(mrem) () (4Ci) [“Zéﬂ | (72)
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where:

DFLimoe = Site-specific maximum organ dose factor (mrem/uCi) for a liquid release. See
Table B.1-11.

Qi = Total activity (uCi) released for radionuclide "i".

'S = 918/F4 (dimensionless); where F is the average dilution flow of the Circulating

Water System at the point of discharge from the multiport diffuser (in ft*/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 0.00 334.00%** 8.00 52.00
Teen 0.00 0.00 0.00 0.00 16.00 3.80 0.00 67.00 45.00 52.00
Child 0.00 0.00 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 0.00 0.00 0.00 0.00 0.00

k%

% ok ok

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.

Regional shoreline use associated with mudflats - Maine Yankee Atomic Power Station Environmental Report.
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7.2 Gaseous Release Dose Calculations

7.2.1 Total Body 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 1 users, and (3) to identify the general equations, parameters
and approaches to Method II-type dose rate assessments.

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 equation B-8 in Regulatory Guide 1.109 as follows:

Dy =1E+06[X/Q]" Y. Q,DFB, (7-3)
mrem | _( pCi \(sec (,uCi ) mrem-m®
yr £Ci )\ m’ J\ sec pCi-yr
where:
[X/Q]y = Maximum off-site receptor location long-term average gamma atmospheric
dispersion factor.
Q, = Release rate to the environment of noble gas "i" (uCi/sec).
_n3
DFB; = Gamma total body dose factor, (mréﬁj . See Table B.1-10. (Regulatory
: pCi-yr

Guide 1.109, Table B-1).

Elevated and ground level gaseous effluent release points are addressed separately through the
use of specific [X/Q]* For an elevated gaseous effluent release point and off-site receptor,
Equation 7-3 takes the form: .

Due = (1E+06) * (8.5E-07)* 3 (), * DFB,)

mrem | _( pCi |, g)*z #Ci , mrem—m’
yr uCi m’ sec  pCi-yr

B.7-7 ODCM Rev. 24



which reduces to:

) A ) (3-3a)
Do ™ 0.85* Z(Q, *DFB;)

mrem | _ [ pCi—sec v ,uCi)* mrem- m°
yr #Ci-m’ sec pCi-yr

For a ground level gaseous effluent release point and off-site receptor, Equation 7-3 takes the

form:

Dag = (LE+06) * (3.4E-06) * Z (Q,* DFB,)

which reduces to:

7.2.2

) ] (3-3b)
Do = 34* z (Q *DFB;)

mrem | _ ( pCi—sec 5 ,uCi) [ mrem-m’
yr 4Ci-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 Il-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 equation B-9 in Regulatory Guide 1.109 as follows:

D*=111D% +3.17E+04 ¥ Q,[X/Q]DFS; (74
mrem (mrem) mrad (pCi- yr] Ci (ﬁ) mrem-m°
yr mrad yr J\ Ci-sec / yr\m? /| pCi-yr
where:
I.11 = Average ratio of tissue to air absorption coefficients (will convert mrad in air to

mrem in tissue).

DF _Si = Beta skin dose factor for a semi-infinite cloud of radionuclide "i" which includes
the attenuation by the outer "dead" layer of the skin.

D%, = 3.17E+04 ¥ Qi [X/Q]DE/ (7-5)
mrad | _( pCi—yr sec, ( mrad-m’®
=== (—) (—)
yr Ci-sec m> \ pCi-yr
DFE’ = (Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i".

Now it is assumed for the definition of (X/QY) from Reference 8 that:

Dfuie = DI [X/QT /[X/Q] (7-6)
mrad | _( mrad (_S_GE) ﬁ)
yr yr m’ J sec
and .
Q = 3154 ( (7-7)

Ci) _( Ci-sec (_,ugj
yr B HCi-yr )\ sec
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SO:

Dan = 1.11 1E+06 [%]y ¥ Q * DF/ (7-8)

mrem :(mremj pCi (Eg)(,uCi) mrad - m*
yr mrad ) { zCi J\m?® J{ sec )| pCi-yr

+1E+06 X/Q ¥, DFS,

pCi (&)(ﬂ&j 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:

Datingey = [1-11*1E+06 *8.5E-07* > (Q,* DF/)]+[1E+06*8.2E—07* > (Q, * DFS))]

which yields:

Daincy=[0-94 3 (Q,* D)1 +[0.82 3" (Q, * DFS, )]

mrem | _ pCi'— sec3— mrem ) - uCi, mrem-— m’ N pCi-— se¢ 5 uCi, mrem-— m’ (7-92)
yr #Ci—m’ - mrad sec  pCi—yr #Ci—m’ sec  pCi-yr

defining:
DFi) = 0.94 DF} +0.82 DFS; (7-10a)

Then the off-site skin dose rate equation for an elevated gaseous effluent release point is:

Dskinge) = z Qi *DFie (3-4a)

i

mrem | _ 5 #Ci , mrem—sec
yr sec  uCi-yr

For an off-site receptor and a ground level gaseous effluent release point, Equation 7-8 becomes:

Daingy = [1.11*1E+06 *3.4E- 06 * £(Q), * DF/)] + [LE+ 06 *1.0E-05* 3" (Q), * DFS)]
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which yields:

. ) . (7-9b)
Daking = [3-8 Z (Q,*DFN]+[10 Z (Q,*DFS)]
=" @,[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:
Diving) = Z Q,*DFig) (3-4b)

The selection of critical receptor, outlined in Part B, Section 7.3, is inherent in the derived
Method 1, as it is based on the determined maximum expected off-site atmospheric dispersion
factors. All noble gases in Table B.1-10 must be considered.

7.2.3 Critical Organ Dose Rate from lodines, Tritium and Particulates With Half-Lives Greater Than
Eight Days

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 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 [ 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 site average meteorology. :

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 (sec/yr) and converting Q to Q pCi/sec:

: : (7-12)
Do =3.15E+07* )" (Q,* DFG,,,)

mrem | _( sec Z(,uCi)* mrem
yr yr sec #Ci
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Equation 7-12 is rewritten in the form:

where:

Z (0 *DFG{CO

(mrem)zz(ﬂﬁj*(mren}-secJ (7-12a)
yr sec p#Ci-yr

, (7-13)
DFGico = 3 1 54 E+ 07 * DFGico

mrem-sec | _( sec |, ( mrem
uCi-yr yr uCi
The dose conversion factor, DFGic, has been developed for both elevated gaseous effluent
release points and ground level gaseous effluent release points (DFGicoey and DFGico(g)),
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

(DFG’ico(e) and DFG icq(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)
Dco(e) Z (Q DFG co(e))
mrem | _ 5 £Ci , mrem-sec
yr sec  uCi-yr
For an off-site receptor and ground level effluent release point, the critical organ dose rate
equation is:
(3-5b)

Deotg) = 2 (Q*DFGi)
mrem | _ 5 4 Ci, mrem-sec
yr sec  puCi-yr

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in Method 1, as are
the expected atmospheric dispersion factors.
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72.4

where:

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 thyroid to
less than or equal to 1,500 mrem/yr. Concurrent meteorology with time of release may also be
used to assess compliance for a Method 1l calculation.

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 [ 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-site unrestricted areas.

NUREG/CR-2919 presents a methodology for determining atmospheric dispersion factors
(CHI/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 time- 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 with the added assumption that Dvgpie = DY [X/Q] Y /[X/Q]:

ADj, = 3.17E+4 [X/Q} ¥Q.DF/

(mrad) = ((}:;Ci-yrj (sec) Ci) [mraei-m3j (7-14)
i—sec/ \m pCi-yr

. 3.17E+04= Number of pCi per Ci divided by the number of seconds per year.

[X/Q]T = Annual average gamma atmospheric dispersion factor for the receptor location of
interest.

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 adjustment 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 release
rate Q in pCi), 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/QK, * T dxy (Qi* DFf)
pCi-yr sec . . mrad-m’
mrad) = | —— | * | —|* i * —— 3-6
( ) (,uCi—sec) (m3) z (ﬂc pCi-yr j (3-6)
For an elevated release, the equation used for an off-site receptor is:

DK

70 =317E-02*[1.0E-05]* ****¥. (Q, * DF’)

which leads to:

Dl =32E-07* *7**3 (Q, * DF/) (3-63)
pCi-yr ) mrad - m?

mrad) = | ——| =* ik —

(mrad) [ﬂCi—m3j 2 (ﬂc pCi-yr J

For a ground-level release, the equation used for an off-site receptor is:
D’ =3.17E-02*[4.9E-05]***** ¥ (Q,* DF)

air(g)

which leads to:

D%, =1.6E-06* **** ¥ (Q,*DF’) (3-6b)
(mrad) = pCi-yr | z JCi * mrad - m’
uCi—m’ pCi-yr

The major difference between Method I and Method II is that Method 1I would use actual or
concurrent meteorology with a specific noble gas release spectrum to determine [X/Q]Y rather
than use the site's long-term average meteorological dispersion values.

7.2.5 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 I0CFR50, 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:

ADf = 3.17E-02+ XQY (Q * DFf) (7-15)
_ [ pCi-yr ) . (sec .. [ mrad-m’
(mrad) = (yCi—secj [m3j (€ ( pCi-yr J
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where:
DF/=  Beta air dose factors for a uniform semi-infinite cloud of radionuclide "i".
Incorporating the term t™ into Equation 7-15 leads to:
D% = 3.17E-02%X/Q,, *t* *¥ (Q, * DF?) (3-7)
(mrad) = (__pC'i il J * (:_f) () *Y (,uCi * —m;g(li:}rf J

Where X/thr = average 1-hour undepleted atmospheric dispersion factor.

For an elevated release, the equation used for an off-site receptor is:

Dl = 3.17E-02%1.3E-05 %t ¥ (Q * DF/)

o - (JG) < () 02 [ - B

which leads to:

Dl = 41E-07+t* + ¥ (Q * DF/) (3-7a)

1

= M * * 1 % m
(mrad) = [#Ci_m3j ()*3 (,UCI pCi_er

For a ground-level release, the equation used for an off-site receptor is:

Dl = 3.7E-02*1.9E-04* t*° x ¥ (Q, * DF’)

1

_ [pCi-yr) . (sec) . . . mrad - m’
(mrad) = (,uCi-secj (m3) ()*x ('UCI pCi-yr}
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which leads to:

Dl = 6.0E-06+t*° Y (Q, * DF?) (3-Tb)
pCi-yr . mrad - m®
d = —_— ¥ % * 9
(mrad) ( Ci—m3J ()=*X (#Cl oCiyr )

7.2.6 Dose to Critical Organ from lodines, 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 [ 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 II C.
Part A Control C.8.1.1 is based on Environmental Standards for Uranium Fuel Cycle in
40CFR 190, 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 1I allows that actual individuals, associated with identifiable exposure
pathways, be taken into account for any given release. In fact, Method [ 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 DFGi¢, (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 vegetables in Reference A). Tables B.7-2 and B.7-3 outline
human consumption 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 period, the increment in dose from

"

radionuclide "i" is:

ADigo = QiDFGigo (7-16)

where DFG;, is the critical dose factor for radionuclide "i" and Q; is the activity of radionuclide
"i" released in microcuries.

Applying this information, it follows that the general form for the critical organ dose equation is:

De, = (X/Q) (X/Q);™ * t** ¥ (Q, * DFGico) (3-8)

mrem=(§e—f)/(se—f)*( )*Z(,uCi* mrer.nj
m m 1 Ci

Substituting specific values associated with the maximum off-site receptor location and elevated
release condition yields:

Doy = (1.12E-05)/(7.55 E- 07) * t°*7* ¥ (Q; * DF Gicoe))

which reduces to:
Dco(e) = 14'8 * t-0'297 * Z (Q1 * DFGICO(C)) (3_8a)
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For the maximum off-site receptor location and ground-level release conditions, the equation is:

Deoey = (1.71E- 04) /(9.64 E- 06) * t°*'** 3 (Q, * DFGioty)

which reduces to:

Deoiwy = 17.7* %" * X (Q, * DFGicofe)) (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 Regulatory Guide 1.109 as follows:
Do =1E+06[X/QY > (,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 a result,
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®
8760 hrs/yr

Science & Nature Center - =0.0014

67 hrs/ yr'” _
8760 hrs/yr

The "Rocks" - 0.0076

substituting in the annual average gamma X/Qs:
[X/Q] * = 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 releases.

and multiplying by:
OF =0.0014 (Science & Nature Center)

=0.0076 (The "Rocks")

gives:
Do = 0-0015* Z (Q,*DFB;) (mrem/yr) (3-3¢)
Dok = 0-0074* Z (Q,*DFB;) (mrem/yr) (3-3d)
Dureey = 0-038* z (Q,* DFB,) (mrem/yr) (3-3e)
Dirg = 0-2* z (Q,* DFB)) (mrem/yr) (3-3)
where:
D‘bE(e),Dth(g), DtbR(e) ,and DtbR(g) = 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)
release,

() Taken from Seabrook Station Technical Specifications (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):

Dskin

= L111E+06 [X/Q] ¥ @ DFY + (7-8)
IE+06X/Q Y QDFS,

substituting in the annual average gamma X/Qs:

[X/Q]r = 1.1E-06 sec/m’ (Science & 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:

Dakingcey = 00014 Z Q,[1.22 DF/ +1.60 DFS, ] for an elevated release point.
Dainecg) = 0-0014 Z Q,[5.88 DF} +23 DFS; ] for a ground level release point.
Datingeey = 0-0076 Z Qi [5.55 DF! +17.0 DFS, ] for an elevated release point.

Daink(g = 0-0076 Z Q.[28.9 DF! +160 DFS; ] for a ground level release point. -
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and the equations can be written:

Ditiney = 0-0014* Z (Q,* DF) (3-4¢)
Dssinegy = 0-0014* Z (Q,* DFiep) (3-4d)
Dainkee) = 0-0076'* 2. (Q* DFire) (3-4e)
Dikinrgy =~ 0-0076* Z (Q,* DFirep) (3-4f)
where:
DskinE(e), DskinE(g) , DskinR(e), and DskinR(g) = 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,

Q, = defined previously, and

DF},,,, DF;

iE(g)?

DF;

"i"

iR@ey» and DFg = the combined skin dose factors for radionuclide
for the Science & Nature Center and the

"Rocks", respectively, for elevated (e) and
ground level (g) release points (see

Table B.1-13).

7.2.7.3 Critical Organ Dose Rate from lodines, 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:

Dok = 0-0014* Z (Q, * DFG| g, ) for an elevated release.

Deorpy = 0-0014 * Z (Q,* DFG;,,,) for a ground level release.

Deoriey = 0.0076 * Z (Q,* DFG|_,) for an elevated release.

Deorg = 0-0076 * Z (Q,* DFG| ) for a ground level release.
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where:

D Dz -and D the critical organ dose rates (mrem/yr) to an

coE(e) * D coE(g)? coR(g)

individual at the Science & Nature Center and
the "Rocks", respectively, due to iodine,
tritium, and particulates in elevated (e) and
ground level (g) releases,

Q, = as defined previously, and

- DFG{ s DFGicpiy s DFGlopeey» and DFG| ., = the critical organ dose rate factors for
radionuclide "i" for the Science &
Nature Center and the "Rocks",
respectively, for elevated (e) and
ground level (g) release points (see
Tables B.1-14 and B.1-15).
7.2.74  Gamma Dose to Air from Noble Gases

Method I was derived from Equétion (3-6):

D =3.17E-02*[X/Q[, *t* * 3 (Q,* DF)) (3-6)

where all terms of the equation are as defined previously.

Incorporating the specific OF and the atmospheric dispersion factor, the gamma air dose equation for the
Science & Nature Center for elevated releases:

Dl =3-17E-02*1.1E- 05 t°*2 *0.0014* 3’ (Q, * DF))
which reduces to:

Dz = 49E-10%t%2 * 3" (Q, * DFY) (3-6¢)

H o3
(mrad)=[ ZEI Ju(yugif i Mradm
#Ci-m? pCi-yr

For ground-level releases, the gamma air dose equation for the Science & Nature Center becomes:

Dlire =3-17E-02*1.OE-04 2 #0.0014* ¥ (Q,* DF!)
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which reduces to:

Dlip = 4.4E-09% %2 * 57 (Q. * DF)) (3-6d)
airE(g) d i

- . a3
(mrad)=| BT s (g i 0D
uCi-m’ pCi-yr

Incorporating the specific OF and atmospheric dispersion factors for the "Rocks" yields the
gamma air dose equation for elevated releases:

Dlire = 3-17E-02* 2.1E-05* ' ¥0.0076* 3" (Q, * DF))

which reduces to:

Dljerge = 5-1E-09* 1% * 3" (Q, * DF) (3-6¢)

L _ 3
(mrad)= ——pCl, Y *()*3| pCi* _____mrafi m
#Ci—m? pCi—yr

For ground-level releases, the gamma air dose equation for the "Rocks" becomes:

Dl = 3-17E-02*1.7E-04t°2 %0.0076* ¥ (Q, * DE})

which reduces to:

Dl = 4-1E-08* %" * 3" (Q,* DF)) (3-6f)

(mrad){—"%i)*( )*Z[ﬂCi*M)
Y7

i-m’ pCi-yr

7.2.7.5 Beta Dose to Air from Noble Gases

Method [ was derived as described in Part B, Section 7.2.5. The general form of the dose
equation is: ' :

D4, =3.17E-02* X/ QI *t* * ¥ (Q* DFY) G-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:

Do =3-17E-02*4.0E-05*t°* +0.0014* " (Q,* DF/)
which reduces to:

Dz =1.8E-09*t°% * > (Q,* DF/)

i a3
(mrad)=[ PEY" Je (yax[ i mrad-m’
4 Ci-? pCi-yr

(3-7¢)

For ground-level releases, the beta air dose equation for the Science & Nature Center becomes:

Dl =3-17E-02*5.5E-04*t*7 %0.0014* > (Q, * DF/)
which reduces to:

Dl = 24E-08* 7 * 3" (Q, * DFf)
i- .3
(mrad) = _pC_I_)ir_ *()*X ,uCi*Elmfi—m
pCi-m’ pCi-yr

Incorporating the specific OF and atmospheric dispersion factors for the

"Rocks" yields the beta air dose equation for elevated releases:

D =3-17B-02*1.6E- 04 * °° *0.0076 * > (Q,* DF?)

which reduces to:

Dfre =3.9E-08*t™** * 3" (Q,* DF/)

R _..3
(mrad) = EAYL Ju ()25 pci» radm.
4Ci-m’ pCi-yr

For ground-level releases, the beta air dose equation for the "Rocks" becomes:

Dl =3-17E-02*1.9E-03* £ ¥0.0076* ¥ (Q,* DF/)

B.7-24
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which reduces to:

Dy =46E-07*t°%7 * 3 (Q* DF/) o | (3-79)

HR D
(mrady=| BEYE N ()5 e 0D
uCi-m? pCi-yr

7.2.7.6 Critical Organ Dose from lodines, 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:

Do = (X/Q))5 ((X/Q)" * 7 *OF * 3 (Q, * DFGico)

'(mrem)=(§§)/(sec)*( )*( )*Z(NCi* mrel?j
m uCi

3
m

Applying the Science & Nature Center-specific factors for elevated release conditions
produces the equation:

Deore = (3.72E-05) /(1.56 E- 06) * ¥ ¥0.0014* ¥ (Q, * DFGueozs)

which reduces to:

Deorey = 3-3E-02* 2% * Z (Q, * DFGicoke) (3-8¢)

(mrem)=( )*( )*Z[uCi*mrerT‘j
#Ci

For a ground-level release, the equation for a receptor at the Science & Nature Center is:

Deor = (5.21E-04) /(2.23E-05)* °* *0.0014* " (Q, * DFGicor(e))

which reduces to:

Deor = 3-3E-02* =°37* 3 (Q;* DF Gicot(0) (3-8d)

(mrem)=( )*( )*z(uCi*mre‘?]
#Ci
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The specific Critical Organ Dose equation for a receptor at the "Rocks" under elevated release conditions
is:

Deory = (1.54 E-04) /(1.6 1E-05) * t°** ¥0.0076* ¥ (Q, * DFGicorce)

which reduces to:

DCOR(C) = 7.3 E‘ 02 * t-0‘248 * Z (Ql * DFGico R(e)) (3-86)

(mrem)=( )* )*z(yCi*mr"r.“j
uCi

For a ground-level release, the equation for a receptor at the "Rocks" is:

Deorg = (1.80E-03) /(159 E-04) * t°7 ¥0.0076* " (Q, * DFGicore))

which reduces to:

DcoR(g) = 8.6 E' 02 * t-0.267 * Z (Ql * DFGico R(g)) (3-8f)

(mrem)=( )*( )*Z(ﬂCi*mre‘T’j
uCi

The special receptor equations can be applied under the following conditions (otherwise,
justify Method I or consider Method I1):

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 1 dose exceeds this limit, or if a more refined
calculation is required, then Method II 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 | Agricultural Productivity (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!® 0.50 0.50 0.50
FS |Fraction Pasture when on Pasture®® L. 1. 1.
FG |Fraction of Stored Veg. Grown in Garden 0.76
FL |Fraction of Leafy Veg. Grown in Garden 1.0
FI | Fraction Elemental Iodine = 0.5
H |Absolute Humidity = 5.60 (gm/m’)
" Regulatory Guide 1.109, Rev. 1
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Notes:

(M

ey

€)

“4)

Table B.7-2
Environmental Parameters for Gaseous Efﬂuents at Seabrook Station

For Method II 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 equal 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 Reference A, Table E-5)"

Maximum Receptor:

Age Leafy
Group Vegetables Vegetables

(kg/yr) (kg/yr)

Adult  520.00 64.00

Teen 630.00 42.00

Child 520.00 26.00

Infant 0.00 0.00

The "Rocks" and Science & Nature Center:

Age , Leafy
Group Vegetables Vegetables
(kglyr) (kg/yr)
Adult 0.00 0.00
Teen 0.00 0.00
Child 0.00 0.00
Infant 0.00 0.00

" Regulatory Guide 1.109

 Milk
(Uyr)
310.00
400.00
330.00

330.00

0.00

0.00

B.7-29

Meat
(ke/yr)
110.00

65.00

41.00

0.00

0.00

0.00

Inhalation

(m*/yr)
8000.00
8000.00
3700.00

1400.00

Inhalation
(m>/yr)
8000.00
8000.00
3700.00

1400.00
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73

7.3.1

73.2

Receptor Points and Average Atmospheric Dispersion Factors for Important Exposure
Pathways

The gaseous effluent dose equations (Method I) have been simplified by assuming an individual
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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73.3

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 evaluating ground level concentrations of iodines

and particulates;

3. Gamma X/Q dispersion factors for evaluating gamma dose rates from a sector
averaged finite noble gas cloud (multiple energy undepleted source); and

4. D/Q deposition factors for evaluating dry deposition of elemental radioiodines and
other particulates.

Gamma dose rate is calculated throughout this ODCM using the finite cloud model 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/QY]
(Reference B, Section 6), and the replacement of X/Q in infinite cloud dose equations by the

[X/QV].

Average Atmospheric Dispersion Factors for Receptors

The calculation of Method I and Method II atmospheric diffusion factors (undepleted CHI/Q,
depleted CHI/Q, D/Q, and gamma CHI/Q values) utilize a methodology generally consistent with
US NRC Regulatory Guide 1.111 (Revision 1) criteria and the methodology for calculating
routine release diffusion factors as represented by the XOQDOQ computer code
(NUREG/CR-2919). The primary vent stack 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 the primary 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 (Revision 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 1980 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 meteorological diffusion factor used in the development 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
- - 7.5E-07 - - 7.5E-07
X/Q depleted (—SE(;)
m
- 8.2E-07 - - 8.2E-07 -
X/Q undepleted (g)
m
1) - - 1.5E-08™" - - 1.5E-08
DQ|—;
m
sec 8.5E-07 8.5E-07 - 8.5E-07 - -
XQr | —
m

* West site boundary, 974 meters from Containment Building

" Northwest site boundary, 914 meters from Containment Building
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Table B.7-5

Seabrook Station Long-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 (FJ
sec - 1.6E-06 - - 1.6E-06 -
X/Q undepleted (—3—}
m
1 - - 2.7E-08 - - -
(.
sec 1.1E-06 | 1.1E-06 - 1.1E-06 - -
o (5
m
The "Rocks™:
(ENE - 244 meters)
sec - - 1.6E-05 - - 1.6E-05
X/Q depleted (E)
sec - 1.7E-05 - - 1.7E-05 -
X/Q undepleted [—3]
m
1 - - 1.1E-07 - - -
o
sec 5.0E-06 | 5.0E-06 - 5.0E-06 - -
w5
m
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Table B.7-6
Seabrook Station

Long-Term Atmospheric Diffusion and Deposition Factors

Ground-Level Release Pathway

RECEPTOR®

Diffusion Factor The Rocks Science & Nature Off-Site
Center

Undepleted CHI/Q, sec/m’ 1.6x10* 23x10° 1.0x107°
' (244m ENE) (406m SW) (823m W)
Depleted CHI/Q, sec/m’ 1.5x 10" 2.1x107° 9.6 x 10°°
(244m ENE) (406m SW) (823m W)

D/Q, m 5.1x 107 1.0x 107 5.1x10°
(244m ENE) (406m SW) (823m W)

Gamma CHI/Q, sec/m’ 2.6x 107 53x10° 3.4x10°
(244m ENE) (406m SW) (823m W)

(a)

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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8.0

8.1

where:

BASES FOR LIQUID AND GASEOUS MONITOR SETPOINTS
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=Y% C, S, (8-1)

) - (4] (5

R = Response of the monitor to radioactivity (cps).
Sy = Detector counting efficiency for radionuclide "i" (cps/(uCi/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 S;;, where S; is the detector
counting efficiency determined from the calibration procedure. Therefore, Equation 8-1
becomes:

R=S ¥ C (8-2)

- (s
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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:

Cd.
> = <10 (8-3)
ECL,
Csi = Activity concentration of radionuclide "i" determined to be present in the mixture at
the point of discharg_e to the environment (uCi/ml).
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.
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 = F—m(C}/i + Cﬂi)

d

() -(5) ()

and with equivalence of C; = (Cy; + CB;), Equation 8-4 can be written as

Cdi = —Ci
Fa
Fn = Flow rate past monitor (gpm)
Fa = Flow rate out of discharge tunnel (gpm)
CBi = Activity concentration of non gamma emitting radionuclide "i" in the mixture at the
monitor for which the monitor response is inefficient to detect (uCi/mi).
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/F, yields
the dilution factor needed to complete Equation 8-3:

F C,
DF,, < % > ' 8-5
™ F, Z 10ECL,; (®-3)
gpm HCi-ml
gpm ml - £Ci
ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gas) in uCi/ml as specified in 10 CFR 20, Appendix B, Table 2.
For noble gases, a value of 2E-04 pCi/ml is used for the limit of the sum of noble
gases in the waste stream. '

If F4/F, is less than DFp,n, then the tank may not be discharged until either Fy or Fy, or both are
adjusted such that:

DF . < Fy

min
Fm

(8-3)

i

The maximum allowable discharge flow rate past the monitor can be found by setting Fp, to Fiax
and its equivalents, i.e:

Foax = L
DFmin

Usually F4/F, is greater than DFy,;, (i.€., there is more dilution than necessary to comply 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 liquid waste test tank monitor at the setpoint is
therefore:

Rsetpoint =fix —Fd——x SlZ C’Yl
Fm X DFmin

uCi ml

Gs) () () [Mj(“—c‘) (8-6)
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or with Fy,x substituted into Equation 8-6 for the maximum allowable discharge flow rate

[ Fa J, the setpoint equation can be stated also as:
DFmin

Fnax

m

Rsetpoim = fl X X SlZ C'Yl

where fj 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+ f4+ f5 < 1). The five monitored liquid effluent pathways are derived from: (f}) the
Liquid Waste Test Tanks, (f2) the Turbine Building Sump, (f;) Steam Generator Blowdown, (f;)
Primary Component Cooling, and (fs) Water Treatment Liquid Effluent (the Condensate
Polishing System).

The monitoring system is designed to incorporate the detector efficiency, S, into its software.
This results in an automatic readout in pCi/ml or nCi/cc for the monitor response. Since the
conversion for changing cps to uCi/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:

Rsetpoim = fl X F_;lii])F— X Z C}/l (5-1)
(<0 o (&

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.
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8.2  Basis for the Plant Vent Wide Range Gas Monitor Setpoints

The setpoints of the plant vent wide range gas monitors must ensure that Part A Control C.7.1.1.a is not -
exceeded. Part B, Sections 3.4 and 3.5 show that Equations 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:

R = ngi C.. (8-7)

am) = (222220 (1)

where:
R = Response of the instrument (cpm)
Sei = Detector counting efficiency for noble .gas "i" (cpm/(uCi/em?))
Cni = Activity concentration of noble gas "i" in the mixture at the noble gas activity

monitor (uCi/cm”®)

Cni, the activity concentration of noble gas "i" at the noble gas activity 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.

(8-8)

~ where:
Qi = The relative release rate of noble gas "i" identified or postulated to be in the
mixture.
F = Appropriate flow rate (cm3/sec)

Substituting the right half of Equation 8-8 into Equation 8-7 for Cy,; yields:

(8-9)

1| -

= (255 () ()
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As in the case before, for the liquid waste test tank monitor, the plant vent wide range gas
monitor establishes the detector counting efficiency by use of a calibration source. Therefore,
S can be substituted for Sg; in Equation 8-9, where S, is the detector counting efficiency
determined from the calibration procedure. Therefore, Equation 8-9 becomes:

; % 2.Q (8-10)

o (5] () (2

The total body dose rate due to noble gases is determined with Equation 3-3a:

Dyo = 085 * > (Q; * DFB)) (3-3a)
mrem | _ ( pCi-sec ( ,uCij mrem - m’
yr uCi-m’® sec pCi-yr
where:

Do) = Total body dose rate (mrem/yr)

0.85 = (1.0E+06) x (8.5E-07) (pCi-sec/pCi-m3)

1E+06 = Number of pCi per nCi (pCi/nCi)

85E-07 = [X/QJY, maximum off-site average gamma atmospheric dispersion factor
(sec/m3) for primary vent stack releases

Q, = The relative release rate of noble gas "i" identified or postulated to be in the
gas mix (uCi/sec).

DFB; = Total body dose factor (see Table B.1-10) (mrem-m3/pCi-yr)

B.8-6 ODCM Rev. 28



A composite total body gamma dose factor, DFB,, may be defined such that:

DFB, Y Q, = > Q, DFB, (8-11)

mrem - m> (/ICIJ B (;ﬁlj mrem - m®
pCi-yr sec sec pCi-yr

Solving Equation 8-11 for DFB. yields:

> Q,DFB,
DFB. = =
> Q

i

(-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),, equal to 500 mrem/yr and

substituting DFB, for DFB; in Equation 3-3, one may solve forZQi at the limiting whole body

noble gas dose rate:

. 1
2Q = 588 o5 (8-12)

@j mrem - £Ci - m’ ( pCi - yr j
sec yr-pCi -sec mrem -m’

Substituting this result for ZQl in Equation 8-10 yields Ry, the response of the monitor at the

limiting noble gas total body dose rate:

1 1
’ F DFB,

mrem-£Ci-m® )\ { cpm-cm? (sec] ( pCi-yr J
yr - pCi -sec LCi cm’ mrem - m’

R, = 588 S

(8-13)

(cpm)
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The skin dose rate due to noble gases is determined with Equation 3-4a:

Dakin(e) ~ 2 (Ql * DFi'(e)) . ‘ (3-4a)
mrem 2 uCi mrem - sec
yr S€C ﬂCl -yr
where:
Distince) = Skin dose rate (mrem/yr)
Qi = As defined above.

DF'; o= 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, * >Q =2 (Q * DFy) (8-14)
mrem - sec (,LtCl) B (,uCn) mrem - sec
pCi-yr sec - sec MCi-yr

Solving Equation 8-14 for DF’, yields:

ZQiDF,i (e)
DF, = ~—55— (5-8)

i

(5-8
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Part A Control C.7.1.1.a limits the dose rate to the skin from noble gases at aﬁy location at or
beyond the site boundary to 3,000 mrem/yr. By setting Dy, €qual to 3,000 mrem/yr and

substituting DF’; for DF’; in Equation 3-4 one may solve forZ:Qi at the limiting skin noble gas

dose rate:

2.Q = 3000 — (8-15)

i c

(,uCiJ mrem ( HCi-yr )
sec yr mrem - sec

Substituting this result forZQi Oin Equation 8-10 yields Rgin, the response of the monitor at the limiting

noble gas skin dose rate:

Ru. = 3,000 S 1 L
& F DF',
3 .
o) () (spmeem) () (s 519
yr LCi cm mrem - sec

As with the liquid monitoring system, the gaseous monitoring system is also designed to
incorporate the detector efficiency, S,, into its software. The monitor also converts the response
output to a release rate (uCi/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:

1

Ruwe = 588 (5-5)
DFB.
uCi,  mrem-puCi-m?®, , pCi-yr
) =( . ;
sec yr-pCi-sec ~ mrem-m
R = 3,000 1 (5-6)
skin(e) b DF'

C

(uCi)z(mrem)( pCi - yr

Sec yr mrem - S€c

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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8.3

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" uCi/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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8.4

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:

Rp = 588 1/DFB. (5-5)
where:

Ry =  plant vent maximum release rate (uCi/sec) based on the whole body does rate limit

of 500 mrem/yr

DFB, = 1.66E-02 (mrem-m>/pCi-yr), whole body dose factor for Kr-89

588 = conversion factor (mrem-pCi-m3/yr-pCi-sec)
Therefore:

Ry = 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:

Rskin = 3000 1/DF'C (5'6)

Rukin = plant vent maximum release rate (uCi/sec) based on skin dose
rate limit of 3000 mrem/yr.
DF'; = 2.45E-02 mrem-sec/uCi-yr skin dose factor for Kr-89

3000 = Site boundary skin dose rate limit (mrem/yr)
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therefore:

Riskin = 3000 (mrem/yr) 1/2.45E-02(mrem-sec/pCi-yr)

- 122,449 pCi/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 uCi/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 = 35421(uCi/sec) = Ryg(uCi/em’) Fz(cm’/sec)

or solving for Ryg:

Ryg(nCi/em’) = 35,421(uCi/sec) / Fyg(cm®/sec)

where:
Rwe = maximum concentration (setpoint limit) at the waste gas system monitors
F,e = waste gas design flow of 566.4 cm®/sec (1.2 cfm)

therefore:

Ryg(uCi/cm’) 35,421(nCi/sec) / 566.4(cm’/sec)

62.5 uCi/em’

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 pCi/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.
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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 potential release
pathway during both the normal and the hogging modes of operation, the impact is considered in
the setpoint calculations. ‘

Limiting Example for the Air Evacuation Monitor Setpoint During Normal Operations

During normal power operation, the maximum allowable setpoint 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:

Rie = (388)(Sg) (I/F) (1/DFB.) | (8-13)

(cpm) = (mrem-pCi-m’ /yr-pCi-sec) (cpm-cm’/uCi) (sec/cm’ )pCi-yr/mrem-m®)

Ribee) = count rate (cpm) for the plant vent maximum release rate based on the total body
dose rate limit of 500-mrem/yr

588 = conversion factor (mrem-pCi-m*/yr-pCi-sec)

Se = the detector response efficiency (cpm-cm?/uCi) as determined from monitor
calibration. For the air evacuation monitor, a typical value is
1.87E+08 cpm-cm*/pCi.

F = release flow rate. During normal operations, a typical flow value ranges from 10 to
50 cfm (2.36E+04 cc/sec maximum) for the air evacuation pathway.

DFB, = the composite total body dose factor, (mrem-m>*/pCi-yr). For different gas mixes,
the composite can be found from:

DFB. = XQ,DFBi0/XQ (5-7)

DFBq for the limiting gas mixture is 4.86E-03 mrem-m3/pCi-yr (See Section 5.2.1.2)
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Therefore,

Rie = 588 1.87E+08 (1/2.36E-+04) (1/4.86E-03)

i

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-cm3/Ci) (sec/cm3) (uCi-yr/mrem-sec)
where:
Rkiney = 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/uCi-yr).
Therefore,

Rekiney = 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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852

where:

Example for the Air Evacuation Monitor Setpoint During Startup (Hogging 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 = So/F) XQ (8-10)
(cpm)=  (cpm-cm’/pCi) (sec/cm®) (uCi/sec)

R = detector count rate (cpm)

Sg = the detector efficiency (cpm-cm*/pCi)

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:
Da =34 2(Q.DFB;) (3-3b)
A composite total body dose factor, DFB, can be defined such that:

DFB. £Q, = S(QDFB) | 8-11)
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By substituting 8-11 into 3-3b and rearranging to solve for ZQ1 the following equation is

obtained:
ZQI =  (Dwe’/34 (I/DFB.)
By inserting a limiting value of 500 mrem/yr as D this simplifies to:

>Q, = 147 (I/DFB.)

Insertion of this equation into equation 8-10 yields:

R = 147 S (1/F)(1/DFB.)

(cpm) = (mrem-uCi-m3/yr-pCi-sec) (cpm-cm>/pCi) (sec/cm?) (pCi-yr/mrem-m>)

where:

Ring) = 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)

Sg = 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 (fgana) 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, fgana = 1-0.3, or 0.7 as the
fraction applied to the air evacuation monitor setpoint. An additional fraction (fy) is
also applied to account for the potential offsite dose rate contribution from this total
ground source vs the plant main vent (f;< 1 —f,). 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 provided in Section 5.2.1.2), the value is equal to
4.86E-03 (mrem-m>/pCi-yr).

In addition, two administrative fractions are applied 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
(fy) 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 (fz ) is less than or equal to 1 (f; <1 —£;). The second
release reduction factor (fgang ) 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 Building roof without going past the air evacuation monitor

Therefore:
R = (147) (1.87E+08) (1/4.72E+06) (1/4.86E-03) (0.3) (0.7)

= 2.52E+05 cpm detector count rate for a maximum 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 equation 3-4b in a
similar fashion as follows:

Dskin(g) = Z(Q iDFi(g>) ~(3-4b)

A composite skin dose factor, DF'g) can be defined such that:
DF') TQ, = Z(Q DE(g)) (8-17)
By substituting 8-17 into 3-4b and rearranging to solve for ZQ1 the following equation is

obtained:
EEQ, = Dskin(g) (I/DFc'(g))

By inserting a limiting value of 3000 mrem/yr as D this simplifies to:

skin(g)

>Q, = 3000 (1/DFg)

Insertion of this equation into equation 8-10 yields:

Rskingy = 3000 Sg; (1/F) (1/DF'y(g)

(cpm) (mrem/yr) (cpm-cm*/uCi) (sec/cm®) (nCi-yr/mrem-sec)
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where:

Rekingg) = Count rate (cpm) for the maximum ground release rate based on the skin
dose rate limit of 3000 mrem/yr.

DF'¢(e) = 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/puCi-yr).

As with the whole body dose rate above, the same two administrative fractions, f,
and fyang are also applied to the skin dose rate response.

Therefore:

Rikine) (3000) (1.87E-+08) (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 swimmihg 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.
*
1119.7 * UaPF Mo . z Q* B * Do * oAt |

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:

Uzp = 21 kg/yr adult usage factor for fish
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M, = 0.1 mixing ratio for near field dilution provided by submerged

multiport diffuser.

F = 918 cu. ft./sec effluent flow rate for circulating water system

Qi = 1.0 curies/year released of Co-60 assumed

Bip = 100 equilibrium bioaccumulation factor for Co-60 in salt water fish, in
liters/kg

Daipj = 4.02*107° 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.
tp = 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 *UQ_PF% * Qi *Bip *Daipj *e_mp =0.01032

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:

Usp = 5 kg/yr usage factor

Bip 1000 1/kg bioaccumulation factor
all other variables the same as above

therefore the dose from invertebrates is (mrem/yr):

E3
1119.7*%—M—3*Qi*Bip * Dy * e 1" = 0.02453

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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* *W
111970*2@_%__

* Z Qi ®T % Daipi % e-mp * [1 _ e-l*th]4

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:
Usp = 334 hrs/year usage factor used for assumed shoreline activities at
Seabrook.
M, = 0.1 mixing ratio for near field dilution provided by the submerged
multiport diffuser and assume to be extended to the beach
continuously.
w = 0.5 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?)

tp = 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 = 10 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:

*Q*T* Dy * e *[1-¢7]=0.0573 5

* *W
111970*&%

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
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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 area 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 impact from swimming is small when

compared to the other exposure pathways, the original conservatism on dilution are kept here.

The dose from swimming is given by the following equation:

1.0*10‘2*22*2Qi*DFim6 (mrem/yr)
F a i
Where:

Up = 45 hrs/yr, usage factor for swimming for maximum age group
(teen) from HERMES.

Fa = 6.56*10" liters/yr, estimated annual dilution effluent flow in multiport

' diffuser

Qi = 1.0 Curies/yr, assumed release rate of nuclide i.

DFim = 4.6%10° mrem-liters per hrs-pCi, dose factor for Co-60 for water
immersion taken from HERMES.

1.0%10" constant for pCi/Ci

Therefore the swimming dose for a 1 curie release of Co-60 is (mrem/yr):

1.0*102 *U* M2 * Q * DF,, =3.155%10° 7
F

a

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.
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
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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/pCi) 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 fdr the ODCM was calculated in the same
way treating the whole body as a separate organ.
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II. GASEOUS PATHWAYS - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting 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.

The Method I dose and dose rate factors are derived by calculating the dose impact to all age group
individuals via the site épeciﬁc pathways for a unit activity release (1 curie per nuclide). For each
pathway, doses by nuclide are calculated for each of 7 organs (including the whole body) for each of the
4 age groups. 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 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 the dose impact from a mix of radionuclides released into the atmosphere, gives 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.

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 point due to meteorology), the critical organ and age group for Mn-54 was
determined to be the GI-LLI for the adult.

PART A: INHALATION DOSE CONTRIBUTION

The general equations for inhalation doses in RG 1.109 are eq. C-3, and C-4 which together give:
104 * * X * * =
3.17*10**R, 9 > Q,*DFAj=D; 8

Where for the case of Mn-54 releases, the variables above are defined as:

3.17*10° is the number of pCi/Ci divided by the number of second per year
R. = 8000 the breathing rate for age group a (adults) in m® /yr.
X 9 = 7.5%107 the long term average depleted atmospheric dispersion factor, in

sec/m’, at the maximum exposure point off site (S.B.)

QG = 1 the release rate of nuclide i to the atmosphere in Ci/yr
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DFAjj, = 9.67* 10 the inhalation dose factor for nuclide i (Mn-54), organ j (GI-LLI),
and age group a (adult) taken from RG 1.109, table E-7, in
mreny/pCi inhaled.

Therefore, the inhalation dose to the maximum potential off site individual is given as:

3.17*104*Ra*[ % ]*Qi*DFAija =0.00184 mrem/yr per Ci 10

PART B: 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:
_ At
8760*1.0*10‘2*sp*[ %]*ZQi*l—;—*DFGij 11

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 (i.e.
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.

12:= 1.5%10® the long term average relative deposition factor at the maximum

Qo

site boundary location, in 1/m?

A = 0.8105 is the radiological decay constant for Mn-54 (nuclide i in this
case) in 1/yr.

to = 15 is the time in years over which accumulation is evaluated (approx.

midpoint of plant operating life)

DFG;:=  5.80* 10° 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’

Q = 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 made by exposure to the ground plane at the maximum off

site exposure location for Mn-54 is given as:

_ At
8760*1.0*1012*SF*[%]*Q*1 ° *DFG;=0.65813  mrem per yr per Ci

i
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PART C: 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:

AR Tt . _ oAt
1'14*108*[2:|*Qi*|:r*1 © +Biv*1 © ]*e-;.;*n.m_
Q Yy * Ak P* 4

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*10® is the number of pCi per Ci divided by the number of hours in a
year (8760).

—=1.5*10®15 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 fraction of deposited activity retained on crops, leafy vegetables,
or pasture grass (1.0 for iodines)

i o= 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)

Y, = 20 agricultural productivity (yield) for produce, in kg/m-2

B, = 29%10° 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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Aj = 9252%107 radioactive decay constant for Mn-54, in hrs-1

P = 240 effective surface density of soil, in kg/m’
ty = 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:

D 1 _ e-,{,;i *te 1 . e-li *ty N .
1.14% 0% * 6 *Q,* r*Y - + B * Pl *e i =67.37916 pCrkg
v Ei i

PART C.2: Leafy Vegetable Concentration

For leafy vegetables, the above equation is repeated with the value for ty, crop holdup time after harvest
is changed from 1440 hrs to 24 hrs, i.e.:

th = 24 crop holdup time after harvest, in hrs.

Therefore the concentration of Mn-54 in leafy vegetables at the maximum deposition point due to a unit
activity release is given as: ‘

- ARt it
1_14*108*[2]*Qi*[r*1 e g xle J*e-li*th=76.81117 - pCikg
Q Yv* A P* 4

PART C.3.a: Animal Feed concentration (pasture): C,

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 variables remain the same except for:

Y, = 0.70 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:

_ ARt At
1.14*108*[2]*Qi*[r*1 © +Biv*1 e }*e'”‘h=179.22718 pCi/kg
Q Yv* Ak P* 2

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:

Y, = 20 agricultural productivity for stored feed
te = 1440 feed crop exposure time to plume in hrs
th = 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.

D 1- e'/lﬁi'te 1- e-li*th . ]
1.14*1 0 * _6 *Q*| r* - +B,* o * o' = 63,037 19 pCikg
Yv" Ari i

PART C.3.c.: Concentration in Goat's Milk: C,,

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:

Fm *C, *Qp * 4™ 20 = conc. in milk, pCi/liter

where the variables are defined as:

Fn = 2.5%10* o averége fraction of animal's daily intake of Mn-54 which appears
in each liter of milk, in days/liter

Qr = 6.0 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.
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A = 2.22%107 decay constant of Mn-54, in da}}s-l

In addition, the C, term for the concentration of a nuclide in the animal's feed is given from RG 1.109

general equation C-11 as:
Co=f,* ¥+ [I-f,]*C+ £, * [1-£.]* ¢, 21

where the following equals:

fp = 05 fraction of the year that animals graze on pasture

fs = 10 fraction of daily feed that is pasture grass when the animal grazes
on pasture

C = 179.227 concentration of Mn-54 in pasture grass as calculated from above,
pCi/kg

Cs = 63.037 concentration of Mn-54 in stored feed as calculated from above,
in pCi/kg

Therefore, the concentration in the total animal's feed is estimated to be:

£,55.%C, +1-£,]* .+ £, *[1-£,]* €, =121.132 pCi/kg 22

When this value of 121.132 is put back into the above general equation for nuclide concentration in
milk, we get:

[C, = 121.132 pCi’kg ]
and

Fn*C, *Q,* ™" = 0.18123pCiliter of Mn-54 in goats milk

PART C.3.d.: Concentration in Meat: C¢

Similar to milk, the concentration of the nuclide in animal meat is calculated. RG 1.109 general equation
C-12 is given as:

Ce=F*Cy* Qi * e ™24

Here the variables are set as:

F¢ = 8.0*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

Cy 121.132 concentration on Mn-54 in animal's feed, same as calculated

above for goat, in pCi/kg
Therefore, the concentration of Mn-54 in animal meat is calculated to be:

Fr*C, *Qp*e™=4.63525 pCi/kg in meat for Mn-54
PART D: 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:
> DFLis *[ Us * £ *Cy + U * Con+ Ura *Cr + Ura *£1*C1) 26

For Mn-54 set equal to 1, 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:

DFI;, = 1.40%10°° ingestion dose factor for adults/GI-LLI for Mn-54, in mrem/pCi
ingested (RG 1.109, Table E-11)

Uya = 5200 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 = 3100 milk ingestion rate for adults, liter/yr

Uka = 1100 meat ingestion rate for adults, kg/yr

ULa = 64.0 leafy vegetable ingestion rate for adults, kg/yr

G = 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)

Ct = 4.635 concentration of Mn-54 in meat, in pCi/kg (from above)
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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:
DFIi. * (U * fe*CyF Uma *Cim ™ Ura *Cr + Ura * £ *C,L]=0.449527 mrem-/yr 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 DFIjj, *Uy, *f; *C, = 0.373
of stored vegetables

Dose for ingestion DFIj, ¥Upa *Cr = 7.855%10°
of goat's milk

Dose for ingestion DFIj, *Ug, *Cr=0.00714
of meat

Dose for ingestion DFlj, *Up, *f; *Cp = 0.0688
of leafy vegetables

PART E: 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) 0.00184 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
of an adult for Mn-54)
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APPENDIX B

ANNUAL AVERAGE EFFLUENT CONCENTRATION LIMITS
TAKEN FROM

10 CFR 20, APPENDIX B
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Api. B

App. B : - -
PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION
- Tabie 1 Table 2. ‘Tatite 3
Occupational Values Effluent Releases to
. ) B Concentrations Sewers
gol. 1 €l 2 - Col. 3 Col. 1 Col. 2 N
aral . Monthly
' ) Ingestion Inhalation . Average
Atomic Radionuclide Class AL 1 b Air ° MWater Concentration
No. . (pci) (#Ci) (uCi/m1) ~(uCi/ml) - (uCi/ml) {pCi/al)
1 Hydrogen~3 . Water, DAC {nclude's skin R . l
. absorption 8E+4 8E+4 2E-5 1E-7 1E-3 -1E-2 )
Gas (HT or T,)Submersionl: Use sbove values as HT and T, oxidize in air and in the body to HYO.
4 Berylliwn7 - . W, all compounds except  8E+A 24 9%-6 3%-8 6E-4 6E-3
: : . thase givea far Y - . B . .
Y, oxides, halides, and
nitrates L - 2E+4 BE-& 3E-8 - -
‘8 Berylliun-10 W, see ‘Be 1£+3 2ZE+2 6E-8 2%-10 - -
: : ’ LLI wall . ' .
7 (1E+3) - - L 2E-5 2E-4
Y, see 'Be - 1E+41 6€-9: 28~11 - -
6 Carbon-117 Monoxide - 1646 SE-4 2E-6 - -
. . : Dioxide - _6E+5 3E-4. C9E-7 . - - .
Compotinds L 4E+5 -AE+5 2E-4 6E~7 . 6E-3 - 6E-2
& Cartion-14 Monoxide - 2646 C7E-4 266 - -
’ - Dioxide - .- 2E+5 SE-5 3E-7 - -
‘ Compounds. 2643 2E+3 1E-6 - -3E-9 -~ 3E-5 3E-4
9 Fluorine-182 D, fluurid!s.of H, Ui, S
. Ha, K, RS, Cs, and Fr SE+4 TE+4 3e-5 1E-7 - -
: . St wall . . ]
© (5E+4) - - - TE-4 7E-3
W, fluorides of Be, Mg, . .
- -Ca, Sr, Ba; Ra,.Al, Ga,
‘In, TV, As, Sb, Bi, Fe,
Ru, Os, Co, Ni; Pd, Pt,
.Cu, Ag, Au, In, Cd, Hg,
Sc, ¥, Ti, Ir, V, Nb, : .
Ta, Mn, Tc, and Re - 9E+3 4E-5 - 1E-7 - -
Y, lanthanum fluoride - BE+4 3E-5 - 17 - -
. n Sodium-22 D, al) compounds * 4E+2 BE+2 3E-7 9E-10° 6E-5' 6E-5
1 Sodium-24 D, al} compounds 4E+3 5E+3 26-6 7E-9 SE-5 5E-4
12 AMagriesAim-ZB D, all compounds except. N
s ' those given for W TE+2 2E+3 7E-7 2E-3 9E-6 9E-5
W, oxides, hydroxides,
carbidés, halides, and . o
nitrates ' - 1E+3 SE-T" 2E-9 - -
13 Aluminum-26 0, all compounds except - L . o
- " those given for W 4E+2° 6E+1 3E-8 9£-11 6E-6 6E-5-
. W, oxides,-hydroxides,
carbides, halides, and
nitrates : ' - ‘9E+1 - 84E-8 1.E~1_0 ~ -
" Silican-31 D, a1} compounds except _ :
those given for W and Y 9E+2 3E+4 1E-5 4E-8 - 1E-4 1E-3
W, oxidas, hydroxidss, . . )
. carbides, and nitrates - 3E+4 1E-5 SE-8 - -
" ¥, alveinosilicate glass - IE+4 1E-5 48 - N
14 silicon-32 D, see g4 T3 - 2642 16-7 k10 - -
: LLI wall L . .
. (3E+3) - - - 4E-5 4E-4
W, see J1si . 1642 SE-8 %10 - -
Y, see 15 - 5€+0 2-9 712 - -
15 Phosphorus-32 0, all :cumpéunds'except - : . :
: : phosphates given for ¥ 6E+2 9E+2 ak-7 1E-9 ] 9E-6 9€~5
W, phosphates of an'.
53*_ ng’, Fes‘, ﬁia’.' . . i
and lanthanides - 4E+2 2E-7 5€-10 - =
15 Phosphorus-33- D, see J2p 6E+3 8E3 _4E-6 1E-8 8E-5 8E-4
- W, see “°p - - 3E+3 1E-6 4E-9 - -
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App.B

' PART 20 » STANDARDS FOR PROTECTION AGAINST RADIATION

fiee

w

App.

.22

B-3

" Table 1, Table 2 Jable 3
Occupational Values Effluent Releases to
’ R Concentrations Sewers
Col. 1 .Col.:2 Col. 3 Col. 1 GCol.2 . T
© Oral - : _Honthly, .
- - Tngestion Inhalation o . -Average: .
Atomic Radionuclide - Class . ALT . Al Air Water  Concentration
No. . : (uCi) (WCi) < - (uCi/ml) (uCi/ml). (uCi/mi) . (uCi/ml) -~
16 Sulfur-35 vapor - T r1Ee8 6E~6 ©  26-B - T-
D, sulfides and sulfates C T ’
except those given for ¥ 1E+4 2E+4 76~6 2€~8 - -
. ’ LLT wall : .
(8E+3) = - - 1E-4 -3
W, elemental sulfur, 6E+3
sulfides. of Sr, Ba, Ge,
Sn, Pb, As, Sb, B8i, Cu,
Ag; Au, In, Cd, Hy, ¥, and
Mo. Sulfates of Ca, 5r, . - )
- Ba, Ra, As, Sb, and B} - 2E+3 9E-7 36-9 - -
17 Chlorine-36 .~ .D, chlorides of H, Li, . )
o Na, X, Rb, Cs, and Fr 2643 2643 1€-6 3E-9 25 26-4
W, chlorides.of lantha- ' ' ‘
nides, Be, Mg, Ca, Sr,
- Ba, Ra, Al, Ga, In, T1,
Ge, -Sn, Pb, As, Sb, Bi,
*.Fe, Ru, Ds,.Co, Rh,:1Ir, .
Ni, pd, Pt, Cu, Ag, Au,
In, Cd;-Mg, Sc,-¥,.Ti,
Ir, Hf, ¥, §b, Ta, Cr, . : ’ .
Mo, W, Mn, Tc, and Re - e 18-7 3E-10 - -
17 chiorine-382 0, see 36¢i 2644 ages 2-5  6E-B - -
. i St. wall : -
e 6 (3E+4) - - - 3E-4 3E-3
... Wysee 300 - SE+4 26~5 . 6E-8 - .-
17 © chlorine-392 g, see. 360y 2644 5E+4 %5 76-8 - -
C . - 5t. wal} B . -
36 (2E+4) - - - SE-4 5E-3
v, see 35¢1 . - - 27 ) %5 BE-8 - -
18 Argon37 Sutmersion? - T - - 140 6E-3 - -
.18 Argon-39 Subwarsionl ’ - - C %4 © . BE-7 - -
18 ‘Arggﬁ-}_l Submersiont . .- - 3E~6 1€-8 - -
"1?_ Potassium-40 D, all compounds 3E+2 4E+2 2E~7 6E-10 iEi'G . AE-S
19" Potassium-42  0,-all compounds 5E+3 5E+3 26 7E-9 7 BE-5 " 6E-4
19 Potassium-43 0, all compounds 6E+3 aE+3 4~  1E-B 9E=5 9E-4
19 potassium-442 D, ali. compounds 2644 D 7Ee4 3E-5 . S9E-8 - .
' S : ’ 5t.. wall o AR ' :
. i {4E¥A) - - - SE-4 56-3 -
18 Patassium-452 D, all compounds I “1E+5 SE-5,  26-7 - -
: K St..wall
_ , (SE+4) = - - - 7E-4 7E-3
20 Lalcium41. "W, all compounds 3E+3 4E43 25 - - .
F . Bope surf Bone surf. .
’ (4E+3) (4E+3) - SE=9 6E-5 6E-4
20 Ealciumds ¥, all cospounds 2643 ge+2 . 4E7  1E-9 265 264
ZD->-< - Calcium-47 W, ‘all cospounds 8E+2 9E+2 4E~7 1E-3 1E-5 1E-4 ;
21 ‘Scandium-43 Y,-all coapounds TE+3 2644 9§ 3t-8 1E-4 1€-3
21 - scandiva-44m ¥, il compounds . 5Es2 TE+2 3E-7 1E-9  TE-6 7E-5
a1 Scandium-44 Y, all compounds 4E+3 1644 SE~6- 26-8 5E-5 5€-4-
Fa Scandius—46 Y, all -cuimun&; 8E+2 " 2E+2 1E-7 3E-10 1E-5 . 1E-4
-2 Scandiua-47 - Y, all cospounds B4y .33 1E-6 | 4E-9 - -
: LLE wall - -
(3843) - - - 4E-5 4E-4
21 - Scandium-48 Y, .a1l-compounds 8F+2 1E+3 6€-7 2€-9 1E-5 1E-4
21 Scandion-43 " ¥, a1l compounds 2644 SE+4 - - 2E+5 8E-8 -4 3E-3
Titanivm-44 0, aln :{mpounds except . . ’ ’ . )
' . those given for ¥ and ¥ 3E92 1E+1 - SE-9 2£-11 4E=6 .AE-S
) W, oxides, hydroxides, ‘
carbides, halides, and .
nitrates e - 3E+1 1E-8 4E-11 - -
Y, Sr¥i0s - 6ED: 2E~9 BE-12 - -
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pp-B PART 20 STANDABDS FOR PROTECTION AGAINST RADIATION- PP. B
© o Tablel. . Table 2 - - Table 3
Occupational Values' . Effluent _ Releases to
L [ Concentrations Sewers -
Col. 1~ Col. 2°. Cal. 3 Coli1l Col. 2 :
Oral ’ Lo . -+ Monthly.
. .. : Ingestion JInhalation Average
Atomic Radionuclide Class AT~ . AL DAC Air Water  Concentratien
No. . o S (uei) TQEi) (uCi/el) (uCi/al)  (uCi/mi) (uCija))
22 Titaniweas D, see aTi GE+3 3644 3E-5 3-8 ;-4 . 13
R W, see i P BE+4- | 3ES 5E-8. -~ . -
} ¥, see M1y - - 3E+4 15 ek - -
2 vanadium-472 0, 2l compounds except ’ ) o ; : .
- those given for W =~~~ . 3«4 8E+4 3E-5 T 1E-7 . ~
’ < . St. wall . BN
(36+4) - - - 4E-4 - 4E-3
W, oxides, hydroxides, . o L ' .
carbides; and-halides’ ~ 1E+5 4E-5 1e-7 - -
23 Vanadiun-48 D, see g2V 6E+2 1E+3 €7~ 26-9 96 9E-S
. ‘W, see 'V Ce §E+2 -7 . 910 .- BN
23 Vanadium-49 B, see Ny 7E+4 " 3ges - 5. - L. = -
T . . LI wal} Bone surf - ) . . L .
. PR (SE+4) - (3E+A} - . . BE-B 1643 262 -
‘H, .see 'V . o=t 2E+4 8E-6 2E-8 - - -
24 Chroniu-48 D, all compounds' except .. _' ) o
those given for W and Y 6E+3 1E+4 SE-6-. 2E-8° 8E-5°-  8E-4
* W, .halides and nitratés - 76437 36 - 1680 < -
o :Y, oxides and ﬁyd‘roxiges».. - 7Ee3 3E-6 1e-8 - -
24 - Chromive-492 D, see gocr 34 -BES4. 4E-5:. 16T -4 4E-3
- : W, see sgCr - 1645 4E-5. 1€-7 - -
‘ Y, see cr - 9E+s 4g-5 1E-7 -~ -
24 Chromius~51 .". D, se6 aoCr Tapes 7 spes . 26-5 . 6E-B  SE-4 .  SE-3
A W,-see aoCr -~ 2644 1E-5 -8 - -
Y, see " Cr - . 2E+8 BE-6 3-8 © - T -
25 H;anganes‘e-sl-z D, an _compounds except o L ' L o
: -those -given: for W 2644, SEvs 2%-5 - - TE-8 3E-4 3E-3
W, ‘oxides, hydroxides, Lo ' o . .
) N halides, and nitrates e 6E+4 3t-5 . BE-8 - -
.25, Nang_anese-SZ-z .. Dy see Slﬁn_’ ’ . C3Ees . oped 4E-5 1€-7, - L
. R . . . (St. wall i A C
] o €y - - - So- SE-4-. © 5E-3
W, see Flup <. 1645 ‘8E-5 - 17 - -
25 Manganese-52. U, ses olun E+2 1693 O SEe . 2E-8 . 1E-5 C1E-4
. SR M) see - - 942 . 8-7 . 1§ o~ -
25 Manganese-53 D, see “ln SE+4 . 148 . - SE=§ - 7E-4 7€-3
. . . . . ‘Bone surf
. . (2Eed) L B~
W, see Tus T (22 A X 1 -
25 Manganese-58 - D, see 2iMn. w3 9Bz 4-7 169 -5 34
. . W, see SMn = -BE42 3E-7 1E-9 - ~
25 Manganese-56 © D, -see SiMn SE+3’ 2644 6E-6 -8 . TE-5 TE-4
S W, see Slun - 2644, 9-5 3-8 - - -

B-4
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PART 20 STANDARDS:FOR PROTECTION.-AGAINST RADIATION
- ~ Table:d” Table 2~ Table 3
- ‘Occupational Values Effluent. Releases to
E o Concentratmns Sewers -
Col.'1 .- .Col. 2. Col. 3 €011 Col.2 .
Oral - : o - - Monthly
A . : Ingestion Inhalation - Average
Atomic " Radionuclide Class ALL AL AT . Air Water  Concentration
No. . S S 3)) (uCi) 7, (uCi/ml) (uCi/ml). (pCi/m1)- (pEl/!ﬂ)
26_ -+ . lron-52 »- D, all compounds except ) : . .
- . .- :those given for W 9E+2 3E+3 1E-6 1E-5 164
‘W, .oxides," hydrox\des, S : o )
R © and hahdes . ~ ’ 2E+3 1E-6 J3E- - -
“25 - lronsS5 - D, see 32re 9E+3 T2Ee3 - BE-7 3£-9. -4 1E-3°
o ST W, see Fe - AE+3 2E-6 SE—Q - -
% Iron-59 D, see ggsa' BE+2 g2 U7 SE-10 1ESS 164"
. W, see ““Fe - 5E+2 2E-7 - 7€E-10 - -
2% Irom60 D see 32Fe 34 6840 . 33 9E-12:. 467 4E<6
. W, see 7“Fe = . 2«1 BE-9 3E-11 - -
27 Cobalt-55 g W, all cum‘pnunds except ’ :' e . ) -
C . those given for Y 1E+3 3E+3. - “1E<6 4E-9 2E-5 2E-4
. Y: oxides, hydruiidés"',' o R Do .
..halides, and nitrates - . 3843 1E-6..  4E-9-- - -
27 Cobalt-56 W,see 00 o s 32 ¢+ 1E-7  4E-ID .. GE-6  GE-5
- ) Y, see ““Co - - 4E+2 2842 BE-B 3E-10 .. - -
27 Cobaites7 ‘ H,-«'s'ee-‘-gg(-:o 8E+3 " 3643 TE-6  AE8 C 665 . GE-4
o : Y, see *°Co .4E+3 7E+2 © 3E27 9E-10 = -
27 Cobalt-Sem.” BE# oE+4 4E-5° 16-7" TV BE-4 . BE-3
: T GE+4 -5 9E-8 i~ -
‘21 Cobalt-ss T - ’ g4 Es3 . SE-T 26-9  %E-5 . - 2658
. : 1E+3. TRR2 T 3E-7 1E-9:. -
21, Cobalt-60md .. N 1646 4546 2643 BE-§ - -
S . .St. wall o . .
: . sg (1E+6) - - - - 2E<2 26-1
. - Y, see "-Co 3E+6 1E-3 . 4E-6 v .- - .
27 Cobalt-60 "W, ses 33t SEe2.. 2642 - 7E-8 2E<10- - 3€-6 365
5 - Y, see 2o “<2E42 3Es] B8 SE-11 © .+ -
2 cobart-6i? - W, see 2B 6Es4 . 3E-5  9E-8 -4 33
i Y, see “Co 2844 6E+4 2E-5. "8E-8' . -~ -
27 Cobali-62a W, ses: 5o 4 2645 “7E-5 2647 - -
- o o St 'wall - o e
Y ogg ' (5E+4) - - o= 7E-4 7E-3
L ¥, see Co - 2E45 §E-5 26-7 - -
. Nicka1-56 D, ait compounds. except . I ) o ’
R those glvan for W _ 1E+3 2E+3 ‘BE=T 3E-9 2E-S. 2E-4
~'-H oxides, hydroxldes. ; - B T . '
and carbides , ' - 1E+3 SE-7 -2E-9 - -
vapor - - e -0, 1843 - 5&-7 2€-9 - -
28 Nickel-57 D, see gﬁm | BEe3 | (1L 2E-6  7E-9 -5 26-4
. H seé TN o T 3E+3 - 1E-6 - AE-9 - -
Vapor - 6E+3 3E-6 BE~ - -
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App. B |

) Table 1 Table 2 Table 3 :
Occupationa) Values Effluent Releases to- !
. ‘Concentrations . Sewers
: cal. 1 Col. 2 Col. 3  Col. 1 Col. 2 .
oral - : o Monthly
Ingestion ‘Inhalation . Average -
Atomic Radionuclide Class ALl : AL DA Air Water . Conceniration
Na. : - ue) uei) (pCi/m1) (pCi/m1)  (pCi/ml): (pCi/m))
28 Nicke]-59 D, see XN 2644 453 . 26-6  SE-9 3E-4 3E-3
B . W, see “Ni - . 7E+3 3E-6 1E-8 - -
Vapor -. 2E+3 8E-7 3E-9 - .-
8 Nickel-3 - D, ses JENi 9Eed 2643 T 29 1E-4 16-3
W, see " Ni - T 3E+3 1€-6 4E-9 - -
R Vapor ) - 8E+2 - 37 1E-9 - - .
28 Mickel-65 D, see gghi 8E+3 26+4 1E-5 3E-8 1E-4 13
- W, see TN - 3E+4 1E-5 | 4E-8 - -
. . vapor = 7 - ZE+4 7€-6 26-8 - -
28 Nickel-66 . B, see-§5N{ 4E+2 2E+3 7e~7 - 269 - -
. - LLI wall - "
56 (5E+2) D= - - 6E-6 6E-5
Y, see TN} .- BE+2 . 3E-7 SE~10 - -
Vapor - JE+I 1E~6 .AE~9 - -
29 - Copper—602 0, all cospounds except .o .o
: those given for W and Y 3E+4 9Ee4 - 4E-5 . 1E-7 - -
o - st wall : ‘
R (3E+4) ~ . - e - AE~§ 4E-3
W, sulfides, halides, : - )
‘. and nitrates - © o 1E+§ 5E-5. 267 o - -
A Y, oxides and hydroxides - - 1645 45 17 - -
23" Copper-61’ D, see 50y 1644, 344 1€-5 -8 24 2%-3
. M, see SOC“ - . A4 2E-S 6E-8 .~ -
) ¥,.see " Cu - LT -8k 1€-5 5E-8 - -
29 Copper-64 . ~ D, see S0ry 1648 3E+4 1E5 . 4E-8 T 2E-4 263
- s N W, see 5otu - - 2E+4 1E-5 3E-8 - -
Y, see “-Cu - - . 2E+4 9E-6 3-8 - -
28 Copper-67. 0, see 0y 5643 8E+3 36 -8 665 6E-4
, W, see oCu : SE+3 266 7E-9 - -
o X Y, see " Cu - SE+3 '2E-6 6E-9 - -
30 Zinc-62 ¥, a1 compounds - 1643 3643 Y S
30 Zinc-532 " .Y, all compounds 2E+4 TE+S J3E-5 9E-8 . - -
- : » st. wail. : \
. - (aE+4) - -, - . 364 3€-3
T30 - Zine-ss ¥, 211 compounds “RE+2 3642 1E~7 4-10° ' 5€6 . SE-5
T30 Zinc-gom ¥, all compounds " AEed 7E+3 ¥-6 1B BE-5 6E-4
W Zinc-6e? 'Y, all compounds 6E+4 1645 66-5 .1 26-7 84 e£3
.30 Zine7m ¥; ‘ail compounds 6E+3 2644 - - 7E-6 2%-8 BE-5 8E-4
30 Zinc-72 Y, all compounds 1E+3 1E+3 SE-7 2E-9 1E-5 1€-4
3 Gal1iys-652 D, al) compounds except ) - ' p
. those given .for ¥ .. CSE+4 2E+5 7E-5 2E-7 -~ -
: st. wal . . : ;
T - (6E+4) - 2 - 9E-4 9E~3 h
W, oxides, hydroxides,- : . N
carbides, halides, and L
: BE-5 3E-7 - - !

nitrates

- 2
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ApP-B . pART20 STANDARDS FOR PROTECTION AGAINST RADIATION
. . Table 1. " Table 2 Table 3
-Occupational Values "Eff Juent Releases to
T R . Concentrations - Sewers
Col.1  -Coi. 2 . Col:3 .Col.1 Cal. 2
ora) ’ - R . Monthly
. . . . . - Ingestion Inhalation -. . Average
Atomic Radionuciide =~ "Class - ALl ALl DAC . AT Water C_ongentra’tion
No, ) - R (pti) (uci) (peirm1) (pCi/ml)  (uCi/ml) (uCi/ml)
31 Gallium-66 D, see &2Ga e 4E+3 16~ SE-9 1E-5 1E-3
D ¥, see’ “7Ga - - T O3E+3 1£-6 4E-9 - -
A Gallium67. D, see ggsa . LTEN3 - 164 6E-6  2E-8 iE-4 . 1E-3
. W, see "7Ga - 1E+4 4E~6 1€-8 T -
3l Gatlium-682 D, see S6a . e 4E+4 26-5 6E-8 - 2674 2€-3
s W, see "“Ga L - - SE+8 2E~5. 7€-8 - =
31 . Galliw-70? 0, see 5% . sEa . 2E+5 7E~5  2E-7 - .-
) - St. wall .
&5 (TEM). - I 16-3 1€-2
W, see Ga ) - 2E+5 8BS 3€-7 - .-
n Gallivem72 .0, see $36a . 1643 4E+3 1E-6 . 5E-9 265 264
: ) L W, see "“Ga : = . 3E+43 1E~6 4-9 © - . -
31 Gallium-73 D, see f36a - 5E43° 244 © 6E-6 2E<8 JE-5. | TE~4
.- W, se= “Ga - ‘2E+4 . BE~6  -2E-B st
Coaz Gersianiim-65 D, all compounds except ' . T . .
those given for W T2E+4 3E+4 }Efs © 4E~8 .. 3E-4 _3E~3
W, oxides, sulfides, - 2 ' . o ‘ '
. ' © and halides . : - - 2E+4 BE~6 .. ; 3E-8° - -
32 Germanium-675 D, soe S6ge T SE+4 . © © AQE~5° ' E-7- - -
. " g Stowall- - o A :
o % - . (RE4) T - - e G GE-4 6E~3
. . W, see " Ge - - ot 1E+5 4E-5 ~ 1E-7 - - N
32 Germaniui<68 *- D, see’Soge . 5643 - 4E43- . 26<6"  SE-9- . ,6E-5 - 6E~A
: S W, see S6e R e2 . SEF 1610 - -
32 Germiniur-69 D, see S6gs e 2644 6E~6 . 26-8  .2E-8 . ZE~3
o W, see..Ge ce BE+3 J3E-6 "1E-8. - -
32 . Germemiw71 O, see SGe " 5E+5 AEes 2E-4 6E-7 . TER} T TE=2
. W, see " Ge - AEr4 O 2E~5 . 6E-8 . - -
32 Germanium-75% D see 6ge 164 BEHA 35 167 - -
: S St, wall - ’ .z
. ' 86 (TE+4) - - < 9E-4 9E-3
. M, see ""Ge - . BE+4 . tAE-5 1E-7, - S )
32 Gevsaniua-77 D, see g 9g+3  1E+4  #E-5 - JE-B -4 163,
o : W, see “Ge - 6E+3 . _2E-5‘-‘ T .. 8E-9 - - .
2 Germaniuen-782 - D, see 55ge 2644 2E44 9E~6 - 3£-8 - -
. R St.-wall . Lo :
o (2E+4) - - - 3E-4 - 3E-3
W, see ge - 2648 9E~6 3-8 - -

B-7 ODCM Rev. 25
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APP-B . paRT20 STANDARDS FOR PROTECTION AGAINST RADIATION ~ “PP-B
Table 1 o " fablez  Table3d .
Occupational Values . Efflueat ‘. Releases to-
. . Cuncentraﬁons‘ Sewers
Col. 1 Col. 2 . Col, 3 Col. 1 Col. 2
Oral o - Monthly
L " Ingestion Inhalation . Average
‘Atomic- Radionuc)ide Class - ALl . AL - DAC Air Water ‘Concentration
Mo. S ) _ . (€)Y~ W) (uCi/ml) (uCi/al) ~(uCi/ml) (uCi/m))
3 Arsenic-69° W, ail compounds - © 3E4q W®es . SE=5 26-7 : -
, PoR st.. wall S o
. (aEsa) . - . c:l 0 eE-4 . 6E-3.
33 Arsenic-707 W, all compounds ‘1644 SEsd 2E-5 768 - 2E-4 - 2E-3
33 Arsenic-71 W, all compounds T 5E+3 " 2%-6 6E<9 &E-5 ° §g-4 o
33 _ Arsenic-72 ) W, all compounds - 9E+2 - 15.03. 66=7  26-9 - 1E-5 o 1E-4
31 ArseniceT3 W, a1l compounds BE*3 2643 -7 . 26-9 T 24 1E-3 . ’
33 Arsenic-78 W, all compounds W3 BEe2 ¥-7 - 1925 264
3 Arsenic-76 W, all conpounds ‘1E+3 T - 14}, 6E-7 26-9°  [1E-5 1€-4
33 - Arsenic-77 . W, all cospounds 4B+ . SEs3 %6 CIE9L - %
S - N LLI wall . e
. . " (5E+3) - - - - 6E-~5 6E-4
- 33 Arsepic-782 W, a1l compounds BES3 - 264 9= 3-8 . 1E-4 2T
kY seleniwm-702 D, anl compounds_except o o
. thosa-given for W - o ZEee . 4B 2%-5 SE-8 1E-4 1E-3
W, o:’ti'dés-. hydroxides, . ’ - o ’
carbides, and Lo . . . .
. . elemental Se ©T1EM- AEe4 . %-5 . T 6E-8 - . = A
.30 seleniTia’ D, ses 2se “GE4S - . 2645 . BES 267 4E-5 43
. : W,'see "Se . 3E+4 © 1E45 6E-5 2E-7. - e
3 Selanimm-73 D, see 05 © O ags3 . Mg SE-B - ZE-B- - 4E-E -1 4E-4
) A WL see U5 ST 2eed JE-6 | 2E-B° - -
34 ‘Selenium-75 D, see ;gse ‘5E+2 7652 ¢ 3E-7 -9 7E-6. - IE-5
4 A W, ces Use ' N BE42 “3E~7 g-10 - = - .
3 . Seleniua-73 D, see J0se 6E42 BE+2 3E-7 . - 1E-9 8E-6 ©  BE-S
- . W, ses ‘Ose - 6E+2 S 2E-7 8E-10 - >
# seleniw-Bln? - p, see J0Se . 4E44 | TEM 3E-5 SE-B 3-8 3E-3
. o ¥, see "USe ) 244 TE+4 - 3E-8§ 1E-7 - - .
3 Selenium-812 D, see O5e - 6E+4 2645 9-5 - 37 . - -
’ Co S ) st. wall o ]
* g (BE+8) -~ - - 1E-3 *-2
' W, see 'Ose - 2645 4. 367 - -
34 . Seleniur-832 D, see ;gs-: ' 4E+4 1E+5 SE-5 26-7 4E-4 4E-3-
RN W, ses /0sg . 3E+4 _iES 5€-5 26-7 - -

B-8 ODCM Rev. 25
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g

o . .Table 1 y Tabie 2 " Table 3
. Occupational Values Effluent Releases to
3 b . ’ Concentrations " Sewers
ol 1 Col. 2 Col. 3 Col.1 Col. 2 ,
© oral - . S Monthly
. Ingéstion ._.Inhalation . Avérage
Atomic Radionuclide Class ~ ALl - AL - DAC - Air  Mater Concentration
No. : . ’ (pei) (uCi) (uCi/m1)  (uCisml)-- (pCi/ml) (pCi/ml)
5 gromine-74m2 . D; biromides of H, Li, . : e '
“"7 0 7 Na, K, Rb, Cs, and Fr, 1E+4 4E+4 26-5 5E-8 - -
St. wall .
- (2E+4Yy - - - 3E-4 3g-3
- W, .bromides ‘of lantha-
nides, Be, Mg, Ca, Sr,
. Ba, Ra, Al,.Ga, In, TI,
‘Ge, Sn, Pb, As,” Sb, Bi,
fe,-Ru, 0s, Co, Rh, Ir,
Ni, Pd) PE, Cu, Ag. Au,
‘In, Cd, Hg, Se, Y, Ti, -
r, Hf, V, Nb, Ta, Hn,’ L
Tc, "and Re : - AE+4 2E-5 BE-8 - ~
35 Bromine-742 - D, see ¥Pgy 2644 i TE%4 k-5 1E-7 - T
A . . St. wall X
74 | (4E+4)- - - - 5E-4 5E-3
W, ses '"Mpr - BE+4 4E-5 1E-7 - - .
35 Bremine-75% by see “4®r 3644 Sess - 26-5  .76-8. .- :
. . . CSt. wall’ . . -
24 {4E+4) - e 5E-4 SE-3
) W, see ' pr - 5E+4 | 26~5 7E-8 - -
3% - Bromine-76° 0. see Ti%3r 4E) SE43 . 266 . TE-9.  SE<S 5E-4
W, see '""Br - - 4Ee3 2%-6 BE-9 - -
3/ Bromine-77 D, see 24Tr 264 2644 -5 3-8 2%-3 26-3
. : W, see r - ZE+4 - ' 8E-6 - 3e-8 - -
35 . Bromine-80R.: - D, see J4%r 26+4: 2644 -6 268 -4 33
S W, see ' MBr - - 1E+4 6E-6 " - 2E-8 : -
35 Broaine-80¢ | D, see VM3 5E44. 2645 " BE-5 €7 - -
I ' ' "t R : :
9E+A) - A - 7 1) -2
o . W, see 74; - 25 7 95 37 - -
35 | Bromine-82 . D, see Ji%ar 343 AEs3 266  6E-9  4E~5 . 4E-4
S W, see gy : J4E3: 2%-6 - S5E-9 - -
35 Brominé-83 ‘D; see. Mg SE+4 | BEv ¥-5 sE8 - -
i . ST (s:.ﬂ\;n-t .
- - (TEH) - R - 27 9E-3
L wisee T4 - E+4 -5 98l - -
35 Bronine-g4? - D, see "4%Br 2644 BE+4 2%-5 - g8E-8 - -
: S st wall .- . . : . -
, (3EH) . o= - - -4 )
W, see 745, .- e E-5 - 9EB - -
Krypton-742 ©  Sibmersionl - ce - S | S | -
3% Krypton-76 Submersion?- e - o6 - aE-8 - -
3% Kkypton-772° Submersiont - - .46 28 - -
3% Krypton-74. ﬁibhefsiqn_l'- - .- (%S TE-8 - -
" Krypton-81 - -'_S;'ila:persionl - - 7E-4 . 36 - -

ODCM Rev. 25
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PART-20 STANDARDS FOR PROTECTION AGAINST RADIATION App. B
Table 1 Tahle. 2. Table 3°
, Occupatwnal Values Effluent .. Releases to
’ Concentrations Sewers
Col. 1 <.ol, 2 Col. 3 Col. 1 -Col. 2
Oral . : Monthly
) L . . B Ingestion Inha'lauan - Average
Atomic Radionuclide Class ALl “ALI BAC . Air . Water:  Concentration
No. . (uCi) (pCi) (uCi/m'l) (uCi/m1)  (uCi/ml) {pCi/ml)
36 Krypton-g3s® Submersion’ - #-2 S5 . - -
36 Krypton-g5m Submersion® - - -5 167 - -
»36 Krypton-85 Sul;mersinn1 - - i >lE'-_4 . TE~T R .
36 Krypton-872 Submersion? - - se-5 268 - - -
35 Arypton-gs’ Submérsion! . - - -8 %-9 . - . -
Rubidiun-792 9, a1l compounds 4E+4 %5 5E-5 67 - -
. . St. wall - to
(6E+4) - - - BE-4 3E-3
-3 'Rubidilm-elr_nz . 0, all compounds . 2E+5. 3E+5 1€<4 - SE-T - B
) : 5t. wall . : : e
N (GE*s) - - - 4e- 4E-2
L Rubidium-81 ', a1t compounds 4E+4 5E+4 25 TE‘B. 563 5E-3 .
3 Rubidiun-82m 0, all compounds - 1E44 - " 2Ees JE-§  26-8.  26-4° 2~
37 Rubidium-63 “B, ‘all compounds SE+2 1643 4E-7 - 1E-9 9E-6 9E-5
37 Rubidiumad D, all campounds ° 5E+2 BE+2 - 3E-7 1£-9 7E-6 7E-5
37 . Rubidiwe86 D, all- compounds 5E42 BE+2 3E-T 1E-§ “YE-6 7E-5
Eri RubidiGn-87 B, all-compounds; 1643 2643 6E7 2%-3. - 1E-4 ;
EY) Rubidiue-882,. . - D, all compounds 2E44 GE+4 35 9680~ =
oL St. wall ’ '
: (3£44) . - - AE-4 4E-3
EY) Rubidi un-897 0, all compounds AEs4 - 1EsS, 6E-5 . 267 © o~ - -
: : St. vall “ 3 ’ -
) (6E+8) | . - - - 9E-4 - 8€-3
38 stj-onzimlsog p, ail soluble coupounds V . e ' -
. : except SPTi05 L 4Ee3. 1E+8 5E~6 -8 6E-S SE-4
Y, all msc'lub]e co.- . . . . c
pounds and’ SrTﬂ); - T O1E+4 5E~6 2E-8 - -
Strunti_ua-alz -7 D, see Ems\.- o " aped 8E+4 . 3E-§ © 1E-7°  3E-4 3E-3
K e Y., see.  Sr 26+4 BE+4 . 3E-5 | 1E-7 - -
38 Strontiun-82 D, see 205’ 3Ee2 . AES2 2-7° gE-20 - - -
- ’ “LLY wall - : . ’ :
. ‘8. - (2E+2): - - .- - 3E-6 3g-5
A Yj see “-Sr, 2642 9E+1 AE-8 1E-10 - -
-3 .. strontium-el. D, gee gosr 363 7643 -6, . 1E-8° 365 . 364
Y, see 'Sr "2E+3 . 4E+3 -6 . S5E-9 - s
38 - Strontium-8Se® D, see joSr 2645 BES5 - ‘3E-4 9g-=7 33 32 -
. ’ Y, see T Sr - BE+5 4E-4  lE-6 - .
3B Strontiwm-85- D, see 'ggs- - 343 3643, ‘1E-6 © 8E~@° - 8E=5 GE-4 :
. : Y, see °°S - 2E43 . ‘6E-7 - 2E~9 - > - !
38 Strontium-B7m . D, see BDSr "5E+4 " 1E45 . 5e-5 27 G.E"- 6E-3 » "
: - ¥, see 805 Yy 2645 _ 6E-5 26-7- R -

ODCM Rev. 25
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o Table 1 _ “Table 2 _Table 3
. ’ Dcrupationa) Valves Effluent ‘Releases to
- . - Concentrations Sewers N
€l.1 €0l 2 . Cel. 3 Col. 1 Col. 2 .
. Oral - T Monthly
. . . Ingestion Inhalation Average
‘Atosic. Radionuclide,. Class AL LI DA Air ¥Water  Concentration
Ko. . - ' . C ey (WCi)" * (uEi/al) (uCifml)  (uCi/mi)-.(uCi/ml)
38 Strontium-89 0, sea Bgr 6E+2 . BE+2 4E-7 1E-9 - - '
’ LLI wall . o
60 (6E+2) - - - 8E-6 8E-5
Y, see ®0sr 5E+2 1642 66-8 . -26-10 - -
38 - Strontium-90 D, ‘seé Bgpr- 3641 2EA1 g€-9 - -~ - -
: - Co Bone surf  Bone surf | s ’
. B0 (36+1) . (2E+41) - 3E-11 5657 SE-6
Y, see “Sr: - (4E+0 -8 BE12 ot -
38 Strontiun-91 D, see Sose ©2Ea - BE+3 %-6  B8E-9 - 2E-5 264
’ : Y, see "'Sr - 4E+3 _1E-6 5E-9 - -
s Strontium-92 - D, see Sosr 3ge3 9E+3 4-5 - 16-8 4E-5 aE-a
- ' - Y, see “Usr ) - 7E+3 -6 T 99 .
-39 Yttrium86ad W, 'a‘l'l:'conpounds excepé ’ ) .
those given for Y- 2B+ 6E+4 2E-5 8E-8°. 3E-4 3E-3
_ . Y oxides ang hydroxides - SE+8 26-5 88 - . <
19 Yttriun-86 M, see Sony T 1643 "3E+3 166  5E-9 265 26-4
Y. see Oy . - - 3643 16-6 5E-9° .- . -
38 . Yttrioe-87 W, see S0%y 243 3643 16-6  SE-9° L3650 A4
Y, see % .- 3E+3 . 1E-6 5E-3 - -
3y Yttrium-88 W, see SG‘Y 1E43 342 1£-7 ‘3610 . 1E-5 14
T Y. see-B0my - 2E+2 -7 3E-10 - -
39 vetriowSom-. W, see- S0y - ©aEey 1644 Se-6  26-8 14 - 1E-3
. : Y. ses 6y - 1E+4 SE-6 . . 268 .~ -
39 Yttriom-90 W, see S08y oz L TE 37 %0 - - -
. . LLI wal ~ S . o
. , : (5£+2) - - - -6 TE-S
. ¥, see 3%y S ez -7 g0 - <
39 Yitriow-ola’ W, sea S8y 1E+5 295 -4 C3E-7 2%-3 . 262
. Y, see - C2E+5 ¢ 7E-5 28-7 . - -
39 Yitrioes W, see 560y stz 22 ' 78 210 - 0 -
. : © ALl wall, - -
. o (BE+2) - - e BE~6 - . BE-5
o ¥, sen B8y e 20 osE8 . 210 - -
39 Vetriem-s2 W, see- S58y 3 9Ee3 . 4E-6 168 465 - A4
: Y, see 5% = 8Ee3 3-6..  1E-8 - -
33 Yetrivess W, see poRy. . 1Ee3 3Es3 -6 © AE-9 2E-5 2E-4
Y; see 3% - 2E43 ‘JE-6 . 3E-9 =S
39 Yitrim-942 © W, see 568y 2s4 T gEe 5 17 - .
- - Lo . St. wall . - .
, GE+) - - . at-4 453
Y, see S6%y e BE+4 26-5 1€-7 - .
39 Vetrion-952 © . W, ises B6My C4Ees . 2K gEest -7 - - o
R s St. wall “ : R o "
: . (SEv8) . - - - - 7E-4 76-3
Y, see 568y - C IS . BE-S 267 -t
B-11
ODCM Rev. 25
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'PART'20 STANDARDS FOR PROTECTION AGAINST.

RADIATION

Table 1

Yable 3

B-12

. Table 2 -
Occupational Values Effluent Releases to
: . - Concentrations .- . Sewers
Cof. 1 . "Col. 2 Cal. 3 .Col..d - Col. e
Oral EE R ’ * Monthly
o . ‘Ingestion - Inhalation Average
Atomic Radionuclide . Llass ] .- ALY DAC - A\ : Water . Concentration
No. . - (uCiy WCiy . (uCi/m) (pl‘.i/m\) (pCl/ml) (uC\/mI)
a0 Zirconium-B6 0, all cnmpounds except K . o
those .given for” V and ¥ - 1E+3 . 4E3 2E-6. GE~9 2Ef5' '?E~ .
: H oxldes, hydrundes. ’ . - . - .
. hahdes and. m(rates - © 3E+3 1E-6 4E-9. - -
Y. carbide e e L1E6 3BT - o -
a zié,éuniugn-aa" ‘0, see Bglr o 4E+3 T 2E+2 98 - 3E-100  SE%S SE-4
S © .M, see ler - S~ . sEw2. 2g-7:0 FE=10 G - =
o Y, see -1r .- "'JE*'Z_, . 1g-7- fE_.-.lO - -
80 - Zirconium-89 D, see gglr' . 2643 “aEs3 -6 ° 5E-9 28~5 2E-4
o eoh T W, see 86Zr - . . 2E¥3 . 1E-6 . 3E-9 - =
. . " ¥y see Ir R 2E+3 -1E-6 . 3E 9 - -
40 Zirconium-93 . D, see -3 zr - 1643 $E+0 T 3f-9 - -
s C Bong surf Bone surf @ .. . : s
o 85 | (3E*3) R {15 )] T s2E-11 4E-5 4E-4
W, ol C2E)l . . 1f-B - 5 - . - -
- LR .~ ° Bone surf.- . - o )
L s .- C(6E$1)- - 9E-11 - -
¥,-see OIr - 6E+l ! = e e - . .
: - . © Bone:surf . .- D .
R ¢ 54 - 9E-110 . .- o
40 Zirconium-s5- . 1643 162 SE-8 0 - o 265 . 264
# . N Bone surf 3
: - + (3E+2) = 4E-10 - -
D Y | 374 - -
: B &2 - -
407 | Zirconitm-97 see 367y BES2 2643 9E-6 9E-5
: B ‘. ;- see’ 86Zr- - 1E+43 . - ’
) lsee I - 1E+3 . - -
| w4l compuunds except AT SR - . g
- those gwen for ¥ . 5E+4 " . 245 9E-5 3E-7 - A
P “ stl wall T T
- Lo (TE+8) =L - P 1E-3 - 1E=-2"
. ¥, oxides and hydrondes - _ 2E+5 9E=-5-- ©° "3E-T7 - -
41 . Nicbiuwdsm? | w,-see ggut, B Y 1R e 265 -BE4B.  -1f-4 1€-3
- {66 'min) - v, see Nb - Ak 2E-5 SE-8 . - - -
41 . NicbiumB) * oW ses ggm,y G oBEe3 2648 BE-6 ¥8° . TES 7e-4
. (122 min) Y, see."Nb- e L - ZE+4: : 26-8 = -
. Wbt W, see S 143 3Ea. AES WS- 164
. .. Y, gee:""Nb - L 2E+3 . T -3€59- - -
41 Niobien-93a ¥, see 8. TSy . 2643 T 3 T -
. . . e LLY wall s P -
(Es8). ¢ - . ok e ZEE - 2643
- ¥, see, “Nb - 2E+2 . ,7E'B © - 2E-10 B
A Niobiur9s W, see Ny SErz . 262 - egem 310 1E-5 C 1EA
o Y, see PPN 0 L Sz i R 4 VR -
‘a1 . Niobium-95m W, see B8y 2603 k43 - 16 R - -
. . R - . ‘LLT wall - . Lo .
Y e (2E43) - - = . T3E-§ 3E-4
_Y; ‘see " Nb . : 2E¢? SE-7 3E-9 - -

ODCM Rev. 25
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

B-13

h Table 1 "Table 2° Tahle 3
Gccupational Values -Effluent Releases to’
T ) ’ . Concentrations Sewers
g1, 1 Col. 2 €1.3 -Col. 1 Col. 2
. oral ; ) Monthly
. © Ingéstion Inhalation Co Average
" Atomic’ Radionuclide Class . ALl ALL DAC Water Concentration
+ Nao. (ued) (Wei). - (uCi/m}) (ph/nl) (pCi/m1) (pC’l/l” :
a Niobiun-95 W, see gng 2643 1€+3 SE-7  26-9 365 - 3E-4
: . Y. see ~ Nb - 1E+3 5E-7 2€-9 - -
a1 Kiobium-96 w, see gng 1E+3 643 16-6 4€-9-° 26-5 -2E-4
: . . Y, see N - 2E+3 -6 - 3E-9 - -
a1 oNicbiue97? 7w, see BBy 2E+4 3E+a JE5, 16T E-4 . 3E-3
o Y, see By - 7E+4 3E-5 . 1E-7 : -
a1 Hiobiun-98% W, see SBu5 144" . 7 OSE 2%-5 8E-B °  2E+4  26-3
: Y, see 58y - SE+4 - 2%-5 7€-8 - -
42 " Molybdenum~90 D, all cumpounds except o
’ - t.hosc given for Y 4E+3 7E+3 3E-6 ‘1E-8 T 3E-h 3E-4
- Y, oxides, hydroxides, . . Lo . .
and Mas, ‘2643 \ SE+3 26-6 6E-9 - R
42 Molybdenum=83m D, see gguo 9E+3’ 2644 7E-6 2€-8 6E-5 6E-4
. T ¥, see %o 4E+3 S 1Eed " - 6E-6 26-8 - -
22 Molybdenum-93 D, see ggno 4E+3 'Ses3 26-6 .. BE-9 5E-5 SE-4
. B ¥, see (2E+4 2642 i BE-8 26-10 - -
a2 Molybdenun-33 D, see OMo 2643 3643 1E-6 -9 .- -
: T o LY waly o ST .
. a0 (1E+3) - - - - 26-5 . 2E-4
' -¥, ‘see Mo 1643 1642 6E-7 w9 - - -
a2 Holybderum-1012 D e Fo aE+4  1E+S 6E-5  26-7 -4
: . - : St. uall : .
o (5E+4) - - .- 7E-4 7E-3
. .Y, see TTHO 1E+5 6E-5 2E-7 - .
< 2 . ;
43 Technetius~93n' D, an co-pounds exccpt . ..
. - those gwen for W 7E+4 - 2645 6E-5 ZE-7_ 1E-3 1;—2
W, oxides, hydroxides, B ) : L .
- halidas, and nitrates - “3E+5 . 1E-4 4E-7. - -
43 Technetium-93 D, ses 93'1'1:‘ ' 3644 . TEH -5 . 1E°7 4E-4 4E-3
_ -\, see 3yc - e . 25 1E-7 - -
‘43 Technetium-94s® 0, see 93'1’: JEed - 4Ee4 " 2E-5 6E-8 3E-4 3-3
. - . W, see c. - . GE*4 26-5 . 8E-8 - -
a Technetiua-94 O, see 93'n: 9E+3 264 8E-6 © | JE-B  1E-4  1E-3
. . ¥, see - | 2E+4 16 - 3E-8 - -
43 Technetivm-95a D, see 3‘1: 4E+3 SE+3 26-6 8E-9 5E-5 SE-4
: S .Ml see 93¢ - 243 BE-T . 3E-9 - -
43.  Technetius-95 D, see 23%7c 1644 244 BE-6°  JE-B - 1E-4 16-3
: T W) see T3y - 2k - 8E-6 3E-8 - -
43 Technetium-96a7 D, see JoTc 2E+5 L 3ES T4 - 4E-7 2€-3 26-2
) . H, see 7Ic - 2645 1E-4 E-7 - -
43" Technetive-95. D, see aiolc 2643 IE+3 1£-6 SE-9°-.  3E-5 3-8
’ © W, sea (3 - 2E+3" ‘9E-7 3E-9 - -
43 Technetiue-97a D, ses 3% 5E+3 7E43 3E-6 - E-5 6E-4
R . St. wal'l . -8
: - (TE+3) = 1E-8 - -
W, see P3¢ - 1643 SE-7 k-9 -

ODCM Rev. 25
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B-14

3E-9

. Tabie' 1 Table 2 * Table 3
Occupational Values - Effluent Releases to
’ : Concentrat‘ion's - Sewers
Col. 1 Col.” Col. Col. 1 Col. 2
Oral. | . Monthiy
: . - Ingestion . Inhalation Average
Atomic .Radionuclide *  Class AL ALl Al Air  Water  Concentration
No. . (uci) (uti) (RCi/m1) (pCi/m1) (uCi/m1)  (pCi/md)
) Technetiun-97 D, see J3v1c a8 SE+4 2E-5 7E-8 5E~4 SE~3
. W, see ¢ - BE+3 2%-6 8E-9 . -, -
4y Technetium-98 . D, see ggi’ﬁc T1E43 T . 2643 7€-7 26~9 1€-5 1€-4
- M, see MMc - " 3E+2 -7 4E-20 - -
a3 Technetiun-99n . 0; see e BE+A 2645 6E-5 2E°7.  1E-3 1€-2
: W, .see 2*7Tc - 2645 1E-4 3E-7 - e
43 Technetiun-98 0, see P0rc 4E+3 SE+3 - 266 - . 6E-5"  6E-4
St. wall ’
. - (BE+3) - 8-S - -
. W, see Iy - 7842 3E-7 9E-10. - -
43 Technetium-1012 " - D, see P3¢ 9E+4 3E+5 1E-4 . SE-7 - -
) . . st, \;an : : :
’ {1E+5 - - - 2E-3 2E-2
; W, see P - | AE+S 26-4 5E-7 - -
43 Technetium-1042 B, see e 2644 7E+4 -5 16-7 - -
. . : © sk, ';an . - g s
. ; . (3E+8 - - - a-4 - ag-
, W, see 330p -z 9E+4 a5, 1E-7 - -
44 Ruthenium—,gllz D, all conﬁn;xnd's except = Lo ) I
- - those given for W and ¥ 2E+4 4E+3 2E-5 -6E-8 2E-4 2€-3
W, halides - 6E+d ., -5 9E-8 - .-
- Y, oxides and hydroxides - 6E+4 2E~5 8E-8 -
a Ruthenius-97 D, see Mau BE*3 ' .ZE+d ¢ . BE-6 3E-8 1E-4
R W; see 94Ru - 1E+4 ' SE~6 2E-8 - -
Y, see PRy - 1E+4, 5E~6 26-8 - -
4 Ritheniwr-103 D, see gaRu ' 2643 2643 TE7 T 2. 3§ - 3E-4
. S ¥, see JaRu - 1E+3 4£-7 -9 . - -
Y, see 7 Riz-- - - 6E+2 3E-7- . 9E-10 - -
48 - Ruthenium-105 D, see Saku 5843 . . 1E+4 6E-6 - 2E-8 7€-5 TE-4
o W, see iRy - . 1644 6E-6 2E-8 - -
Y, see "Ry - 1E+4 SE-6 . 2E-8 - -
44 Ruthenium-106 D, see #pu 2E+2 9E+1 . 4E-B - 1E-10° - -
s . . LLI wall : .
9 (2€+2) -, - - E-6 3E-5
W, see g.Ru - SE+1 2£-8 BE-11 - -
) Y, see TRy - 1Es1 SE-9. - . 2E-11 - = -
45 Rhodiun-99n D, all compounds excapt ’ . . ;-
. those given for W and Y 2E+4 GEHA 2£-5 ‘8E-8 2E-4 2E-3
W, hatides ' - BE+d 3E-5 1E-7 - -
Y, oxides and hydroxides - - 7844 3E-5 - SE-B - - -
e Rhodiun-99 D, see gaokh (2643 3E+3 16-6 4E-9 3E-5 3E-4
o W, see 98 Rh - 2E+3 SE-7 3E-9. & -
Y, o - 2E+3 - 8E-7 . - -

ODCM Rev. 25
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

¥ T Table-ls - Table 2- Table 3
Occupational Values .Effluent Releases ‘to
) N T Concentrations ~ ' ‘Sewers
Col. 1 cot. 2 €ol. 3 Col. 1 Col. B
-Oral : o : Monthly
S Ingestion Inhalation : . Average
Atomic Radionuclide - Class i AL € CAir Hater Concentration
No. . (uei) (C1)  (Ci/m)’ (uCi/m1)  (uCi/ml) (uCi/m)
45 . Rhodium-100 0. see"gg::h , e 543 s T 26-5  2E-a
o . seg h : n - 4E+3 - - - - -
Y, see I9%n - €43 2E-6 - SE-9 - -
45 " Rhodium-101m D, see gg:Rh 6E+3 16+4 ‘55-2 isg .. BE-5 BE-4
: W, see Rh - . BE+3 4E- ~ - -
Y. see Y%Rn - ‘BE+3 ¥-6 8 - -
45" Rhodiwer10l - D, see anRh 2643 5£+2 ' zg-; ;E-’;o‘ 3E-5 7 3E-4
- . see Rh - BE+2 3E- - 1E~9° - -
. ¥, see I5man - 2E+2 66-8 ©  26-10- - -
45 . . fhodiuwn-l0dm D, see YMn - 1E+3 SE+2 267 TEl0 - -
.o LLT waly o
(1E+3) - - skl 2-5 2e-4
. W, sea 3y - ag+2 26-7  SE-10. - - -
o © ¥, see F3pn - 1642 SE-8 . . - 2E~10. - .
45 . Rhodium-102 D, see gomgh BE+2 9E+1 4E-8, 15}-}0 " 8E-6  BE-S
: W, see 2% - .z 7E-8 210 - - -
' Y, see 39 - BE+1 ‘26-8--  BE-11 - s
45 Rhodius-103a° D, see 33%n 4pss 16 - SE-4 ggg 6E-3 - BE-2
AP s W, see Rh - 1E+6 - ~6 - - -
. Y. see 90y - ©1E+6 SE-4 26 - -
} 45 . Rhodium-105 D, see “Mpn ap+3 1E+4 SE-6 0 2E-B - -
e . LT wall o ;
: - (4E+3) - e s 5£-5 BE-4
W, see gomRh - 6E+3 3E-6.  9E-9, - . - :
Y. see "PRn B R 8E-8 - -
a5 Rhodium-106a D, see 22%h BE+3 '2?: T1E8 ;52;_ 1£-4 16-3
W, se= Rh - . + - -aE~ At - "
Y, see IMn - 4B 1B5S 568 . - -
45 Rhodium-1072 D, see 99%n 4 25 . 164 €7 - -
: - st. wall - S -
: oo (9E+4) - - R 12 16-2
- W, sae 33gH - 3E+5° 16-4. . 4E-7 ity -
) Y, see PRy - 3E+5 1E-4 3E-7 - -
4 ° Palladium-100 D, a1l compounds except . . » :
R - R those given for W and Y 1E+3 1E+3 6E-7 _Z_E-S. 2E-5 2E-4
W, nitrates - 1643 5E-7 %69 - -
Y, oxides and hydroxides - 1643 8E-7 2E-9 - -
“a6  Palladim-101 o; see_-}’ggpg IE4 3?:. s sew 26 26-3
R . . 508 Pd - 3E+ - . 5E- - -
‘ Y. see 100 . 34 -5 468 - -
46 Palladimr103 D, see 00y D eEA3 - 6Ee3 -6 99 - -
: S ' LLI wall .
o 100 (7E+3). - - - 1E-4  1E-3
W, see 10079 - 4E+3 2E-6. 6E-9 | - -
Y, see- “Pd - _ 4E+3 ' _~1E-5 SE-9 - -
4  Palladium-107 D, see 100pg 3Ees | ZEed 96 - - -
LLI wall Kidneys : .
" 1004 (4E+a) (2E+4) - 3-8 . SE-4 5E-3
. W, see 10079 - JE+3 3E-6 - 1E-8 - - B
’ T pd 26-7  6E-10 T - -

¥, see

- 8€+2

ODCM Rev. 25
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App.B .

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION . App.B.
) Table 1 Table 2 " Table ¥
-Occupaticnal Values . Effluent _Releases to
S . . Concentrations Sewers
. Col.1  Col.2 © cCol.3 Col.1. Col.2 ... .. -
_ orai : ) : Monthly, ¢
. - N Ingestion Inhalation . Average !
Atomic Radionuclide Class ALl - AL DAC. Air - Water Concentration
No. » (uei) MUCE)  GCi/m) (Ci/ml)  (pCi/ml) (uCi/m))
46 -Palladiun-103 ' Db, see Joobd . 2Ee¥ 6E+3 3E-6 T 9E-9 35, 3E-4
T C. W, see IODPd - 5£+3 © 2E-6 . BE-9 - -
Y, see 100pq - "BE3 - 26 6E-9 . - -
& Sj;iver-ll_lzz B, all compounds except . 4 o
S those given for W and ¥ S5E+4 2E+5 8E-5 ‘2€~7 -
N . St. wall - co
(6E+4) - - - 9E~4
W, nitfates and sulfides = 2645 ‘9E-5 3E-7 -
Y, oxides and hydroiidés. - 2645 BE-5  <3E-7 -
87 Silver-103° D, see 102ag " 4k ©1E+5 4E-5 . 167 sg-4
. - W, see 10278 - 1E+5 SE-5- 26-7" - :
. Y, see " CAgt T - . 1E+S . . 5E-S (27 -
477 silier-10a® 0, see 102 3£+ 9E+4 45 L 1E7 . AE-a :
S W - 1E+5 5E-5 2847 - ,
Y - 1645 5E-5 . 267 -
") Silvér1042 8,7 C2Ees c . 7E+4 -5 . 167, . 364 .
s W, - C1E45 6E-5  2E-F . -
R Y.'s N - 1845 6E-5 . 267 -
a7 silver-105 D, 3Ea 1643 47 -, 168 . 4E-5
' 4 W, . - . 2E63 7E-7 269 ..
YL - 2E+3 767 0 269 S
Y] Silver-106m ... D, BE+2 TER2 37 -9 16§ i
: ¥ - 9E+2 - -7 . .1E49 .
. Y - SE+2 -7 1E-9 -
47 Usilver-106° D, § SEva 265 BE=S k71 -
o e st. wall | .
T o (6E) - - = g
W, ’see 102 - 2645 9E-5 3E-7 -
Y, see’ “T“Ag - 2E+5 8E-5' 3E-7 - .
42 Sileer-108a . D, see 102ng BE2 282 BE-8 .. 3-10 9E-6
A W, see 1929 - 3642 16-7 410 . - -
) Y, see “UAg - 2E+1 1€-8 C3E-11 -
47 - Silver-110n D.'_see,‘iggl\g ‘5E+2 . 1E42 SE-8°  26-10  6E-§
o, se’e_-mZAg - ‘2E+2 . BE-8 3E-10 -
; T Y, see TTAg - 9E+1: -4E-8 1£<10 - -
Iy Silver-111 D, ses 1025, C9Ee2 . 2E43 6E-7 - -
' . LLI wall | Liver : .
102 (1E+3) {(2E+3) - ‘26-9 - 265 . .
W, see mzA‘g. Co- 9E+2 4E~7 1E<8 -
. ‘Y, see TAg - gE+2 - 4E-7 1E-9 - -
- 41, Silver~112 0, see 102 3643 8E+3 3E-5 16-B.  4Es5
’ . W, see inAg - 1E+4 4E-6 1E-8 - -
Y. sea.102pg - 3E+3 “8E~6 1€-8 -
B-16 ODCM Rev. 25
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. Abp. B

- PART 20  STANDARDS FOR PROTECTION AGAINST RADIATION
I ) N - Table 1 N Table 2 Table 3
Occupational Values Effluent Releases to
. Concentrations Sewers
€ol. 1 . Col. 2 €ol. 3 Col. 1 Col. 2 . .
QOral | . Monthly .
e . ! Ingestion _ . Inhalatien - Average
Atonic Radionuclide Class ALl L DAC ‘Air Water . Concentratjon
Na. . : (pEi) (uti) (uCi/m) (uCi/m1) (uCi/ml) (uCi/al)
47 | Silver-1s? 0, see 102 g4 344 - 4€-5 167 - -
. : St. wall . I .
102 (3E+4) - ~ - 4E-4 4E-3
W, see 35549 = 9E+4 4E-S 1E-7 - -
Y, see “"“Ag - 8E+4 3E-5 1E-7 - -
.48 Cadm_iun-loaz ‘D, all1 compounds except B ) . .
C l ' those given for W and Y 2E+4 TE+4 - 3E-5 - 9E-8 3E-4 - 3E-3
¥, sulfides, halides, i ) )
and nitrates - 1E+S - SE-5 26-7 - -~
Y, oxides and hydroxides - T 1E+S SE-5° . 2B-7 - -
.48 . Cadmium-107 D, see 10dcd 248 SE+4 ] BE-B 364 36-3
. , see jq.Cd - GE+4 2€-5 . BE-8 - -
Y, see *V'Cd - SE+4 2E-5 768 - -
48 Cadmium-109 D, see 10%cq - 3Ee2 4pe1 1E-8 - - -
© Kidneys Kidneys . . .
108 (3E+2)" (5€+1) = 7E-11°  6E-6 6E-5 .
W, see “Wra R 1E+2 SE-8 - - - ’
. Kidneys .
. 104 - {1E+2) - . - 210 - -
Y, see Cd - 1642 5t-8 2E-10 - -
8 Cadmium-1138 D, see Wcq 241 2640 16-9 - - -
- Kidneys - Kidneys y
: : (8E+1) (RE+0) - .5E-12  SE~7 SE-6
W, ses Wy - . meso, 4E-9 - : :
- ’ ‘ . - Kidneys . -
: - (1E+1) - %-11 . -~ -
¥, see 104 - 1, 5E-9 %1 - -
48 Cadmion-113 D, see 10ca - 2643, 2660 9%E-10 - - -
o - . Kidneys Kidneys :
' - - (3E+1) - (3E+D) = 5g-12 4E-7 4E-6
- W, see 0%y - 8E+D -9 - - -
Kidneys . .
- . - (1E+1) - -1 - -
: Y, sea 1%%¢cq - 1641 6E-9 110 - -
43 | Cadmium-115a D, see 0%y 3E+2 SE+1 2¢-8 - 4E-6 4E-5
. : ) Kidneys
N - (8E+1) - 1e-10 - -
W, see 103cq - 5E-8 2-10 - -
, Y, sea 10%cq - 1E+2 6E-8° 2610 - -
48 - Cadmiue-115 D, ses 1%%cq 9E+2 1643 6E-7 2-9 - -
) E il wall .
: (1E+3) =< - o= 1E-5 1E-4
W, see 10%cq . 1E+3 5E-7 2E-9 - -
1, ses %% - 1643 6E-7 2-9 - -
5 - 104 -5 - -5 6E-4
48 Cadmium-117m . D, sem 3..0d 5£+3 1E+8 5E-6 2e-8 GE h
8 e W cee 104y ST e %-6  2%-8 - -
: Y. cee 0%cq - 1644 6E-6 2E-8 - -

B-17
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
table 1 - ‘“Table 2 Table 3
Occupational Valuas | "Effluent "" Releases. to
. Concentrations ) Seuers
_Col. 1 fal. 2 Cel. 3 Col. 1T Col. 2 ~ = .
Oral Co Monthly .
Ingestion Inhalation - Average
Atonic Radionuclide Class ALT LT _UDACT - AiF Water - Concentration
Ho. (i) . 1C1)  (uCi/mi) (pCi/mi).  (uCiZm) (uCi/m))
48 - cadmiun-117 D, see joaCd 5E43 " 1Ees 566 26-B  BE-S BE~4
“¥, see 10%ca N 2E+4 7E-6 26-8 - -
. ¥, see 1044 - 1+ BE-6 2E-8 - -
49 Indiun-109 B, all compounds except - : s
. those -given for W 2644 ag+s -5 . 6E-8  3E-4  .3E~3
¥, oxides, hydroxides, o :
. halides, and nitrates - 6E+4 3E-5 9e-8 ~ -
43 Indium-1107 D, see 1091 2644 4E+4 2€-5 6E-8 264, 26-3
~ (69.1 min) W, see In, - 6E+4 2E~5 8E-8 - . -
49 Indium-110 D, see 10%In SE+3 2644 7E-6 2%-8 7E-5  7E-4
- (8.9 h} W, see In - 2644 8E-6 3E-8 - . -
29 Indiun-111 0, see' 13%In 4E+3 SE43 . 3E-6 9E-9 6E-5 5E-4
W, see 0%y - 6E+3 - 3E-6 9E-9 . -
Indiun-1122 - 0 0, see 1091 245 - BESS” 34 9E-7 26-3 26-2
. W) see 1991y - TES 3E-4 166 - -
49 Indivm113n? 0, see 10310 SE+4 1645 BE-5 %7 . 7E-4 7E-3
- . W, see 1991, - 2E+5 8E-5 -7 - -
49 Indius-11%a D, ses 109, 3E+2 6E+1 ¥E-8 -1l - -
. . LLI wall , - ‘
109 (4Es2) . - - - - 5E-6 5E-5
W, see 1091, - 1642 aE-8 w10 -, -
45 Indiun-115m D, see 121a RETYE aE+4 2E-5 6E-8°  26-4 26-3
' W, see 109y - SEvd 2%-5. 7E-8 - - -
a5 . Indive-115 ‘0, see 10°91n 4E41 140 6E-10 . 26-12  SE-7 SE-6
. _ W, see 1091, - 5E+0 €9 8L - -
49 Indiumrllen’ - D, see 11n 244 gE+4 © 35T 167 3E-4 3E-3
. FEE W, see “"In - 1E+5 _ 5E-§ 28-7 - -
Indiua-1176° D, see 1090 1E+4 348 1€-5 5E-8 2-4 2€-3
, W, see 1091, - aces 26-5 6E-8 - -
3 Indim-17? D, ses 1001 BE+4 26+5 7E-5 - 26-7  BE-4  BES3
. . W, see. " In - - 2E+5 9E-5 3&-7 - -
‘a8 Indiun-119a% 0, see 199y, 4B+ 1645 5E-5 2-7 - -
L st. wall . : ) .
: 109 (5E+4) - - - 7E-4 JE-3
W, see 1091, - 1545 .- . 6E-5 2-7 - -
50 . Tin-110 p, all cunpouﬁds except
o those: given for. ¥ 4E+3 1e+4 5E~6 2E-8 SE-§ - SE-4
¥, su'lh'de-s, oxides, ’ g
hydroxides, hatides,
nitrates, and stannic P '
phosphate - 1644 5E~6 %8 . - -
.50 Tin-1132 0, see 1106, 7E+4 2E+45 9€-5 3E-7 16-3 1E-2
- 1E-4 E-7 - -

W, see 7S
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App:- B

pp PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Table 1 Table 2 Table 3
Occupaticnal .Values Effluent . Releases to
. : Concentrations . Sewers
Col. 1 ° cCol.2  col. ol. 1 Col. 2
* Dral - . Monthly
. . Ingestion Inhalation - . Average
Atomic Radionuciide Class " ALl ALT AC -~ .Air . VWater Concentration
Ho. (uCi) . (nci) (uci/al)  (uCi/m1)  (pCi/m1) ~(uCi/mi).
50 Tin-113 0, see H0n 2643 1€+3 SE-7  2E-9 - -
. LLI wall
110 (26+3) - - - 3E-5 3E-4
) w, see 105, - SE+2 26-7 . BE-10 - -
50 Tin-117a D, see 105q 2643, 1643, SE-7 - - -
) : LLI wall Bone surf .
(2E+3) (2E+3) - 3E-9 35 - 3E-4
110 :
W, see = Sn - © 1E+3 BE-T 2E~9 - -
50 Tin-llgm D, see 110, g3 2E+3 1E-6 3E-9 - -
: e LLT wall
10 (9E+3) . = s . BE-E 6E-4.
o w, see 1%, - 1643 4E-7 1€-9 - -
80 Tin-12In D, see 1105, 3643 9E+2 3 iE-9 - -
N S . LLT wall ) ) )
110 (4E+3) - - - 5E-5 SE-4
W, see ©§n - - SE+2 2€-7 8E-10 - -
50 Tin-121 . D, see 110, " 643 2644 6E-6  ZE-8. - -
. : . LLI wall - - -
i10 (6£+3) - - . ..<+  BE-§ 8E-4
W, see 10 - 1E+4 SE-6 %8 = - -
S 50 Tin-1238% " D. see 110sn SE+4 145 - 5E-§ 2E-7 7E-4 763
© - W, see Sn - - 1E45 6E-5 -2E-7 - Ce -
©- ’ s .. 110¢ . :
@ 50 Tin-123 D, see “-"Sn SE+2 6E+2 . 3E-7 9E-10 - -
L : LLl \;au Lo B
@ - . - (6E+2). - - - 9E-6 9-5
i , see 1105, - 2E+2 7E-8 %10 - b
. 50 Tin-125 , see 05y AEs2 | 9E+2 4E-7 16-9 - -
: ’ LLI wall - o - '
1o - (5E+2) - - - 6E-6 6E-5
¥, see Sn - . 4E+2 1€-7 . SE-10 - . -
S0 Tin-126 D, see 110sp 3E+2 6E+1 . 2E-8 BE-11 46 4E-5
) I ¥, see Sn - TE+1 3E-8 SE-11 - -
50, Tin127 0, see 5o 7643 26+4 8E-6 3E-8 9E-5 9E-4
) o W, see 1105, - 2E+4 . BE-6 3-8 - -
.50 Tin-1282 D, see 110sh. 943 3E44 1€-5 -8 1E-4 16-3
. W, see 10sp - £+’ -5 5E-8 - -
53 A_ntinony-llSz’ D, 211 compounds except . B :
) ) those given for W BE+4 2E+5 1E-4 3BT IE-3 1E-2
W, oxides, hydroxides, ' R
halides, sulfides, . . .
) R su]fate;. and nitrates - 3E+5 1E-4 4E-7 - -
51 Antisony-116s7 D, see H3sp © O 2pes 7E44 3t-5 1E-7 34 363
¥, ‘sea Sh - 1E+§ 6E-5 2E-7 - -
51 Antimony-1162 - 0, see 13y 7644 3E45 1844 - 4E-7 - P
. . < St. wall = - .
(SE+4) - - - 1E-3 18-2
115
W, see 135y - 3E45 . 1E-4 se7. - -
517 Antirony-117 D, see 113sh 7E+4 L 2E+5 9E-5 37 9E-4 9€-3
. H, see Sb - 3E+5 1€-4 4E-7 - -
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"APP-BppRT 20 STANDARDS FOR PROTECTION AGAINST RADIATION
' Table 1 - Tablé 2 Table 3
Occupational Values Effluent Releases to
. - . X Concentrations ‘Sewers
gol. 1 Col. 2 Col. 3 Col. 1  .Col. 2 .
Oral . . v Honthly
A (R : Ingestion Inhalation Average
Atomic Radionuclide Class ALY ’ - AL - DA . Air Water Concentration
Mo. ' (uCi)- GCi)  (uCi/my) (uCi/m1)  (Ci/ml)  (uCifml)
51 'antivony-118n - D,'see ]1ash 5E+3 2644 BE-6" 3-8 TE-5 . TE-4
W, see 113 SE+3 2E+4 . 9E-6 3-8 - -
51 Antimony-119 D, see 12sh 2E+a SE+4: 26-5 6E-8 2E-4 26-3
S W, see 1155y 2E+4 - 3E+4 1E-5 4E-B - -
s1 . antimony-i202 D, see sy 165 - AEss © 26-4 BE-7 - -
(15 min) o 5t wall . : T
o 115, (2E+5) - L 2E-2
v, see M5gp = - 5E+5 26-4 7E-7 - -
51 Antimoriy-120 D, see .ﬁgsx: 1E+3 " 243 9E-7 3-3 165 1E-4
L (56 ) - W, ses-Higp 9E+2 - 1E+3 SE-7. 269 . - -
51 Antimony-122 D, 'see 11%sh BE2 . 2643 -6 39 ., - . -
4 < o LL} wanl T Lo
115 (BE+2) - S - - 165 - - 1E-4
_ W, see M5 7€+2 1643 47 2€-9 -
51 antimony-12407 D, see 113sh 3Ev5 - T 8EeS aE-4 166 33 3E-2
S ‘ W, see 1155p ZE+5 1 BE4S 26-4 8E-7 - -
51 Antiony=124 D, see 115 6E+2 oE+2 47 1E-9°  TE-6  JE-5.°
. : W, see ~"7sh SE+2 2E+2 . 1e-7 3E-10 - -
‘51 Antimeny-125 0, see. 13sp 243 < 263 “1E-§ | : 3E-9  3E-§ 3E-4
B W, see 119sp - SE+e2 267 JE-10. - bl
51 . Antimory-126m® D, see M5y _SEs4 . 2645 8E-5 - 3E-7 - -
o o st. wall - . L .
s (7e+4) . - - co 9E-4 9E-3 .
. o, see Sh - 2E+5 8E-5 3E-7 . - . .
51" -7 Antimony-126 D/ see H3sp 6E+2 1643 - 56-7 2€-9 €6 7E-5
: M W, see 1Sgp BEe2 5E+2. - %-7-  TE-10 - -
S1.  Antimony-127 ‘D, see 1155 ‘BEe2 2643 9E-7 -9 - -
: A : o LT wall’ ‘ :
115 (8E+2) - - - * 1E=5 1E-4
o W; ses Mg 72 9E+2 4E-7 -9 - el
.51 . Antimony-1282 D, see % BEL " aEes 2-4 " . | SE-7 - .
- (10.4 min) . T St. wall . N
115, (1€+5) - == 13 12
_ W, see 1335p - 8E+5 26-4"  BE-7 - e
S1 Astimony-128 D, see 1135 1E43 AEs3.. . 2E-6 . 6E-9 265 2E-4
E (9.010) * W, see 11555 - - 3E+3 E-6 5€-9 - -
51 Antimomy-120 - D, see 113sp 3E43 9E+3 AE-6 1E-8 45 - 4E-4
- W) see S5 - 9E+3 4E-6- 1E-8 - -
51 Antimony-1302 D, see'll3sh 264 6E+4 -5 9E-8 361 36-3
) N W, see-*7Sh -~ BE+4~ 3E-5 1E=7 = -
51 Antimony-1312 D, see MSgp 1644 - ‘2E+8. 15 - - - -
- X - Thyroid Thyroid . ) -
‘usg, (2EM) - (4ER) . - 6E-8 264 2E-3
v W, see Sb - 2E+4 1E-§ - -
Thyroid ‘ .
- (4£+8) - - 6E-8 - -
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o PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION-
Table 1 . Table 2 . Table 3
. Occupational Values ~ Effldent Releases to
. o ) Loncentrations Seuersv
) ol tol. 2 6l 3 col. 1 col. 2 .
Oral . LT . : Monthly:
s ) Ingestion Inhalation Average K
Atomic Radionuclide Class - ALl . ALl Al Air . Water  Concentration
No. o - : (1Ci) (uCi)  (uCism1) (Ci/ml)  (WCi/m1). (pCi/ml)
52 Telliriwn-116  U,.all compounds except - - - . . . .
s S those given for W BE+3 2E+4 9E-6 3t-8 1e-4 1E-3
N; oxides, hydroxides, E ’ -
L. and nitrates - 3E+4 - 1E-5 4E-8 - -
52 - Telluriw-12Im 0, see 1167e SE+2 " 2642, 8E-8 - - ..
. . Bone surf Bone surf B
116 (7E+2) (4E+2) - 56-10  1E-5 1E-4
. W, see " Te. - 4E+2 2E-7 6E-10- - -
52 . Telluriuw-i2l - D, see 1ore 3£+3 . 4E+3 2E+6 6E-9  4E-5 at-4
. . - W, see Te to- 3E+3 1E-6 aE-9 - -
52 . Teliuriws-123m D, see. 167e . Esz 26+ 9B - - -
L ’ . . Bone surf Bone surf: o - ’
16 (1E+3) (5E+2) - “8E-10. | 1E-5 16-4
~ .Y, see Te -~ SE+2 2E-7 BE-10 ~ -
S, 52 Telluriuwe-123 'D,.see 11f7e. © 542 242 | BE-8 - N -
© : : . Bone surf Bone surf . S o
0. 116 (1E+3) -~ (5E+2) - - 7€-10 2E-5 2E-4
:';' . W, see “7Te - 4E+2 2E-7. - - -
ey - . Bone surf
. ‘ - (1Es3) -~ - 2-9. - -
52° - TéMluriw-125n D, sée 11870 1643 . aE+2 26-7 - s
. . o * ‘Bone-surf _ Bone surf : :
116 {1E+3) - C(1E+3) . - 1E-9 2E-5
W, see Te - -7E42 - . 3E-T 1E-9 -
52 - Telurfw-127h _ D, see ifre sz e A6 - %S ‘
. - : : . Bone sSury )
’ . - (4E+2) - - 6E-10 - -
- W, see 1167¢ - 3ge2 a7 40 - -
. T e 16 N ) ; g 3
o 52 Tellurium-127 D, see ;7:Te TE+3 2E+4 9E-6 3E-8 1E-4 1E
s ¥; see M67e - 2644 7€-6 2E-8 - -
e Telteriim-126 116 ." - - 7%-6  TE-S
52 . Telurium-12%s D, se= Te SE+2. 6E+2 3E-7 9E~10
ST W, ses 1167¢ - - 2E42 1E-7 3E-10 - -
. uri-1292 ' D. sas M6re P 3 3g- -8 AE-§ 463
- 52 - Tetlurion-129 D, see e 3E+4 .. 6E+4 3E-5 9E:
) T M) see Mre T TEes 5 - 1E7 - -
52 Teilurité-1318 D, see e AEe2 - 4Es2 T S . .
s Thyroid Thyroid v )
' © (6E+2) (1€43) - - 26-9 8E-6 8E-5
¥, see 116Te . B 4E+2 - 2E-7 - - =
Thyroid - :
: L - T~
52 Telluriw131? 0, see 1167e ' Fea s 26 - - -
. : = “Thyroi yroi : -
B (6E+3) (1E+4) - 2E-8 B8E-5 8t-4
W, see bre - SE4T %6 - - -
. . Thyroid .
- (1E+4) - 2€-8 - -
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PART 20" STANDARDS FOR PROTECTION AGAINSTRADIATION .

App.B |

(61) .

B-22

Table 1 . Table 2 " Table '3
Dccupational Values ® . Effiuent Releases to
-l Concefitrations Sewars
Cal: 1 . Lol. 2 £a). 3 €ols 1 - Lol 2, -
Oral T o ’ Monthly
- Ingestion ' _ Inhalation Average - _,
Atomic Radionuclide Class AL - R - .DAC Air "Water  Concentration
No. . . (uCi}) (©Ci) - (uCi/ml) (uCi/m1). (pCi/ml) (iCi/m1)
52 Telluriue-132 .- D, see “167e 2642 2E42° 9E-8 - - -
X . Thyreid - Thyroid - B
16 (TE+2) (8E+2) R 9-6 9€-5
W, see Te - . 2E+2 . 9E-8° - - -
Thyroigd co .
‘ - (6E+2) . - 9E-10 - -
52 Tellurium-133n° 0, see 1167e 3péa 5E+3 %6 - - -
: Thyroid .. Thyroid L .
1 (6E+3) (1E+4) - U -8 9E-5 9E-4
W, see " Te ' - " 5E+3 . 26 - : - -
- .Thyraid . .
. - (1£+4) - 2e-8 - -
52 Tellurium133? 0, see 21670 1644 2644 9€-6 - - -
i © . Thyroid Thyroid . . o
1. . (3E%4) - (BE+4) - . 'BE-8 4E-4 4E-3
‘W, see "1°Te e 2E+4 9E-6 .- - -
. * Thyroid ’
_ - (5E+8) - - 8E-8 - .-
“52 Tellurium-1342°  p, ‘ses 1167e 244 . - 2648 1E-5 - - -
: Thyroid - Thyroid - -
116 (28+4). | (5E%8) . . - 7€-8 3E-4 3E-3
W, see Te =~ T 2E+4 1€-5 - . - . -
L g Thyroid. . :
_ - (5E44) - - 7E-8 - - .
53 16dine-120n° D, alt compounds 1648 - T 2E+4 9E-6 3-8 - -
’ R o ' Thyroid
L e - - - %-4 23
53 Todine-1202 D, al1 compounds “4E+3 "gEs3’ -6 - - -
. L Thyroid Thyroid - : "
) (8E+3) (1E+4) - 2E-8 1E-4 1E-3
53- Todifie-121 D, all compounds 1E+4 2e+4 8t-6 -, -. -
: : . : . Thyroid  Thyroid . s - _
(3E+4) _ (5E+4) - TE-8. 4E-4 4E-3
. 53 Iodine-123 0, all compounds T3E+43 - . 6E+43 3E-6 - - -
' Thyroid Thyroid ) .
. . . . . (1E+8) - (2£+44) - 2E-8 1E-4 1€-3
53 lodine-124 " 0, al1-compounds SE¢1 BE+1 36-8 - - -
T - . . Thyroid Thyroid = s
e . . (2E+2) ©  (3E42) - 4E-10 2€-6 “2E-§
53 Iodine=12% - D, all compounds 4E+1" 6E+1 3&-8 b - -
i : . Thyroid . Thyroid. - .
: , (1Ev2) - (2642) - JE-10.° 26-6 265
53 lodine-126 - D, all compounds’ T 2E+1- AE+1 1E-8 P - -
- o Thyroid Thyroid - )
_ , , . (7E+1) (1€+2) - 2610 - 1E-6 1E-5
53 Iodine-128% D, al1 compounds 4E%4 1S . SE5 . 27 - -
. . . St. .widll” . - -
. (EE+a) -~ - - 8E-4 ‘BE-3
53 Jodine-129 . b, all compounds SE+0 9E+D 4E-9 - - -
E - - Thyroid Thyroid - .
(3E+1)° - 4E~11 T 2E-7 2E-6
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APP-B pART 20. STANDARDS FOR PROTECTION AGAINST RADIATION App-B|
Table 1 . s Table 2 Table 3
Occupational Values Effluent Reléases to
) c . Concentrations Sewers
Col. 1 Col. 2° ° Col. 3 Cal. 1 - Lol 2 .
Oral - . ’ Monthly
- . Ingestion Inhaiation Average,
Atomic Radionuclide Class : ALl - TAL -D Air Water Concentration
No. S : © e L ei)  Ci/el) - (CH/e1)  (Ci/mY)” (uCi/m1)
53 Todine=130 B, all compounds age2 7Es2 -7 - - -
. - - Thyroid . Thyroid N
: (1E+3) . . (2£43) - 3E-9 25 26-4
53 lodine=131 | D, all compounds 3841 5641 %8 - - -
’ Thyroid Thyroid . . .
(9E+1) (26+2) - - 107 16-6 16-5
53. IUQine-HZnZ D, all compounds 4E+3 55*3 &6 - . - -
L - ’ Thyroid Thyroid . . Lo
. (1E+4) (2E+4) . - - 3E-8 16-4 1€6-3
53 [odine-132 D, a1V compounds C e 7 gEed 3E-6 - Co- -
S . . : . Thyroid - Thyroid. R )
. B (9E+3) (1E+4) . - - 2-8 C 1E-4 1£-3
53 °  Iodine~133 D, a1} compounds 1E+2. - 3E+2 1E-7 - - -
. Thyroid = Thyroid :
. (5E¢2) . (9E+2).- - 1E-9 76-6 7E-5 .
53 ludine*ndz, o, all compounds 2E¢d T S5F+4 26-5 6E-8" N ’ - -
oL L Thyroid . - -
. (3E+4) - - .- 4E-4 ° 4E-3
§3  Iodine-135 - D, all compounds  ©  BEs2 2643 7 - - -
. o ' Thyroid  : Thyroid . .
o , (3£43) (4E+3) - - $E-9 3E-5 -4
54 .. Xenon-120% . Submersion? . S - 16-5 48 . - - -
54 Henon-122%-. . ‘Submersionl - - 2E-6 1E-8 - -
54 Xenon-122 Subaersion! ) - - %5 37 - -
54 . Kenon-123 Submersion? - - - 6E-6 . 3E-8 - -
58 . femon-125 Submersion? S - %5 . 788 .- -
54 Xenon-127 Submersion? - - ¥-5 68 - . -
"~ 54 _Xenon-129a ) Submersion! .- 26-4 © 9E-7 I -
54, Jenon-131m  Subeersionl’ - - - 4E-4 ° 266 - -
54 . Xenon-133m . Submersion} . - -4 67 - . -
54 Nenon~133 ] Supnersinnl . ' - - IE-3 SE-7 - -
54 Kenon-135e° Submersionl ' - T %-6  4E-8 - -
54 Xenon-135 ' 7 Sul:mev-s;iun1 S - - - 1E-5 ) 78 - o~ -
54 xenon-138% Submersion! - - A6 268~ -
55 Cesiun-1252 D, ali compounds SEed . 164§ BE-5 26-7 - -
. - " . St. wall L . .
) (9£+4) - - - 1E-3 1E-2
55 Cesium127 D, all compounds - GE+4 98 - 4E-5 17 94 9E-3
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PART20 STANDARDS FOR PROTECTION AGAINST RADIATION:- -

Table 2

_Table 1 Table 3
Occupational Values Effluent Releases to
. _ Concentrations Sewars
Col. 1 Col. 2 €ol. 3 Col.'1 Col. 2
Oral. ’ . Monthly
. . Ingestion Inhalation Average |
Atomic Radionuclide Class CALL ALT DAC Air Water-  Concentration
No. i) (wei) (uCi/m1) (pCi/ml)  (uCi/m1) (uCi/m))
55-  Cesium-129° D, 211 compounds 2644 3E+4 -5 SE-8°.  3E-4 IE-3
55 .Césium-130 D, 2l campounds sEvd- 2645 BE-5 3E-7 - -
: St. wall L
) (1E+5). - - - 16-3 1£-2
55 Cesium13i D, ali compounds 2648 "3 -5 A8 34 3E-3
55 Cesiun-132 D, al]icompounds 3E+3 4E+3 2E~6 . 6E-9 -4E-5 4E-4
55 Cesium-134m D, -all compounds 1€+5 1E+5 S5E-5 %-7 . - -
- ) - St wall . - .
N (1E+5) - - - . 2E-3 -26-2
55 Cesium-134 D, all compounds TE+1 1E+2 4E-8 2E-10 9E-7 SE-6
55 esivwr135? D, all compounds 1645 2645 gE-s 37 1E-3 -2
55 Cesiw-235 D, all compounds ) 1643 SE-7  26-9 1E-5  1E-4
55 Cestim-136 0, all compounds CaEv2 TEe2 3¥-7. GE-10 66 6E5
’ 55' Cesium-137 0, ait camounﬁs 1E+2 2E+2. 6E-8 2EF10 1E-6 - 15
55 Cesium-138° D, all. compounds 2648 . GEwd 26-5  8E-8 - .-
. - : st wall .- .
) (3E+4) - - - 4E-4 - 4E-3
5  Bariwn-126 D, all compounds 6E+3 2644 GE°6 268 . 8E-5  BE-d-
5§ Barium-128 B, all ‘compounds 5E+2 L2643 7E-7 -9 - 766 7E-5 "
56 Bariun-131n° 0, all compounds 4E+5 1E+6 . 6E-4’ 2E-6 - -
- Co : _8t. wall - : i
(5E+5) - - - 7E-3 762
‘56 Barium-131 D, al1 compounds - 33 8E+3 ¥-6 . 1E-B°  4E-5 46-4
56 - Barium1338 D, 311 compounds 2643 9E+3 4~ - . 168 - -
; : . : LLI wall - ’ ) -

_ (3E+3) - < - 4E-5 4E-4
56 Bariun~133 D, all compounds 2643, 7Ee2 C3-7 9E-10 265 264
56 Sarjus-135p D, all compounds 3E+3 -1E+4 5€-6 tZE-B 4E-5 ‘4E-4
56 Batiun-1392 0, all compounds 1E+4 3B+ 1E-5° aE-8 26-4 2E-3
56 Barium-140 D, a1l compounds 5E+2 143 - 6E~7 2E-9 - T

o ‘LLI wall. . - . DT
_ (6E+2) - - - 8E-6 8E-5
56 Barive-1417 D, all compounds e e -5 1T -4 363
56. Barium-1422 B, all compounds SEeq . 1E+5 6E-5 2E-7 7E-4 783
- 57 Lanthanum-1312 D, all, ceapounds except - : o :
those given .for W SE+4 1E+5 56-5 2E-7 6E-4 6E-3
7E-5 26-7 - -

. W, oxides and hydroxides

B-24
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App: B'

App-B PART 20 - STANDARDS FOR PROTECTION AGAINST RADIATION |
- Tablel - Table 2 Table 3
Occupational Value Effiuent Releases to
. Concentrations Sewers
Col. 1 = Col. 2 Col. 3 .Col. 1-: Col. 2
Oral c . - Monthly
R Ingestion Inhaiation Average
Atomic Radionuclide . Class ALT ALT DAC Air  Water _Concentraticn
No, : , (uCi) wei) . (uCi/mt)  (uCi/ml) . (pCi/eY)  (u€i/ml) B
57 Lanthanum-132 0, see 12ia 343 164 © 48 -8 4E-5  8E-4
. : _ W, see La - 1E+4 SE-6 2E-8 - -
57- lanthanum=235 O, see 1315 k04 1645 4E-5 1E-7 56-4 " SE=3
W, see La - SE+4 4E-5 1E-7 - -
57 Lanthanum-137.© B, see 3lLa 1E+4 BE+1 3E-8 - 26-4 26-3
Liver . : .
11 - (7E+1) - 1 - -
W, see La o= 3Ee2 - 1E-7 . -~ - -
. - Liver -
A - (3Ev2) - 4E-10 - - -
©57  Lsnthanum-138 D, see 17l 9E+2 E+0 B9 5E-12 1S 16-4
_ : W, see 13pa - 1l eE9 2B - -
S7. 0 Lanthahume140 0, see 134a | 6Ee2 W43 . 6E-7 2-9 -6 9E-5
o W, see BMa - 1E+43 SE-7 - 26-9 - -
57 Lanthanue-181 D, see }3lia- 4E+3; 943 AE-6  1E-B.  SE-S 5E-4
) 'H. see. La - . 1E+4 BE-6 2€E-8 - -
57’ Lanthanum-1422 - D, sée. 1Pa 8E+3 2644 SE-6 3E-8 1E-4 16-3
: . Wy see 13(a - C3ev4 -5  SE-B. - >
57 lanthanum-1432 D, see 1ia €0 1645 a5 17 - . -
: : ) . st wall A S
i (4E+4) - - - 56-4 SE-3
4 : W, see Blia - 9Ev4 . .. GE-5  1E-T. - -
58 Cerium-134 . W, "all ‘compounds except . X - . Lt .
. ’ ="- ’'those given for ¥ -+ S5E42 . TE+2 3E-7 -9 - - -
. e © Ulwall : _ g
: - (6Ee2) - - e - 8E-6 BE-5
. Y, oxides, hydroxides, . - o ’
) and fluorides - - 7E+2 3E-7 9E-10 - -
" 58 - Cerium-135 W, see 134ce 243 AE#3 26-6 ° S5E-5 265 -4
. . Y, sea " Ce - - 4E+3 1E-6 ‘5€-9 - -
58 Ceriva-137m W, ses 13%e - 2643 D aEe- 2%-6 SE-9 < -
' “ELI wald S
: 138 (2£+3) - - - “3E-5 3E-4
. Y, see “"Ce = 4E+3 2E-6 SE-9. - -
58 Corium~137 W, see 1hce SE+4 1645 6E-5 26-7  7E-4 76-3
o © Y, see. "7 7Ce - 1E+5 SE~5 - 2E~7 - -
58 - Cerium-139 W, ‘see 14ce 5E+3 8E+2 C3ET 1649 TE-5 TE-8
. : Y. cee 13%¢a - TE+2 ¥7 - 0 - -
‘58 Cerivm-141 - W, see 13%ce 2843, TE*2- . 367 1€-9 - -
. : LLI wall - _ . . )
138 (26+3) - - - 3E-5 3E-4
Y, sea Ce - 652 2€-7 8E-10 - - -
-58 Corium-143 W, see 13%ce L 1Ee3 2643 BE-7 3E-9 - T
A LLI wall . . S .
134 (1€+3) - - - 26-5 2€-3
e - 2 76-7 26-9 - -

Y, see
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'PART20 STANDARDS FOR PROTECTION AGAINST RADIATION:

Table 1 Table 2

Table 3-

Occupational Values Effiuvent Releases to
- o . Concentrations Sewers
Col. 1 Col. 3 Col. 3 Col.1 Col.2z -
Oral . Monthily
’ . . Ingestion Inhalation Average
Atomic Radionuclide . Class ALl . AL DAC Air. - Water Concentration
No. (uCi) (WC1)  (uCifal) (WCi/ml)  (uCi/ml) (uCi/ml)
58 Ceriun~144 W, see 13e 2E+2 3641 © 1E-8 s-11 - -
. Ll wall T N
134 (3E+2) - - - 3E-6 3E-5,
v, see 13%¢ce b 1641 6E-9 26-11- -~ - =
59 Praseodyniium-nsz W, al) compounds except T T
. those given for Y SE+4 2E+5 | 1E-4 3E-7 - - -
- . St. wall
. (TE+4) - - - 1E-3 -2 .
Y, oxides, hydroxides, : . . '
) carbides, and fluorides - 2E+5 9E-5 3e-7 - -
59 Praseodymiun-137% W, see 130pr 4E+ * 2645 - 665 2E-7 5E-4 )
’ T Y, see Pr - 1E+5 6E-5 2E-7 - -
59 Praseodyniun-136m W, see 1icpr 1E¢4 5E+4 26-5  -8E-4 -4 1E-3
- 0 " Y, see Pr - 4E+s 2E-5 SE-8 - =
59 Praseodymiun-139 W, see 1icPr 4E+4 1E+5 S€-5 26-7 §E-4.  BE-3
- ¥, see Pp - -1E+5 SE-5 | 2E-2 - - .
59 Praseodymiun-142nW, see. 1epr BE+4 245 - TE-5 26-7 1873 1£-2
S Ty see 1%y - 1645 _6E<5 -7 - -
59~ Praseodynium-142 W, see eer 1643 2E43 . . SE-7 3E~9 . (165 1E-4
¥, see 130pp - 243 C BE-T  3E-9 - =
59 Praseodymium-143 W, see 13%pp sE+2. | BEeZ - k-7 1E:9 . -
. : o LLI wall . ' . . .
1%  (1€+3) - - - 2E-5 26-4
Y, see PT - - TE+2 3E-7 3E-10 - - -
58 Praseodymiuer-1442 W, see 16pr 3E+4 1€+5 " E-5 %7 - - -
’ ’ h . st. wall .
136 (4E+8) = - - - 6E-A  BE-3
) Y, see “7UPr - 1E+5, 5€-5 2E-7 - -
59 Prasecdymiun-145" W, ses 13fpr ' 3E+3 9E+3 4E-6 -8 T4E-S N
Y, see TTPr - BE+3 3E-6 1E-8' - -
59 “Praseodymius-1472 W, see 136pp 5E44° 2E+5 . BE-5  3E-7 - - -
. ’ .5t wall- . . -
136, - (BE+2) - - - 1£-3 1E-2
) Y, see Pr - 2645 8E-5 3e-7 - -
60 Neodylhim-lssz - W, all cnmpqunds' except - .
those: given for Y 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3
Y, oxides, hydroxides, ) . L ’
. .carbides, and fluorides - - . SE+4 - 28-5 BE-8° - -
60 Neodymiim-138 - W, see lioNd’ 2£+3 §E+3 3t-6 9E-9  3E-5 34
. T Y, see MNg = BE+3 2%-6-  7E-9 -0 -
60 Heodymiun-139n W, Sed Tachd - SE+3 264 76-6 26-8 7E-5  TE-4
Y, see 130y - 1E+4 6E-5 2E-8 - -
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PART 20.-STANDARDS FOR PROTECTION AGAINST RADIATION App. B
“Table 1 Table:2 Table 3
Occupational Values .- Effluent " Releases to
-, Concentrations Sewers
€ol. 1~ Col. 2- €ol.3 Col.l Col.2 . - .
ovai : : S Honthly
. X Ingestion Inhalation . Average
Atomic Radionuclide Class LI - AL DAC Air MWater Concentration
¥o. o , . (uei) (GCiY  (uCi/m1) (uCi/m) - (uCi/mt) (uCi/nl).
60 Neodymiun-139” W, see J3cNa 9E+4 3645 -8 5E-7 1€-3 Q-2
, Y, see 23fng - 345 - 1E-4 aE<7 -0 L
60 Neodymiun-141 W, see 13wy 2645 7645 -4 -6 263 -2
. : Y, see Nd - 6E+5 - ° . 3E-4 9E-7 - . -
60 Neodymiun-187 W, see 230Ng 1643 9E+2 87 #-9 - <
: i o : LLI wall : o : : : R
136 (1E3) - - - 2E-5 2E-4
. ¥, ‘see 136ng - Y ) 447 IE-9 - -
60 Neodymium1492 W, see 13Ny 1644 3E+4 IE-5 4B~ 164 1E-3.
o Y, see 13ng - 2E+4 1E-5 3E-8 - -
60 Meodymius-151° - W, see lichd 7E44 26+5 BE-S  3E-7 94" 9E-3
) Y, see Nd - 2E+5 | BE-5 3E-7 - -
61 Promethium-1412° W, all compounds except
' those given for Y SE+4 . 2E+5 BE-5 3E-7 - -
St. wall . :
. L (GE+4) - - - - BE-4 8E-3 .
- Y, oxides, hydroxides, . . .
carbides, and fluorides - 2E+5 7E-5 2E-7 - -
61 Promethium-143 W, 'see J3lem 5ET 6E+2 2E-7 . BE-10 . TE-5 76-4
oy Y. see Mlpy - TE+2. 3€-7. E-§ - -
61 Promethius-144 - W, ses 1ilpa 1643 1E+2 SE-8 26-10. ° 265 26-4
. Y. ses Ylpy - 1642 SE-8 -0 - S
61 Promethius-145 = W, see 14lpy 1E+4 2+2 . 768 - 164 1€-3
- R Bone surf o
141 - (2E+2) - . 3E-10 - <
Y, see Pm o .. 2E+2 8E-8 3E-10 - -
61 Pronethius-146 W, see 1 Pm -28+43 -5E+1 %-8 7E-11  26-5 | 26-4
X . Y, see. " Pm - 4E+1 - 2E-8 - 6E-11° - - -
61:  Promethiun-147 W, see lpg SE+3 - 1Ee2 “5E-8 - . - - -
. : tLI wall Bone surf N .
UL (5E+3) (2E+2) - -0 7E-S 7E-4
. ¥, see Mlpy - 1E+2 6E-6 %10 - -
61 Prodethius-148n * W, see L4lom 7E+2 3E42 1€-7 310 1E-5 © 1E-4
o - Y, see “Pm - 342 1E-7 SE-10 - -
61 Pronsthiua-148 W, see 1tlpy 4642 5E+2 26-7. - 8E-10
S ' - AL wall S :
181, - (582 : pee? 7 :
Y, see Pin - . 5E+2 2e-7 . ° TE-10 -
61, Promethim-149 W, see 4lpm ClEe3 . 2683 g7 L 3-9. = -
- LLI wall . : .
™ (1E+3) - = - 2% 2E-3
o Y, see #1lpg 2643 BE-7 2E-9 - -
61 Promethiur-150 W, see 1oiPm 5E+3 2644 BE-6 -8 TE-5  .TE-8
e Y. see 1¥lpy - 2E+4 7E-6 %8 - -
61 Promethium-151 W, see Lpy %43 a3 . 16-6 ©  “5E=9-  “ZE-5 26-4
: © .Y, see Pm T o 3E+3 . 1E-6 4E-9 - -
B-27 ODCM Rev. 25
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APP-B - oART20 STANDARDS FOR PROTECTION AGAINST RADIATION App-B
. Table 1 . :Table 2 Table 3
Occupational Values . Effluent Releases to
- - Concentrations Sewers
tol. 1 Col. 2 o). 3 Col.1 Col.2
Oral . i Honthiy
: : ’ Ingestion Irhalation : Average
Atomic Radionuclide - Class ) AL AL A Air “Water  Cloncentratian
No. ‘ : _ (L) i) (WCi/m) (uC3/m1)  (WCi/mb) (WCi/mb)
62 Ssmariue-1410° N, a1l compounds - 3E+4 1645 8E-5  1E-7 C AE-4 4E-).
62 Samariun-1412 W, all compounds SE+4 26+5 © BE-S 2E-7 N T
: st, wall :
_ . (6E¥4) - -~ - - BE-4 .  BE-3
s  Samariun1422 W, all compounds BE+3 4. 165 468 164 1§93
52 Saiuar{um-lﬂ_s W, all compounds = - .55;3 . gE*Z ) 2E-7 7E-10 - BE~5 . BE-4
82, - Samarius-146 . W, a)) compoimds 1251 8E-2 - 1’1 - < -
' ’ : Bone surf Bone surfy ’ ' :
, (3E+1) (6E-2)- - 9E-14 367 3E-6
62 - Samarium~147 W, all compounds T Em gE-2 €21 - - -
b ’ ) . Bone surf -Bone surf .
(1) (7€) - 1613 . 8E-7 466
62 . Samarium151 W, ail cnmpc;unds J:E‘*-" 1E+2  © 4-8 - - .- .
: S . . LLI wa)l  'Bone surf L .
) ' . (LE+a)  (26%2) - 2€-10 2E-4 . 2E-3
62 Samarfun153 W, all compounds © = 2643 I 16 4E-9 - -
. R LT wall, : ) -
‘ o (2Ee3) - s - 3E-5 3E-4
.62 - Samariue-1552 W, all compounds . i+ 2645 .9E-5 €7 - -
N o St. wall L. ’
e ABEw) - - - - 13 1E-2
62 Samariw-156 W, all Compounds T sy o a6 . -8 TEs 764
63 Europivm-145 W, all compounds ’ 2643 2643 BE-T €-9 O 2E-5 2E-4
63 Europium-146 W, all compounds - 143 1643 © BE-7 26-9 1E-5. 168
“ 63 Europiun-147 W, all coppounds D33 zee CTET T 269 GE-5 AE-4
63 - Europius8 W, all compoinds 1643 aEs2 -7 . SE-1D 15 164
63 ‘Europium-149 ' W, all compounds . AE+4 3E+3 -6 . 45-9'. 2E-4 2E-3
63 - Europium-150 W, all compounds T 3Ee3 8E+3 46 16-8 . 4E-5 - AE-4
. -(12.62 h) 4 . . } o
63 Europium-150 W, al) compounds - BE*2 . 241 " BE-9 31 165 164
L (zy) . o
61 Europiva-152m | W, all compounds . 33 EE+3 3-6 . 9E-9 4E-5 ° 4E-4
- 63 Europium-152 W, all compounds ~ BEs2 - 241 1£-8 -1 1e-5° . 1e-4
63 Europium-154 W, 1) compounds CUseez | 2Em 8E-9  3§-11  .7E-6 7E-5
63 Europius-155 - . W, all compounds’ ©aEs3- C 9E%)  AE-B - 5E-5 pran
i ’ . . . Bone surf. - | ’ o
. - - . ey - k-0 - Co-
63 Eurépiun-156 . - W; ‘all compounds 6€+2. | 5E+2 26-7 6E-10.  BE-6 . - 8E-5
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~ PART20  STANDARDS FOR PROTECTION AGAINST RADIATION

(5.0 h)

B-29

T Tablel .. Table 2 Tavle 3
Occupational Values .. Effluent Releases to
’ . Cancent.yations Sewers - -
Col. 1 col. 2 tol. 3 Col.-1° Col..2
Oral Monthly
e - - Ingestion Inhalation . . Average
Atomic Radionuclide Class ALl . K “Air Water . Concentration
Mo, ' , {uCi) (uC3)  (Ci/R1) (uCi/m)  (uCi/ml) (pCi/ml)
63 . Europium-157 "W, all ‘compounds 2E+3 5€43 2E-6 .75-9 3E-5 3e-4 ‘
53 Europiun-1582 ¥, 811 compounds 2648 - 6E+4 2-5 BE-8 - 3E-4 3E-3 )
" 64 Gadolinium-1452° D] all compounds except : - )
T those given for. W SE+4 | 2E+5 - 6E-5 28-7 - -
St wall, : . :
: . (SE+4) - - - - 5E-4 6E-3
. W, oxides, hydroxides, . oL - .
. o and- fluorides  ° S 2E+5 7E-5 -7 . - -
64 Gadolinium-146 0, see 1436 1643 1E+2. Se-8 26-10 265 . 26-4"
- ) . W, see “7°Gd - 3E+2 -7 4E-10 .
64 Gadolinium-147 . 0, see W56a: 26437 4E+3 2%-6 6E-9. 3EsS5 364
R W, see “7Gd" - 4E+3 1E-6 - SE=9 - - .
64.  Gadolinium-148 - D, see 145Gq 1641 8E-3 12 - -. <
o o . Bone surf-- Bone surf . .. .
e (2E+1)- (26-2) - - 26-14 3E-7 -6 -
W, see Gd - 3E-2. . 1E-11 T - - i - #
: : Bone surf . . .
) g - 6E-2) SO 155 T S - . !
64 Gadoliniuw-143 O, see 1a%d " 3E+3 2E+3 9E-7 3E-9 4£-5 4E-4
. L W, see “TVGd - 2643 1E-6 " 3E-9 - -~ .
.64 Gadoliniu-151 D, see 145ca BES3 4E+2 27~ . 965  9E-4 -
. . c o . Bone surf . e .
T - (6Es2) © .74 . 9g-10 - -
i ) W, see YGd - . 1E+3 -SE-7. | 2E-9- - -
..64 Gadoliniwe-152 D, see 1%5gq 2E+1 U 1E-2 €12 - - K
T . P 4(§gn;)s'urf ‘Bone surf. L
T 34 IELY o (2B-2) - 3€-14 467 8-5
W, ses M56q - “TaE2 Caen L - el
Bone surf
- (8E-2) - I 13k -
64 Gadolinive-153 . D, see M55 5E+3’ “1E+2 66-8 - T6ES.  gp-a
o . : (-ggne)-surf . . .
S - I(ZEs2) . - 1 -0 - -
A _ oMy sed 13cq 6E+2 . . 2E-7 BE-10 - -
64 Gadoiinium-159. 0, see 1436q - 3E+3 843 . 36 1E8 AE-5. 4E-4.
: W see TGd - 6E33 . 26-6 8e-9 | - -~
) Terbiw-1472 . ‘W, am compounds . 9E+3 IEE . 1E-5 SE-8 164 - 1E-3
©65 .. Terbim-149 ¥, all compounds 5E+3 . TEd2 37 . WS - FE-5 T s
65 - Terbiun-150 W, .all compounds . SE+3 248 SE<B 8. FES Te-4
65 - . Terbiime151 - W, all compounds 4E43 _9E+3 466 I8 . SE-5  SE-4
65 .. Terbiwrl53. W, all compounds SE#d . .. TE+3 366 U-8 75 -4 -
65 Terbiun154 W, al) cofipounds, . 2643 ) 26 GE-9 . 26-5 2g-4 -
65 - Terbiua-155 W, all compounds BEe] “8E+3 36 - 168 8E-5 . BE-4
65 . Terbiun-156m W, all compounds 2644 3Eed 1€-5.  4E-8 26-4 26-3
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App. B

Tabte 1 Table 2 Table 3
Occupational.Values- . . Effluent Releases to
e T e Concentrations Sewers
Col. 1 Col. " col. Col. 1 Col.
Oral ’ . - Monthly
: . Ingestion Inhalation Average .
. Atomic Radionuclide Class ALI ALI- A Air Water Concentration
‘No. - ’ (uci) (uCi) (uCizm1) (pCi/m)  (uCi/ml) (uCi/mi) .
65 Terbiw-156m W, all compounds " 7643 BE+3 ¥-6 -8 164 163
(24.4 1) : : ) : -
65 Terbium-156 W, all compounds " e 1E43 6E-7.  26-9 1E-5 1E-4
8  Terbium-157 W, a1l compounds SE4 ez T 167 - - -
: LL1 wall ° Bone surf ’ :
(5E+4) (6E+2) -~ - 8E-10 TE-4 7E-3
65" X Terbi0m7158A W, all compounds 1E+3 2E+1 8E-9 3E-11 -2E-5 2€-4
65 .  Terbium160 W, all compounds 8E+2 2642 9E-8 3610 1E-5° 1E-4
85 Terbium-161 ‘W, all compounds 2643 2E43 . TE-T- 2E-9 - -
: LL wall o .
(26+3)° -~ - - - - 3E-5 34
66 Oysprosium-155 ) W, all compounds 9E+3 3E+4 .15-5, 4E-8 1E-4 1£-3
65 Dysprosium~157 W, all compounds’ " 2E+4 " 6E+4 3E-5 9E-8 3t-4 3E-3
66 . Dysprésium~159 W, a1l compounds - 1E+4 2643 1€-6 3E-9. - 26-4 2-3
65 ' Dysprdsiumjlsé_ W, all ccmpound§ 1E+4 GE+8 - 2E~5 .6E-8 2E-4 - 28-3
66 : DySPFBﬁ_i@rlSS ¥, all compounds 6E+2 FE+2 i ' 3E-~7 1£-9 - -
’ LLI wall : :
. ) - - - 1£-5 “1E-4
67 Holmiun-1552 - W, all compounds A+ 2E45 BE~5 2E-7 6E-4 6E-3
&7 Holmiun-1572 ¥, all. compounds © 345 1646 6E-4 266 -3 ig-2
67 . Holmium-159% ¥, all compounds 245 1646 | 4E-4 1E-6 3g-3 -2
J67 Wowimclel W, all conpounds 1645 4E+5 -4 . -7 -3 G2
67  Holaiwl62n2 W, all.compounds SE+4, 365 JIE-4 de7 -4 TE-3
) Holmiwe-1622 W, all compounds SE+5 . . 2E+ 16-3 3E-6 - -
. B ’ . St. wall i ’ . X
) ; (BE+S)’ - - - T1g-2 1€-1
67 »Hol'miun'-lsen.z' ¥, all comwpounds T 1E+5 - 3E+5 1E-4 4E-7 -3 1E-2
67 . Holmium1642 W, all compounds 2645 6E45 3E-4 gE-7 - -
e i - _ St. wall . . ’
(2645) - - - 383, 382 . .
67  Holmim=166m W, a1l compounds " eE+2 . 7E40 3E-9 SE-12 | 9E-6 9E-5
87 Holeium-166 , a1l compounds 9E+2- 2E+3 7e-7 269 - -
: LLI wall : . .
] (9E+2) - - - - 1E-5 1E-4
67 Holmiwn-167 "W, 311 compounds 2644 GE+4 ‘265 8E-8  2E-4 26-3
68 Erbium-161 H, 411 cospounds 2648 6E+4 3E-5 9-8  26-4 26-3
68 Erbiun-165 . ¥, all compounds- 6E+4 2645 - 8E-5 36-7 9e-4 9€-3
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APP-B - pART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 - - Table2 ©  Table 3
Occupational Values Effluent Releases to
L : Concentrations Sewers
Lol’l - Col. 2 €o).'3  Eol. 1° Col. 2 .
Oral - ) . - : - Monthly"

., . - . Ingestion i lnhalahun . Average )
Atomic Radionuclide Class ALI - . AL Air Water Concentration
No. . (pCi) (pCi) (uCl/m'l) (uCi/ml)  (pCi/m1) (pCi/m1)
68 Erbium-169 W, all compounds T 3Ee3 IE+3 ‘1E-6  _ 4E-9 . - -

S LLY wall - )

*(4E+3) O - Co- S5E-5  5E-4
68 Erbium-171 W, 21] ‘compounds | 4E+3 1E+4 4E-6  “1E-B SE-5, 58-4
68 . Erbium-172 ¥, a1 compourds 1E+3- 1643 6E-7 26-9 - Co-

Lo LLT wall . ..

(QE+3) - - S0 =t 2E-5 -4
69 Thulive-1622° . W, all compounds  JE+a - T3S 164 a7 - -
S . st. wall : . .

(7€+4) - - - 1E-3 1E-2
&9 'ThuHm-.lSG ¥, a1l compounds ' 4E+3 1E+44 . SE'-S.A 2E-8° - BE-5 6E-4
69 Thulium-167 W, all compounds 2E+3 2643 8E-7 - 3%E-9 . - -

. S LLI wall : . -

(2E43) - - - 3E-5 3E-4
63 Thulium-170 W, all compourds BE+2 “2E42 9E-8 3E-10 - -
) - . L] walt
) (1E+3) - - - .= . 1ES 1£-4
69 Thulium=-171 W, all compounds 1E+ . 3Ee2 1€-7 . - - . ' -
: T .- LLY wall Bone surf . .
o " (1E+8) (6E+2) - 8E-10 . 2E-4 2¢-3
69 “Thulium=172, W,'all compounds JE*2 1643 SE-7 2E-9 - -
- . L - LLI wall -
L e R (8F+2) . - .- - - . . 1E-5- 1E-4
69 . . Thulium173 W, all compounds.. ) 4E+3 1E+4 5E-6 2E-8° - ) 6E-S . 6E-4
- Thulium~1752  W,.all cospounds - 7E+4 5. A4 4E-7 - -
- N st. -wal) :
_ .  (9E+A) - - . D11 12
70 Yiterbiwe-1622 . W, all compounds except . . P ‘ : .
those given for Y 7E+4 3E+5. . 1E-4 4E-7 1E-3 1E-2 ,
'Y, oxides, . hydruxvdes. ’ . i R o
and fluorides - 3E+5 7 1E-8 aE-7 - -
70 Yiterhiuwe-166 W, see 162vp v 1643 2643 . BE~7 k-9 . 25 2E-4
162
R Y, see 182pp . - 2E+43 8€-7 3t-9 - -
70 Ytterbive-1672. W, see }gg\rb’ ST s BEYS “3E-4 1€-6 -~ 4E-1.  4E-2
i Y, see “°°Yb .- TE+5 - 3E-4 1E-6 - -
70 Ytterbius-169 . W, see iggm L 263 BE+2 .8E=7  1E-9.  2E-§ 2E-4
’ Y, see Yb TE+2 3E-7 1€-9 -~ -
70 Yiterblul7s W, see W2y I3 - 4E3 | 166 . 5E9 .- -
: . ’ LLI wa‘ll . - v . -
162, . . (3e+3) | - e - 4E-5 ~ -4E-4
) Y, see “TYh - . T O3E43 - 1E-6 . 5E-9 - LR
70 Yiterbiuw772 W, see. }ggm 264 SE+d 265 76-8 -4 - 2E-3
S ¥, see %y - SE«d | 2E-5 6E-8 .- . -
70 . veterbium178% W, see 162y, . 1E+4 - 4E+A 26-5 - 6E-8 2E-4 2623
. - Y, see Yb - - 4E+4 2E-5 5E-8 - -
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B-32

Table 1 Table 3.
Occupationdl Values Effluent Releases to
’ ) Concentrations Sewers
col. 1 Col. 2 Col. 3 Col. 1 Col.z .. .
. fral : Monthly
. -Ingestion Inhalation . ‘Average
Atomic Radionuclide -Llass ALl AL ~ DA _ Air  Water Cencentration
Mo, (pC3) (C3) - (uCifal) (uCi/e1). (eCi/ml) (uCi/m))
71 Lutetiun-169 v, att compbunds except ’ EER .
. - those given for Y 3E+3 4E+3 2E-§ 6E-9 3E-5 3E-4 -
¥, oxides, hydroxides, ’ ' ’ E
and fluorides - 4E+3 _ZE-S' 6E-9 - -
STl - lutetim-170 W, see Jogtu 1643 2643 9E-7 3E-9 265 2E-4
) . . Y, see Lu - 2E+3 _‘ 8E-7. 3E-9 - -
L tutetium1Tl - W, see 150, 2643 2643 gE-7 3E-9 IE-5 3E-4
- : Y, see tu - - . 2643 8E-7 3E-9 - -
71 Lutetiue-172 W, see 1ootu’ 1643 | 143 5-7 " 2E-9 -5 1E-4
‘ ] .Y, see 189y - 1E+3 5E-7 - 26-9 - -
71T lutetiua-173- W, see 1891y 5643 32 1E7 - e TE-8
V ' Bone surf ) : .
- 168 - . (56+2) - 6E-10- - ° -
) Y, see Ly - 342 1E-7 4E-10 - .-
71 futetium-174e W, see 159l_u . 2E+3 2E+2 1£-7 - - .-
: ’ : LI wall  Bone surf . .
168 (3E43) - (36+2) - 5g-10 4E-§ 3E~4
' , v, see 53y - 2642 9-8 310 - - -
71 Lutetiwr17a W, see 1691y 5643 W+ - 5EB - - 7E-5 7E-4
' . Tee T .Bone surf EEEEE
169, - (2642 - - k- - -
Y, see "Ly - 2E+2 6E-8 2E-10 - -
n Lutetiue-176m = W, See Jodtu 8E43 344 1.5 3-8 164 1E-3
- S Y, see. 169 - 2644 SE-6 3E-8 - -
‘71 Lotetiva-176 W, ses 1690y 7602 .- 5640, 26-9 - -5 . 1E-4
Co . Bane surf . :
N . - (1E+41)° - . 2= - -
-y, see 169, - 8E+D "3+ 1€-11 - - -
71 Lutetie177a W, see 2694 TEs2 . 1642 se-8 - 15 A
t . - .o 8one- surf . 2610 . s
: . S - (1E+2) - - 2€- - -
, Y, see 16%, - - g+l 3-8 10 - -
71 Lutebime177 W, see 2890 2643 2643 Ceg7. | 39 | - -
) LLT wall : S -
) - - (3E+3) - - - 4E-5 4E-4
v, see 159y - %43 ST ¥9 - -
71, Llutetizm-178aC . W, see 191y 5E+4 2845 - 8BS 3T - 5 - -
. o ‘st, wall .
.. (GE+4) - - - . BE-% 8E-3
, ¥, see 169y R 2645 785 267 - -
71 lutetiua-1782 W, see 2591y 4E+4 1645, 5¢-5 %7 - -
: T st. wall : :
“(3E+4) . - - - BE-8 BE-3
Y, see 189y - 1645 SE-5 . 2E-7 - -
’ 169 © o BE-g a £~ -4
i . BE+3 . 2E44 - BE-6 3E-8 9E-5 aE-4
.71 ltutet'wwrln ¥, see jcglu 6 oeee b6 - 3E-B ? z
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Table 1 . Table 2 - Table 3°
Occupational Values: -Effluent - Releases to
T ; - Concentrations Sewers
“Col. 1 Col. 2 Col. 3 . Col. 1 .Col 2 o
oral - : R - Monthly
. DR . Ingestion Inhalation . . Average .
Atemic Radionuclide Class ALY “ALT DAC Air Water Conrcentration
No.” S coeei) (u€i) | (eCi/el) (uCi/ml)  (uCi/ml)  (uCi/mi) :
- 72 Hafnium~-170 "B, alt: compounds except . . . . A
. o those given for W .34 6E+3 2E-6 BE-9 L 4E-5 . 4E-4
B ¥, ox%des-,» hydroxides, A
. carbides, and nitrates - SE+3 2E-6 .° SE-9 - -
72 Hafniue-172 D, see YO0’ " 1R+ 9E+D aE-9 - 26-5  26-4
: . T . Bone surf - |
. a0 .- (ZE+1) - O3l - -
W, see (11 L= 4E+1 - 2E-8 - - -
R Bone surf - o
) . - (6E+1) - sE-11 - -
72 Hafniug-173 D, see ggﬂf SE+3 1644 SE-6 - 2E-B ..  7E-5 7E-3
. . W, see 1704s. - 1E+4 566 “2E-B - -
) 72 Hafnium-175 D, see 170y¢ 343 - 9E42 “aE-7 - a5 4E-a
. R . P : . L. - Bone surf - S . .
) o - (1E+3) - 1E-9 - -
i~ W, see “TUH - 1E+3 -SE-T. 2E-9 - -
B ; Sl 2 " e 10 ; : ’ 3 )
© 72 Hafniue-177a’ D, see 1704 2E+4 6E+4 2E-5 BE-8 363 3E-3
8. ; © Wy ses M0yt S oE 265 1E-7 - -
e " 72 Hafniue-178m- D, sea 704 3E+2 1840 SE-10 - 3E-6 3E-5
wn - : < . . Bone. surf - . .
. . 170 < - (2E+0) - . 3E-12 - -
W, see-170y¢ - < SE+D 2-9 - - -
c ¥ .- .Bone surf e
e S R ¢ 2 R 1 - -
72 hafniweiiea D, sea YOy |3 32 W7 - 25 164 :
. - Co fﬂgbc surf - )
.13 - (6E+2) - . 8E-10 . . -
L M ses 1704e. - BE+2 3E-7 BE-10 -~ - -
72 Hafniue-160m . D, see. ggnf_ 7E4 - 2E+4 9E-6 k-8 iE-4 1E-3
o o W, ses - Hf. : - ‘3EM 1£-5 3E-8 . -
2 Hafniu-181 D, see 1704 143 202 78 - 268 264
- . . (BtEme)surf . . .
. . - 4E+2 - 610 = -
: C o, sea M0 . 4E+2 %7 | SE-10 - -
72 Mafniw-laza’ D, see 104r 4Ee4 - SEM . 85 167 ' SE-4 563
: o LR - 1E+5 ‘BE-S . 2E-7. = -
72 tafeiue-laz D, see T0y¢ 2Es2 . GET 10 - - -
o .(gEon;)surf Bnne)surf’
. : + (2E+0 - 26-12 . SE-6 5E-5
o, ses 204r - b B T B
st Bone sur? . i
_ N - (7E%0) - - -1 - -
72 Hafrfem-18% 0, see 1004 - JEed . 5Ee 2%-5 ° BE-8  3E-4 363
- W, see ~/UHf - BE4 C2%-5  BE-B . - . -
72 Hafniu-1s4 D, see 110ur 2643 .- . BE43 . 36 168 -5 . 364
W, see HE. - -, 6E+3 -6 9E-9 - -
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Table. 1 N “.Table 2  Table 3
.. Occupational Values . Effluent Releases ta :
. - . Concentrations . Sewers

©€ol. 1 . Cel, 2, Col. 3 Col. 1 Cal. 2
“Oral . S
T ‘Ingestion’ ~_ Inhalation _Average.
Atomic Radionuclide Class . : ALl [ Air Water Concentration
: S o : AuCi) i), - (pCi/m1) (WEi/m1) | (uCi/m1) (uCi7m))

Monthly

No.

n Taptalum~1722 ©T W, an cnmpo'unds except R e : . o L
. ., those given for ¥  aEs4 . 1645 - SE-5- . 2E-7  USE-4 . 5E-3
¥y elemental Ta, oxides, ’ ’ o ’
hydroxides, halides, :
carbides, nitrates, " . - . .
. . and nitrides R o TOCMEAS - T AE-S . 1E-7 7 - -
73 Tentalum173 W, see D2Ta. . - 7E43 ‘GEe4  BE-6.  3E-8 %5 - “of-a
: o Y, see Ta . - .- 2E+4 . JE-6° 2880 - -
73 - Tantalun-174? W, see. 11274 L34 - 168 4E-5  1E-7 4E-4 -3,
. - Y, see ["°Ta - - - ’ 9E+4 -4E-5 L 1E-7 - -
7 Tantalun-175 W, se6 };’;’Ta ’ N _JE-6 . 26-B - BE-5 -  BE-4
. Y, see “'<Ta - - B 130 B . 6E-6 .- - 2E-8 . . - T B
7 Tantalum176 W, see.lp2Ta ¢ 4E43 1Evd - SEc6 . - 2E-8  SE-5... .SE-4 - o
. Y, see Ta T 1E+4 . (566 . 28-8 - - & o - S .
73 . Tantalue-117 W, éeé‘};gfa © ... IEes - 2E+8 - BES6 | 36-B 264,  26-3
- Yoot Y, see TfTa C - 2E+4 - " 7E-6.. .2E-B - -
13- Tantalwe178 W, see 3210 244 . 9Ees | 45 G3Ee7 264 23
LT Y see Vi2pg - L 7Eed 0 3650 1T - o -
73 Tantalum-179 . W, see i;gra - E 2%-5  -8E-9 . -4 3E~3
e © Y, see T Ta 4E-7. | 1E-9 - - -
73 Tentalun-180e W, ses. 721, 35 9E-B 34 36-3.
o : Y, seq Ta (2E~5 . 8EB -~ o
73 Tantalis-180 0 W, see 1721 - CO2E-7 iy 6E-10  26-§ - 26-4
oo T Yisee TfTa ©O1E-8 31 - e
73 Tantaluelsze’ | W, sée Y27 24 CBE7 2 L . -
ey < LT apey 3E~2 o
. B 17-2_Ta 2E-4 - - 6E-T - -
73 Tantalus182 . W, see 17214 DB OSE10T . 1E§ T B4
. . Y, see 1727, ‘ 68 €0 - -

-7 Ze-s’ - -
cm. = T 28§ 268
4E7 . 19 <
266 - BE-9  3E-5 ' 3E-4
2E-5 7R~

(35 . 1E-F T AE-A - gE-3
‘35 oE-8- - -

€4 ;T L o .
T T BT

73 Tentalum- 185

73 Tantalyme184
73 Thqiélm;lﬁsz'_ W, ‘s.e__e ‘1
13 Tantalum-1862 - W, see 22p,

9F-5 35-7 .

o Tungsten-176 . p; all compounds . - - C SEea "'_'éé-s CO7EB . 1E-4 263
R Turigsten=177. D, all compounds - " oEeq 9ss  4E-5. 1E-7 - 3E-4 - 3E-3 - -
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App.B.

“Table 1 - Table2 Table 3
Occupational- Values . "Effluent ‘Releases to
. Concentrations - .Sewers
Col. 1 Col. 2 Col. 3 Col..1 Col.2 .
‘Oral-." -~ . - . Monthly
o ‘Ingéstion Inhalation . Average.
Atomic Radionuclid Class . - DAl © CAir Water - Concentration
cWo. . (WCi) EI) (uCi/m). (wCi/ml)  (uCi/ml) (uCi/ml).
747 Tungsten-178 D, all conpounds . . 5643 - 26+4 BE-6 3-8 . 785 7E-4
78, Tungsten-178 D, all compounds SE+5 2646 7E-4 2-6 7E-3 .7E-2
74 © Tungsten-181 D, all compounds 2E+8 3E+4 1E-5" 5E-8 ZE—{' . 26-3
74 Tungsten-185 D, all campounds 2643, - TE43 3E-6 9E-9 -
’ : . LLI wall, . . : . .
. ) {3E+3) - - - - 4E-5 4E~-4
74 :A angsienilﬂf 0, all cempounds . 2E+3 9E+3 4E-6 1E-8 . 35°5A 3E-4
“74. Tungsten-188-; D, all compounds 4E+2 13 . se7 - 29 - -
- . P ‘- LLl wall .
_ “(5E+2) - . 766 7E-5
.75 Rheniun-1772 ‘D,‘all;cuupouhds:equpt D Lo : .
’ : - ' those given for W 9E+4 3E45 . 1E-4 | 8E-7 - -
oo : St. wal) . o : )
S (1E5) . - .- “26-3 -2
. W, oxides, hydroxides .. . . 3
and nitrates ' - . 4E+5 1£-4 5E-7 - -
75 Rhenium=176% D, see 17Re 7E+ 3E+5 ST RS BN -
T - ) . . St. wall - ’ . .
C 2 - (1E45) ~ L . = 13 1E-2
- W, see 17pe - 35T TIE-4 0 AET . - S _ A
75 Rhenivm-181  ..'D, see 177ge - 5E+3 9E+3 46 E-B . TE-E 7E-4
: © Tl osen e - 9E+3 " 4E-6 1E-8 - - :
75 Rhenium-182 D, see 177Re 7643 1644 SE-6 268 OE-5-.  9F-4
D ©(12.7 h) W, see *''Re - 2E+4 - 6E-6 ZEfS .- . -
75 Rhenium-182 . D, see J17Re 1643 2643 2E-§ 3¢-9 -5  2E-4
- (6.0 Ry " W.-see Y7ge - 2E+3 9E-7 3E:9 - -
75 Rheniun-1848 D, see 1775e 2643 3643 00 1E-6 4E-9  3E-5 -4
‘W) see 77pa - 4E+2 26-7 . - 6E-10- - - o
75 Rheniua-184 0, see 17pe 2643 843 1§ 5E-9. E5 -4
. o W,-see “"'Re - 1E+3 . 6E-7 2E-9 - -
75 Rhenfum-186n 0, see Wge CIEe3 . 2643 . TE-7 - - -
o . St wall St. wal . . . -
177 (26+3) (2€+3) . - - - E-9 25 2E-4 -
: W, see 1775 - 242 6E-8- . -26-10 - - L
.75 . Rheniue-186 D, see 175 2643 3E+3 -6 4€-9 3E-5 -4
T W, sas 17ge - 2643 -7 269 - -
75~ Rhenium-187 D, see 77ge 6E+5 BE+5 . 4E-4 - 8E-3 8E-2
- st.owall . - o :
177 - (9E45) . - - = 1E-6 - - .
W; see-"''Re - 1E+5 4E-5- - - 1E-7 - -
75 Rheniua-188a° D, see 177pe’ 8E+4 145 6E-5 26-7 1E-3 1E-2
. W, see "' 'Re - -1E+5S 6E-5 -2E-7 - -
75 Rhenium-188 | ' D, see 177Re 2643 3€+3 16-6 4E-3 25 2E-4
- ' W - 3E3 1E-6 4E-9 - -

,» 5ee2 “""Re
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Table 1 . Table 2 ‘Table 3 N
Occupational Values -+ Effluent Releases to
N : . Contentrations . Sewars
Col,.i - Cot.’2- . CLol. 3 Col. 1 Col.2
Oral . - Monthly
o - Ingestion "~ _Inhalation ; - Average
Atomic Radionuclide Class : ALT - AT ~DAC. Air - Water Concentration
No. - - : (pei) (uCi).  (uEi/al)  (uCi/ml)  (uCifel) (uCi/ml) .
75 Rhenium189 D, see lpe JEs3 | USE43-. 266 TE-9 4E5 - 4E-4°
. : W, see 17ge T AE+3 266 6E-9 - .-
76 Dsmiu::leD{ . b, an caénpnunds except o . . .
. those given for W and Y C1E+5 - 4E+5 - 2E-4 5E-7 *1E-3 - 1E-2
W, halides and nitrates - . 56+ . 264 TE-7 - -
Y, oxides ard hydroxides - S5E¢5  2E-4 66-7 - -
76 Dsmium-1812 D, see 1805 1E+4  CBEss . 2E-5 - BE-B  2E-4  2-3
. : W, see jo0s . - - .- SE+§ | 265 6E-8 - -
Y. see %095 - . AEe; ‘5 GE-B 0 < -
76 . Osmiun-182 D, see 18005 2643 BEW . 2676 8E-9 3E-5 3E44
- - W, see 18005 - ’ 4E+3 - 2E-6 6E-9 - - -
Y, see Os . . - 4E+3° . 2%+ - - GE-9 - -
76 Demiua-185 D, see 18005 - - 2643 “sE+2- 26-7 7E-10 35 - 3E-4
SR : W, see 15005 : - ge+2 . 3E-7 - 1E-9. - -
. ) Y, see " 0s © - - . BE+Z 3g-7 - 1E-9 - -
76 - Ossiw-18% D, see 19005  gEes 2645 . 164 37 -3 162
. W, see 18005 - 2E45 T9f=% - 3E-7 - -
Y, see “T0s - .- 2E45 7E-5 2E-7 - .~
76 Osmiun-191a D, see 1800s - . 1Ees - 244 15 -8 - ZE-A 2E-3
W, see 15005 : e 2644 BE-5 . 3E-8 . - i
, . Y, see 18%s - - o7 264’ 766 - 26-8 - -
76 Oseiwm-191 Ds-see 1800 . 2693 2643 . 97 3E-9 - .
) : . : i . - LLI wall A -
T @y - = S 3E-5 3E-4
W, see 18005 - 2E+3 7€-7 2E-9- T - -
) .Y, see Os .- “1E+3 6E-7 . 2E-8 - . -~
76 Osmium-193 D, see 18%; 2643 SEe3 2-6 | 6E-9 - -
: . o ‘LU wall . o
180 (2E+3) - - 2-5 26-4
W, see ;5,05 - 3E43 S ] 4E-9 -. -
) Y, see 0s . - © 3E+3 . 1E-6 - AE-8 - .-
76 Dsmium-194. D; see 1800s apsz - 4B 268 6Bl - -
. . tLl wall . co . A
180 (6E+2). - - - 8E-6 8E-5
© M, see 1340 : - s 2-8 -1 - -
© Y, see "0 - BE+D 3E-9 1E-11 - -
77 . Iridiuwn-1822 D, a1l conpounds except - - . - o
. those given for W and Y 4E+4 . 1E+5 . B6E-5" 2€-7 - - .
: - St. wall . . . ’ )
o (4E+4) - = e - 6E-4 . 6E-3
W, halides, nitrates, N
and metallic iridium - R 2E+5 6E-5 - - 2E-7 L. -
o Y, oxides and hydroxidss - . 1645 " SE-5. 2E-7 - -
77 Iridiim-186 0, see 1021 © . gEed 2644 1€6~5 3-8 -4 1E-3
. ¥, see 182" . - 3E+4 1E~5 SE-B - - -
- ¥, see Bqp. C- . 3+ . 1E5 a-8 - - . -
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Table 1 - | ) _Table 2 " Table 3
Occupational Valuves . Effluent Releases to
) o c Concentrations Sewers
€ol. 1 Col.2  Col.3 Col.1. Cob.2 -
. Oral - E Monthly
- . Ingestion ' ‘Inhalation . - Average .
Atomic - Radionuclide Class . ALI L Air Water . Concentration
“No. - ) . B (uCi) . (uci) (uCi/al) - (pCi/m})  (uCi/m1) (pCi/ml)
77 Tridiu-185 D, see 152Ir SE+3 1644 e 26-8 7€-5 7E-4
o W, see Ir . - . 1E+4 SE-6 -, 2E-B - -
Y, .see 1821p - 1€+ : A= . -1E-B - -
77 Iridium-186 D, see Joofr - 243 - BE+3 ' gs-‘s”' 16-8. 3E-5 34
. . W, see Ir - : 6E+3 E-6 9E-9 - -
, ‘ Y, see 1825 A - © 6643 . 26 BE-D - -
7 Iridium-187 b, see 1821r 1644 3Ees T 1€-5  5E-B 1€-4 153
.- : W, see . ooIr - T 3E+4 1E-5 =~ 4E-8 - -
_ ' ¥, ses 1821p oo 34 15 4E-8 - -
77 Iridiuve-188 D,see 1821, . - aE3 . b3 266 69 3E-5 T 34
. AR W, see Ir, : - 4E+3 ~1E-6 -, 5E-8 - -
‘ Y, see 1821¢ 343 . 166 SE-9 | -, -
77 Iridiun-189 0, see 182yr 5Ee3 se+3 | 266 7E-9 - -
. . . s . LLI wall . -
182 (5E53) - - - 7€-5 7E-4°
W, see JgoIr - . - 4E+3 - 2E-6 SE-9 - - .-
) i - Y, sea Ir - © AE+3. - 1E-6 5£-9 - N
77 Iridiun-190n% D, see 1o2Ir ‘ 25 - 2Ee5 3 3é-; 26-3.  26-2
. s W, ‘see Ir C - ’ - 2B+ - 3E-7 - - -
Yy see ¥ - 25 BE5 3T - o=
77 Iridiur-190 D, see 1521r - 1843 - 9E42. IE-; 16-3 T1E-5 . 1E-4
W, see Ir - 1E+3 4E-7- 1E-9 - - ' -
¢ ¥ see 1821y S SEsz L. #E7 T -
7 Iridiue=192m D, see ¥ . we 91 - qg-g’ CpElo 4E-5 €4
. : ’ .U, see Ir - - 2642 L 9E-8 | 3E-10 - -
o ¥, ses 182 - - 241 69 21l - -
77 Iridion192 0, see JoaIr ) Iz T z‘g-‘m -5 IE-4
' - : W, see ja.Ir - © &E+2 2E~ <10 - e
‘ : Y. see 1%21¢ - 2642 9E-8  3E-10 - -
.77 Iridioe-194 D, see 182¢ ' "gEe2 9E+1 . 4E-8 .  1E-10  9E-6 %E-5
o W, sea 12|y . - 2E+2 7€-8 . 210 - -
_ ¥ .see 182fp L - -1Ee2 a8 10 - -
77 7 Iridiue-194 D, ses 1521 1643 kD ;gé 49 1E-S 16-4
. W, see 1821, - 243 9E-7 3. - R
- Y, see 1821 - . ZEe3 s X9 - - .
7 Iridis-195e D, see 102rr : 8E+3 | 2Ed 1§-§_ A -4 13
- W, see Ir . - 3E+4 - 1E-5°: | AE- -, o=
. Y] sen 1821 - . 2Ee4 9E-6 :-m . - -
.77 Iridiua-195 . D, see 1020 " 1Es4 - MEes T 265 T6E-E.  2E-4- 263
) - W, see jg5Ir - .~ 5E+4 - 26-5 . TE-8 - -
L Y, see “Ir - - 4E+4 2E-5 ' 6E-8 - -

‘18 Platinum-186 0, all. compounds 168 . AEs4 | 265 - SE- 2E-4 26-3
78 Platinm-188 ~ D, a1l compoiinds 243 2843 7€-7. -9 2E-§ 2E-4
78 Platimm-188 D, a)l compounds  © 1E4 3E4 165 4E-8 . 1E4 1E-3
78 Platinm-191 D, all compounds 4E+3 O CBE$d | 4E6 16-8 SE-5  SE-4
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Table 2

.58 FR 67657

Table 1 : ) Table-3
" _ Occupational Values . Effluent “Releases to
) - Concentrations Sewers
Col. 1 Cot. 2 . Cal. 3 Col. 1 -Col. 2 :
Oral . Monthly
: R Ingestion ~ Inhalation . Average
Atomic “Radionuclide Class AL C Air Water Concentration
Ho. T : (uCi) (Ci)  (uCi/ml) (WCi/ml)  (uCi/m1) (pCi/m))
78 Platinum-193m 0, all compoonds 3T, [§%) 5 B9 = =
. LLI wall o o
L (3E+4) - - - 4E-5 ag-4
.78 . Platinur133 D, all-compounds aEss 2644 -5 a8 - -
. R LLT watl S
(SE+4) - - R 6E-4 6E-3
78 Platinum-195m D, all compounds 263 3E+3 "2E-6 6E-9 - -
L1 wanl ]
) ) (2E43). - - - 3E-5 3E-4
78 . Platinu-137n D, all compounds - 2644 4E48 2-5 6E-8 2%-4 263
‘78 Platinun-197 D, all compounds 3643 1E+4 -5 1E-8 4E-5 © 4E-4
78 Platinum-1992 D, all compounds 5E+4 “1E+5 6E-5 &7 74 7€
78 Platinm-200 - 0, all cospounds H3 - 34 -6 569 25 2-4
79 Gold-193 . D, all compounds excepb‘ ' ) - - :
: B those.given for W and ¥ 9E+3 3E+4 1E-5 . 4E-8 1E-4 1€-3
W, halides and nitrates - © 2Ee4 -6~ 3-8 - -
) -Y, oxides and hydroxides’ - 2644 8E-6 “3e-a - -
78 Gold-194 - 7, see 133 363 BE¥3 . 3-6 168 - 4E-S AE-4
: W, see jg3Au ' - T .SE+3 26-6 . BE-9 - ..
. : : Y, ses 13y . s © BE43 2E-6 7%-3 . - -
79 Gold-195 0, see {”Au SE+3 - . . 1E+4 BE~6. . 2E-8 . J&-5 . 2E-4
- W, see-102Au =T 13 eEe7 . C2Ee9 . -
P Y, see' 1y -  4E+2 %7 6E-10 - -
79 .Gold-198m 0, see 10%u 1E+3 3E+3 . 1E<6- - - 4E-9 1E-5 1E-4
. ¥, see jg3Au - 1E+3, SE-7, 2E-9 L= -
Y, see 19y - €43 SE-7 - 28 - -
79 Gold-198 0, see %ggm_- 1643 (AE+3 (26-6 5E-9 2E-5. 26-4
' W, see 130Au - 2E43 BE-7. 3E-9 - -
o Y, see 133y - . 24 7E-7 . 26-9 - -
79 Gold-199 0, see 193y 3643 9E+3 4E-6 - 1E-B - -
. A . . LLI wall . . .
193 C) R : = 4B T E-a
¥, see 193A|.I‘ o= . 4E+3 2E~6 6E-9 - -~
L Y, see “"“Au - ’ 4E+3 2E-6 SE-9 - ) -
79 Gold-200m 0. see 13 163 4E+3 16-6 - SE-§  26-§ 2-4
Co ¥, see j53Au - . 3E+3 (1E-6 4E-9 - . -
i Y, see """Au - . 2E+4- 1E~6 3E-9 = *
79 Gold-200 B, see 123y 3E+4 SE+4 3E-5  C9E-B . 4E-4 4E-3
. : W, see 193Au - . 8E+4 --3E<5 1E-7 L -
: oo Y, see 1Py - . -5 1E-7 - -
D Gold-2012 B, see 193y 7EH - 2E+5 . 9E-5 .37 . - -
- St. wall i . :
193 . (9E+4) - - . - 1E-3 1E-2
¥, see 193Au - 2E+5 - 1E%4 . 3E-7 - -
Y, see Au .- . 2E+5 _9E-5° . 3E=7 - .
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. Table 1 - : - Tabhle 2- Table 3
0ccupatwnal Va]ues Effluent Releases to
. Concentrations . Sewers
Col. 1 “Col. 2 €ol:3 Col. 1  gol. 2 - ’
Oral . . . - “Monthly
. Ingestion Inha1at1un Average
Atomic Radwnuchde Class ) ALL . Air Water . Concentration
No. . (uCi) - (qu) (pCI/ml) (va/ml) (pCiZ/m1)  (pCisaml)
" 8o Mercury-193m Vapor - 8E+3 AE-6 1€-8, - -
R Organic D 4E+3 1E+4 SE-6 " 2E-B . 6E-§ - GE-4
: D, sulfates 3E+3 9E+3 4E-6 - 1E-B | -4E-S 4E~4
"W, oxides, hydroxides, . .
halides, mt.rat.es and . . EE .
.sulfides - - BE+3 3E~6 1E-8 .- -
80 Mercury-193 “Vapor - 3K+ 1£-5 4E-8 - -
. : (Organic 2644 - BE+4 3E-5 9E-8 3E-4 3E-3
D, see isa ug - 2E+a < 4544 2E-5 6E-8 26-4 26-3
W, see *9My - 4E+4 2E-5 BE-& - .. -.
80 Mercury-194 ‘Vapor'” - 3E41 i€-8 GE-11 . - -
S organic 0 3 2641 3E+1 “1E-8 4E-11 €7 26~
D, see 1330g . BE2 - . 4Eel 2%-8. . 6E=11 . 1E-§ ‘1E-8
. - M, see Mg - - 1EeZ 56-8. 26410 - - -
80 . Mércury-135m . Vapor - 4543 2€-6 69 - . =
SR Organic D 3E+3 - 6E+3 3E-6 BE-9 AE-§ T aE-4
"D, see 193'Hg . T2E¢3° . 5Ee3 26 7€~9  3E-5 3E-4
N . W, see "~ %g - 4E+3 -2E-6 5¢-9 - -
80 . Mercury-195 - vapor o - -3E+4 '1_E-g 4-8 . - - B
S Organic D 2644 5Eed 250 BE-8 264 - [2E-3
. D, see 133y, 164 - 4E+4 1E5 - BE-8 2E-4 . 2650 . - .-
X o W, see 2P g - 3Ee4 -1E-S 5€-8 . - -
‘ ) - ‘ ipor ) - 543 266 - TE-9 T - -
B0 ey i D g+ 3623 a6 18 SES | SE
1928 JE+3 - X T AESS AE-4
D, %ig. IE+3 TE+3 3E-6 1E-8 . -
v pot 193“32 - SE+3 266 7E-3 - -
80 Mercury-197 Vapor - - - BE#) T AE-E 18 -l -
80 reury-197 O,San,c Y 7643 1E+d . 6E-6 26-8 95 9ea
D,. seé 33m "6E+3 - 1E+4 S5E-6 ‘26-8 . BE-5 BE-4
W see 1238 ug _ = 7L gEes 4E-5 168 - -
‘ rcury-199a2 .- . 35 1E-7 - -
80 Mercury-19%a“ Vapor . 8E+4 3E:
: Organic D g::ﬂua” 245 - TES %7 - - -
(1E55) - - - C1€-3 - 1E-2
: D, see 1339 6E+4 1E+5 6E-5  2E-7 BE-4 ' BE-3
. W, see: 1¥3my 2E+5 T RS -
" Mercurys203.-  vapor . .. - 8Ee2 - A7 1E-9 . - -
80 reury” o,.f,a:,-c 0 SEe2 8E+2 37 1£-9 7E~5 7E-5 -
D, see. 'Hg . 2643 C1E3 ‘SE=7 - 26-9  3E-§ 3E-4.
. Wy see 53R - 1643 ST 29 - -
81'  Thallium-19m®- D, all compounds .354‘4 _— 2645 . 665 2E-7.. - -
' (7534;3 - - - © 163 7 1E-2

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

B-39

ODCM Rev. 25




58 FR 67657 ~

el

PART20 STANDARDS FOR PROTECTION AGAINST RADIATION

" Table 2

. 82

B-40

ODCM Rev. 25

. Table l . Table 3
Occupational Values Effluent Releases to
S . Concéntrations © Sewars
Col. 1 .Col. 2 Col. 3 Col. 1 - Col. e
gral . , Monthly
Lo N Ingestion . Inhalation R . . Average
Atomic Radionuclide Class, ALl- - AL - DAC Air Hater Concentration
Ho. . WC) | (i) 7 (ti/el) GCi/)  (uCi/m)  (uCi/ml)
81 . Thalliw-1942 D, a1 compounds s BESS %4 BT - -
R L st. wall - o -
, (3E+5) - - - -3 . 4E-2
8t Thallium19s2 D, all comgounds §E*4 (164§ SE-5 267 9E-8 93
Bl Thallium=197 - 0, all compounds TEed - - 1643 S5E-5  26-7 ' .1E-3 1E-2
81 - Thallium-1s8n’ - -D; all compounds - 3E+4 SE4 2%-5  BE-B  4E-4 4g-3
8l '_Thanium-1983 Dy all compounds - | 2B+ - 3E44 1E-5. - 5E-8 3E-a. 3E-3
81 Thallium~198  'D, all compounds 6EXS BE+4 4-5 IE-T7- -4 983
81 Thallilm-206 ~ D, all compounds BE+3 1644 BE-6 268 164 163
~ Thallium-201 0, il compounds 2E+4 2644 9E-6.  3E-B. . 26-4 267}
81 - Thalljum-202 D, an ::lx:lupounds . AE+3 SE+3 - 2f-6 TE"Q ' ',.SE-SVI‘ lSE;d
81 Thallium-204 .0, all compounds o743 C2Ee3 3€-7. 3E-9 %5 2E-4
82 . tead195n®  +0,-all compounds GE4A - . 2E45 0 .8f<& . 3E-7  BE-4. - 8E-3
82 Lead198 . a1l compounds Jed BB . 35 9E'8 A4 4E-3
82, Lead-199% - 0, all compounds 2w 7E, -5 16T 364 363
82 .lead~200 D; all compounds T TR 8 3667 9E-9. MBS 4E-4
82- fead-201 - D, a1l compounds . 7E+3 2644 éés - 3-8 1€-4 1E-3 .
82,  Lesd~z202m 0, all compounds SEs- 3E+ -5t 468 . 168 163
82 Lead-202 D, )} compounds © a2 - sEa 26-8° | TE-1l 266 265
Lead-203 0, all compounds: SEsd . -9Eed aE-5 18 TE5S 76~
82 - Leadn205 D, .al1 corpounds. age3, 1E+3 6E-7 . 26-9.  SE-5  SE-4.
82~ Lead-209 D, all compouinds 2 “6E+4 25 eE-8 -4 33
82 Lead-210 B, all compounds -1 26-1 110 - - =
P FE ‘Borie surf Bone surf - T
(1E+0) (4E-1) - 6E-13  1E-8 1E-7
" 82 Leqd;én? D, a1l campbunds "1E+4 - BE+2 3E-7 - 910 2E-4 -3
82 Lead~212 D, ail compounds 8+t | 3Em 1£-8 S€-11° - -
’ " : Bone surf ST .
(1E+42)° - - - 2E-6 28-5
82 Lead-2142 D, .al1 compounds :. 9E+3 “BE+2 X7 1E-9 14 1€-3
83 Bisnuth-2002 0 nitrates - 44 BE+4 ag-5 C AE-7 | AE4 . 4E-3
: 7 . M, all other compounds’ . .- ] 1E+5 4E-5 1E-7 - - =
83 Bismuth-201% - D, see 2008{ 1E+4 3E+4 15 -8 24 2-3
: S W see 2904 - 3Ees 2E:5  SE-B. - -
83 Bismuthe202® - D, see 30084 1644 Cageq 2E-5 6E-8 -8 26-3
- w, see 20054 - - BEs4 “3E-5 1€-7 - -7
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B-41

. Table 1l o Table 2° Table 3
Occupational Values - Effluent Releases to .
e - Concentrat ions -Sewers
Col. 1 Col. 2, Col. 3 Col. 1 . Col..2 :
oral - . : Monthly
. Ingestion Inha]at!on X . Average
Atomic Radionuclide - . Class ALl Al ¢ Water. - Concentration
Ho. : . (uCi) : (pcl) (uci/ml) (uC1/ml) -(uCi/ml)  (uCi/ml)
83 Bismuth-203 D, see 2008i 2643 764 3E-6. 969 36-5 3E-4
: Y, see Bi - 6E+3 .3E-6 9E-9 - . -
83 Bismuth-205 0, see 3008i 1643 3£+3 -6 3-8 - 26-5 264
: W, see 20085 - 1643 SE-7 ¢ 2E-9 B
83 Bismuth-206 D, see 2008 6E+2 1En - 6E-7 26-9  9E-6 . - GE-5
co . H, see Bf Lt " 9E+2 " 4E-2. 1E-9- . - o=
83 . Bismuth-207 0, see 50-Bi 1643 2643 . TE-7 269 7 1E:5 1E-4
E N W, see Bi - . 4E+2 1E-7 5E-10 o co-
‘81 Bismuth=210m D, ses 20035 - - gEs1 SE+0 2-9 - - .
. - - * Kidneys :- Kidneys . :
" 40 B (EED) L eE-12 87 8E-6 - : ,
W, see 200g; “7E-1 10 9613 - e .-
83 81sauth-210 D, see-?%%; 8E+2 - ®7 17 -, 1E5  1E-4,
’ . Kidneys
200, - ey - S5E-10.. - -
- W, see <7'BY - - 3641 . 1E°8 © 4E-11 - -
83" Biseuth-2122 - D, 'see"gggsi SEs3 . - “ZEe2 T1E47 T 310 0 7E-S 7E-8
< W, sea 2005 - ' 3Ee2 1E-7 &-10 - .
83 Bismuth-213% D, see 20084 7643 a2 167 4E-10 164 1E43
_ w, see 20084 - 4E+2  , (1E-7 . 5E-10 © - - -
83 Bismuth-2142 D, see 280Bs 2E+4 . BEs2 3BT 1E-9 - -
: o . - ‘St. wall .. . .
. 20 @ - .- = 36 3E-3
o, B4 9E-2 47 18 - . -
34 Poloniue-203% . - D, all compounds except. T t . . . .
- those given for W 3E+4 - 6E+4- 3E-5 SE-B 3f-4 3E-3
‘W, onides, hydroxides,’ . . . A E
. and hitratés - 9E+4 4E-5 - 1E-7 - -
8 poloniur20s’ D, see 2020 2E+4 AE+4 2-5 - 5E-8°  3E-4 3E-3
o L. W ses 203pg - TE+4 -5 1E-7 - -
84 Polonfua-207 - D, see 230 BE+3 344 . 1E-5  3E-B O 1E-4 1E-3
. W, see 20%pg - A 1E-5 - 4E-B - -
84 Polonium-210 D, see 20%a 3640 6E-1 3E-10 . 9E-13  4€-8 ag-7
. ’ W, see “"“Po - 6E-1 . 3710 9E-13 ="
85 Astatine-2072 0, halides 6E+3 3E+3 . 1E-5 45-9  8E-5 8E-4
: : W = 2E+3 9E-7. . -3E9 . = -
85 Astatine-211 D, halides: 1|42 ¢ BE41 - 3E-8 €510 26 265
. W - s+l | 26-8 . BE-11 - -
.86 Radon-220 " With daughters : ' s .
ce removed - 2E+4 - 7E-6 2t-8 - -
- With daughters ’ : .
present - 2E+1 SE- 3E-11 - - . -
e (or 12 working (or 1.0 '

lava] months) -working
E : level)
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PART 20. STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 - Table 3
Occupational Values Effluent Releases to
o . . Concentrations Sewers
£o1. 1 col. 2 Col. 3~ Col. I G612 - - -
Oral ’ Monthly
. . . Ingestion Inhalation . - Average
_Atomic Radionuclide Class ALl " TAL DA Air Water Concentration
" He. N - {pCi) (uCi) (pCi_/m‘I) (uCi/mly  (pCi/m1) (uCi/m1) ~
86 Radon-222 With daughters ) .
removed ’ - 1E+4 4E~6 1f-8 - -
With daughters . )
present - 1E+2 3E-8 1E-10 - -
i (or 4 working (eor 0.33 :
level months)  working
Lo . level)
87 Franciux:n-?ZZz 0,-atl compounds 2E+3 5E+2 2E-7 6E~10 3e-5 3E-4
a7 Franciurzzaz D, all compounds 6E+2 8t+2 "3E=7 . 1E-9 8E-6 BE-5
88 Radium-223. W, all compounds SE40 - TE-1 JE-10 913 -~ -
’ ’ - - Bone surf . T
) (9E+D)- = - - 1E-7 1E-6
88 Radiun-224 W, a1l compounds - BE+0 " ZE+0 7610 212 - -
: . ’ . Bone surf . ) .
4 . (2E+1) - - - 2-7 2E-6
88 Radiun-225 W, al1 compounds "age0 7E-1 T T -1 ¢ B
e ’ . Bone surf ’ N -
(26+1) T- - .- 2E-7 ' ZE+6
88 Radium-226 W, all compounds 2640 §E-1 -0 eE13 - -
L Co . Bonme surf .
(SE+0) - - - 6E-8 6E-7
B8 Radium227? W, all compounds 2648 . 1E4 6E-6.. - - -
Bone surf’ .Bone surf : .
. . (2E+4) (26+4) - 3E-8. -4 ‘3E-3
88 . Radiuw-228 W, al1 compounds - - 2E40 1E+0 SE-10  26-12° ¢ - -
Bone surf .
] (4E+0) - - T 6€-8 6E~7
‘8% Actinium-224 D, all cempounds except . ’
. those given for W and ¥ 2E+3 3E+1 1E-8- | -~ - -
. - T LY wald Bone surf Ce .
. . (2E+3) (4E+1) o= BEA1L 3E-5 - 3E-4
W, halides and nitrates -  SE¢l -8 e - -
, oxides and hydroxides - ’ SE+1 26-8° - GE-1L 1 - -
8s Actinium-225 . 0, see 22%¢ TsEsl ;361 €10 - - -
: ’ I LLI wall . Bone surf : . . .
224 (s6+1) " (5E-1) ~ . 7E\13° TE-T TE6
W, see SogAc ) - 6E-1 -3£-10 9E-13 - -
Y, see 2%c = T Bl 3E-10 913 - -
89 Actinim-226 D, see. 22%c 142, 3EeD s - - -
. “LLT wall Bone surf o
224 (1E+2) -+ (4E+0) - 5E~12 2E-6 2E-5
"W, see 224kc - ' 5E+0 2E-9 - 7€-12 - -
Y, see Ac - . S5E«0 - 26-9 6E~12: - -
89 Actinium-227 D, see Z2%ac -1 - AE-4 . 26713 = - -
. Bone surf Bone surf -
228 (4E-1) . (BE~4) - - - 1E-1§ S€-9 SE-8
W, see Ac - 2£-3 7¢-13 - - -
. ’ . T Bone surf
224 - (3E-3) - 4E-15 - -
Y Ac - - 4g-3 2E-12 6E-15 - -
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Aep- B PART20 STANDARDS FOR PROTECTION AGAINST RADIATION:
Table 1 Table 2 Table 3.
Occupational Values Effluent’ Releases to
- Concentrations Sewers
Col.. i fol. 2°  Col. 3 ol 1 Col. 2 _
Oral ' : Honthly
: : Ingestion - Inhalation . Average .
Atomic Radionuclide Class ALT ALl DA © Air ‘Water  Concentration
Moo | (bci). WCi)  (uCi/ml) (uCi/ml)  (uCi/ml) (pCi/m1)
89 Actinium-228 D, see 2%%c 2603 9E+0 4-9 - 3E-5 3E-3
- ’ _Bone surf °
228, - (28+1) - 26421 - -
W, see Ac - 4E+1 2E-8 - - -
’ ’ . Bone surf. .
. . 204 - (6€+1) - 8E-11 - -
v, ses 28%¢ 441 2€-8 6611 - -
D) Thorium-226° ¥, 311 compounds except ’ . .
: those given for Y 5E+3. 2E+2 6E-B 2%-10 - M
: ‘St. wal) -
(SE+3) - - - 7E-5 “7E-4
Y, oxides and hydroxides - " 1E+2 6E-8 2E-10 - - ~
90 Thorium-227 W, see gggTh 1642 3e-1 110 56-13° U266 2%-5
. . Y, see Th oo ’ 3E-1 1E-10 5E-13 - -
9 ' Thorijum-228. W, see 2257, . BESD E-2 12 - - - .
. N DR Bone surf Bone surf . . :
226 (1£+1) (2E-2) - 3E-18 267 26-6
_ Y, see 2261, - 28-2 7E-12 26-14 - -
9 Thoriew229 . W, ses 2267y " eE-1 SE-4 413 - - -
’ R " Bone surf .Bope surf .
: 226, (1E+0) " (2£-3) ~ . 315 268 2€-7
Y, see Th - 2E-3 1E-12 - - -
. Bone surf . .
) ' ) - (e-3) - 4E-15 - -
9  Thortem230 . ¥, see 226y, AE+0 6E-3 12 - - -
. ’ . Bone surf Bone surf ) .
226 (9E+0) (2E~2) - 26~14 - <1E-7 1E-6
Y, see ™ - 2E~2 6E-12 - - -
. Bone surf . -
- - -(28-2) - 3E-14 - -
90 Thorius-231 ¥, see 228m, 4643 BE%3 | 36 - 9E-9 SE-5 SE-4
’ Y, see h - 6E+3 "3E-6 9g-9 - -
90 Thoriue-232 W, see 226y “7E-1 . -1E-3 5E-13 - T . -
. oo .. Bone surf Bone. surf .
_ (2E+0) (36~3) - 8E-1S 368 3E-7
Y, see 2251 - 3E-3 €12 - - -
: Bone surf ° : T
- (4€-3) - 6E-15 . - - .
90  Thorium-234 W, see 226y 362 - 262 . BE-8 | 310 - -
. . . LLT wall E : L
226, " (4E42) - - L - . 'sE-g 5E-5
Y, see Th - . 2E+2 6E~- 2E-10"~ - -
‘91 Protactim‘gn-zﬂz W, all -co-b.ounds except . . - :
. those given for Y 4E+3. . C1Ee2 5¢-8 2E-10  SE-5  SE-4
_ Y, okides and hydroxides - . 1ge2 - ap-8  1E-10 - -
81 Protactiniue-228 W, see 27pa - 1Eea T1Ee1  SEe9 - - 25 264
’ Bone surf. .
226 - (2E+1) - E-1! - -
Pa 1641 "SE-9 26-11 - -

Y, see
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" PART 20 ' STANDARDS FOR P,R‘OTECJ'IONJAGA'INYST RADIATION |

Table.l . L Table 2

Table 3
Occupational Values o «Efflueat, - Releases to
: - Concentrations . Sewers
Col. 1 Col. 2 - - Col. 3 Col.1 Col. 2 -
Oral S . Honthly
. L Ingestion Inhalation’ - Average
Atomic Radionuclide Class ALl (R AC - Air - - dater. . Concentration
Ko. : ; (WCi). Ci)  (uCi/ml} (uCifml)  (uCi/ml)y  (pCi/ml)
91 Protactinium-230 ¥, see 227pa 6E+2 5E+0 2E~9.  7E-12 - -
- Bone surf . - . -
. 227 '(9E+2) - o Co- ‘1E-§ 1€-4
) Y, see 227pa - 4E+0. 1E-9, 56-12 - -
91 Protactinium-231 W, see 227pa 26-1 k-3 g1 - - -
- _ Bone surf .Bone surf o .
226, “(5E-1) 4E-3 - 6E-15 . 6E-2 6E-8
* Y, see Pa .~ 4E-3:. . - 2B-12 L Lo -
: Bone surf . T
_ . - - (BE-3) - 86-15 - -
9 Protactinium-232 W, see 227pa 1643 2641 9%-9 . - 2%-5 2-4
B Bone surf - - '
227 - (66+41) - . . #E-1l - -
Y, see-““'Pa AR 6E+1 . . 2E-8 - - -
. ° Bone -surf- R
- {TEA) ‘- Y1E-20 . - -
91 Protactinium-233 ¥, see 227Pa 43 . 702 . 37 1E9 - -
’ . . 11T wall - oL . .-
o (26+43) . - - - -5 2E-4
) ¥, see %“’pa - BE+2 26~7 - BE-10 - . -
91 Protactiniue-234 W, see 2273 2€+3 8E+3-  .3E-6 1E-8 . 35 3E-4
: . Y, see Pa - i TE+3 “3E-6 9-9. .- .. -7
-92 Uranium-230 D, UFg, UDzFp, UDa(NOs),  4E+0 4g-1 - 2E~100 - - -
L - Bone surf . Bone surf . : )
©t ot (6EsD) (6E-1) - 8E-13°  BE-B.  BE-7
W, UD;, UFg, UCl, oo- 4£-1 1E-10  56-13 - -
Y, UDz, Us0g - -w.3E-1 . 1E-10 4E<13 0 - -
‘92 Uranium-231° - D, see 23 SE+3 - BE43 36 ;-8 - -
L. . LLI wall . . N L
S a3 (8E#3)° - - - 6E-5 6E-4
W, see Z300. - . 6E+3 L26-6 * .BE-9 - -
Y, see: M0 o= . - 5E+3 . 26" 6E-9 - -
.82 Uraniun-232- 9, sée 230 .26+ 261 sE-11 - - -
: . . " "Hone surf 'Bone surf .
" 300 - (4E+0) (4E-1) - - BE-13  BE-8 6E-7
W, see 530U .- "ag-1 26-10 . SE-13 - -
. Y, see “U - 8E-3 - J3E-120 0 1E-14 - -
92 - Uraniun-233 - D, see 230y €41 1640 SE-10 -~ . . - -
’ . Bone sutf Bone surf .
_ (ZE1) . (2E¢0) . . - . - 3E~12 (367 - 3E-6
. W, see 5300 - T TE-1 3E-10 1E-12 - -
] STy, see S .- ©C..qg-2  ° ZES11 -SE~1§ - -
92 Uranium-234>  D; see 20y 1641 - 1E¢0. se-10 - - - -
c L ‘Bone surf  Bone surf . . -
P 230, (26+1) ©  (2E+D) ce . 322 3E-7 3E-6
W, see. 300 - < 7E-) -3E-100 C 1E-12 - -
Y. see 30 - .- 8E-2 26-11 - 5E-18 - -

APPB‘
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© .. Table'l . Tablez -  Tapbie 3
Occupational Values Effluent Releases to
. . . . L. Concentrations Sewers
- . o "Gl 1 Col.2 - Col.3 Col1 Col.2 . .
Oral . . _ Monthly
’ Ingestion Inhalation Average -
Atomic Radionuclide © Class = - ALI AL A . Air Water Concentration
©, No.s T Lo (pqi) (WCi)  ° (uCi/ml)  (uCi/mi)  (pCi/al) (pCi/mi)
92 Uranium-2357 b, see 230y C 1. 1840 BE-10 ¢ - Ce -
: . B . Bone surf Bone surf - -
20 (2641) (2€+0) - 312 3E-7 3E-6
W, see 530U - BE-1 3E-100 1E-12 - -
Y, see 230 . - 4€-2 - 2-11  6E-14 - -
92 Uranium-238 ... D, see 230 L 1Eel 1640 . SE=10 < . .- -
- : - " Bone surf .Bone surf . :
- - 210 (2E+1) (2E40) - 3E-12 3E-7 3E-6
SW, osee 230 e BE-1 - 3E-10  1:-12. - -
) ) v, see 230 _ - . a2 26-11  6E-14 - -
e Uranium237 . D, see 230y 2643, .. 343 T 1E"6  4E=9 - -
S CLLY wall R
230, (2E+3) - e - 3E-5 36-4
W, see 230u . - 2E43. 7E-7 2E~9 - -~ -
Y, see 230y o= el 6E-7 2E-9 - -
92.  Uranius-2387 b, see 3% : 1641 . 1840 i 610 .- - - - -
: . : Bone surf - Bone surf <. :
230 . (2E#1) . (26+0) - - . T O3E-12 3E-7. 3E-6
W, see'S30U - 8E-1 €410 12 . - -
Y, see %0 . - 4E-2 26-11°  BESM4 T <o -
“92 Uranium-2392© B, see 2300 JEWs - ZE+5. - BE-S 3€-7°  9E-4  9E-3
: W, see g0 . < 25 TES | 26-7 - - -
. Y, see &0y - 2E+5 . 6E-5 .’ 26~7 ' = -
92 Uranium-240. D, see 230U 1643 4€+3 - 266 © SE-9 2%-5 -4
’ : W, see 230u - 00 .33 1E-6 4E-9. - -
. Y, see VU - - 2643 - . 1E-6 3-8 | - .-
92 Uraniun-natural® b, see 230 : TR 164D SE-10 - -
- o Bone surf Bone surf : ot -
20 (26+41) (2E+0) - 312 3E-7 3E-6
W, .see $3u - - 8E-1 - 3E-10 | 9Ef13 - -
i ¥, see U . - . 5€-2 2E-11 9E-14 - -
93 Neptunivm-2322 W, all compounds;’ - IE+5 ‘2643 7E-7 - 2E-3 2-2
) : s : Lo Bone surf C-
‘ : , - (5E¢2) = - 6E~9 . . - -o-
93 - Neptunium-233%" W, all compounds BEs5 . 3Es6 13 466 162 1E-1
93 NepiuniurZ!‘ W, all compounds . 2E43 " 3Ee3 . 15-5 - 4E~9 3E-5 . 3E-4
93 . . Heptuniuza-235-- W, all compounds T e BE+2 ¥E7 - e .
N R - : - -LLI wall Bone surf - . '
4 (2E+4) . (1E43) - " 269 3E-4 3E-3
93, Neptuniuwn-236 W, all compounds O3B0, . -26-2 912 - - - -
. (L15€+5 y) - . Bone surf Bone surf . . R
o . . . . (BE+0) (5€-2) - 8E-14°  9E-B ge-7
93 Weptuniwm-2i6m - W, .all compounds - 3643 - 364l €8 .- - -
T (2.5 h) " Bone surf Bone surf : o
- (4E+3)  (7E+}) - ‘1E~10 . S5E-5 5E-4
93 Neptuniua<237 W, al) cospounds SE-1, . - 4E-3 €12 - - -
. . R Bone surf Bone surf . o . .
- (1E+0) (1E-2) - .- 114 28 -7 - Lo
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Table 1" . -7 Tablez  Table 3

‘AppB

Occupational Values . . - Effluent - Releases to
) - Concentrations’ ‘Sewers
o). 1 Col. 20 Col3 €ol. i ol 2 ‘
Oral - : © ¢ Monthly
. N "Ingestion inhalation. R - Average
Atomic Radionuclide  'Class . AL DAC . Air Water - Concentration’
No. S _ (eiy | - (ECi)  (uCi/ml) (pCi/m1),  (uCi/ml) (aCivel)
93 v Neptunium=-238 - W, .all compounds . R 1E+3 - 6E+1 _-,‘ 3E-8 - 2E-5 2E-4
: . . Bone surf . -
o : - @ - - W - - -
93 Meptunium-23% - W, all compounds 2643 2663 . %7 - .39 - -
L - LLY wal) . S . ,
] . . . (2E+3) - - - S 2E-5 2E~8 ) - o
93 Neptuniua-2402 W, a1l compounds : 2644 BEMA 35 1E7 364 3E-3
T _Plutonium-234 ¥, al) compounds : : L : .
: . except Puby o ¢ BEed . 2E42 . 9E-8 . 3E-10 1e-4 1E-3
) Y, PO, ‘ - 242 BE-B- W - -
94 Plutonium-23s% - W, sée S3tbu - ST ares - 36 0 1E-3 46 . 1E-2 . .11 - :
o i Y, see 2y - 3E+6- . 1E-3, 3E-6. - - .
.94 Pluteniuw-236 W, see iy - - e 2672 &gl - - o R
: ’ ’ R 8one surf Bone surf- L o co
23 (4E40) @e-2) - SE-14 BE-8  6E-7
_ ¥, see py L =T aEz 211l BBl - -
94 Plutoniun237 © W, see 23pu - 14 I3 U6 569 . 2E-4 26-3
: ST Y see ¥y s D33 166 4 - -
94 © . Plutoriiue-338° W, see 2¥py. . T Tepi | 7E3 12 - e .
B . - : ' Bone surf - Bone surf. RN
2, | (2E+0) (1E-2) ~ . - 2k-8 267
. ¥, see “7Py -o- - 282 C BE-12 264 = -
<98 “Plutonium-230 W, sea Zpy - © el eEe3. 12 - - -
. : Bone surf Bone_ surf s . ) L.
. 238 o (1E+0) (1E-2) | - 2E-14 2E-8 . 2E-7
Y, see ““"pu’ - . - 2B~2 . JE-12 - - -
. . . Bane surf : ) .
: : -- (26-2) - - ®B¥ - .-
98 Plutonium-200 W, ses 23y 8E-1  BE-d . 12 - - - -
L . Bane surf - Bone surf e o
234 (16+0) . (1E-2) o= 26-14 2€-8 2e-7
Y, see Pu o= 2E-2° - 7E-12 - - -
- T Bone surf . ! .
_ T , .- (2D - EM - -
94 Plutonium-241. - W, ses 2%y - S R ST 15| B -
' : : ’ Bone surf” Bone-surf - S
- 23 . (7E+1) (6E-1) -~ - 8E-13 1E-6 1€-5
Y, see <Py - BE-1 - 3E=10 - - -
AR : : Bone surf s :
: - I ¢ 1) I 12 - -
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. Table 1 R . Table 2 Table 3
Occupational Valees = - Effluent . Releases to
. Concentrations Sewers
Col. 1 Col’2 - Col. 3 'Col. L. Col, 2 = '~
Oral- . S Monthly
- . Ingestion Inhalation o ) Average .
. Atomic: Radionuclide “'.Class ALI - . g ] . -Air Water - Concentration
No, " - . __(pci) (pCi) (uCi/m1) (uCi/ml) ) (uCi/m1)’ (uCi/ml)
94 Plutonien-242 W, see 3%y BBl . 7R3 32 < e e
. ) "Bone surf Bone surf . . e c
234 (1E+0) . (1E-2) - 2E-14 2E-8- . 2E-7
Y, see Pu - 2E-2 7E-12 - - -
L ) - Bone surf . : o E
. - (2£-2) S L -
39 " Plutoniun-243 W, see 333pu 2E+4 484 | 2%-5  .56-8 - 26-4 26-3
. L - Y, see “Pu . - 4E+4 2%-5 - 56-8 | -~ . -
94 - Plutonim-244 W, see 23%py n 8E-1 7E-3 EFA2 - . - .
co . . . Bone surf Bone surf =~ . . i
T 234, - © (2E+0) (1E-2). - - . 26-14 . 2-8 -7
o " Y, see Pu - - L. 2E-2 | T 7E-12 T- - - .
: - _Bone surf - .
L A . - {2-2) - s - -
% Plutonius-245 W, see 23%pu . 2E+3 SE+3 . 26 6E-9 - 3E-5 3E-4
. . ! Y, see Pu - ) 4E+3 . 2E-6 6E-9 - -
. 94- ' Plutoniua-245 W, see Py . g2 32 17 40 - - -
N : . . oo L AL wall ) N
231, CO(AEs2); - - - . 6EB 6E-5
. Y, see " Pu ) - © 3E42 1e-7 4E-10 - -
95 Arericive-2372 W, all compounds - eEr 368 -4 aE-7 163 . 1E-2
95 ' Americiun-238%2 . W, an compounds . 4E+4 343 - 166 - SE-4 l.5E-1
. : - ' : Bone-surf :
: . ‘ - (6B - 9%-9 - - -
95 - Aeericium-239 . W, all'compounds © . - 5E43 . . 1Eea. - SE-6 268 7E-5 7E-8
95 Asericium-240 W, ‘all compounds - C.2E43 7 3643 “16-6 - 4E-9 | 365 . 3E-4
.95 Amsriciuw-261. W, all compounds  BE-1 663 0 12 . - - -
. ' . Bone-surf. Bone surf . o o N
e _ (JED) G (AE-2) =zl 268 267 :
95 Americius-242n W all compounds - | BE-1. 6€-3 .. 312 - . - -
. Bone surf Bone surf . . i
. ] . (1E0) .. (1E-2) - 214 28 267 P
95 Asericium-242 W, all compounds ©4E+d BE+1 - 4E-8 - SE-5 . S5E-4 :
' . L . Bane surf o
- : . . b (9E+1)’ - 10 - - ;
95 Apericium-243 .. W, a1V compounds’ gE-l - 6E-3 ¥ - - -
. . . . _Bone surf Bone surf - - P : :
e (1E+0) - - (1E-2)" - %-14 268 2E-7
“g5 Asericium-244a2 W, all Compounds’ GE+4 . AR\ 266 - .l .
. ’ . - St. wall - Bone surf o
. (8E+4) (7E+3) - - 1-8 1630 - 1€-2 ) ;
a5 Americitn-244 W, all compounds 3E+3 2642 8E-8 - 4E-5 4E-4 :
) : L . Bone surf R ’ L
- . (AEs2) - 4E-10 . - - i
1 compounds = . 3E+4 BE+4 3E-5 1€-7 4E-4 4E-3 i

95 Anericius-245 W, al
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Table 1 .. Tablei2 ‘' Tabie 3

.Occupational VYalues .. Effluent Releases to
) ’ s - Concentrations ‘ Sewers.”
Col..1. " Col. 2. Col. 3. Col.2 Col.2 °~
oratl. - : . X Monthly
o ceo Ingestion Inhalation ' Average - -
Atomic. Radionuclide. Class ‘ALl AL AL . Alr .. Water Concentration
No. . SR SWCi) GCEY . uCi/mI) (uEi/ml)  (uCi/ml) (uCi/al)
95 - mericium-246n° ° W, all congounds SE+4. 2645 BE-5 €72 - -
. e R ‘St.-wall | ) ] ) P
] ' - (6E+4) - S - 8E-4 . BE-3
k] /.\meri'cimjzﬁlz W, all compounds 3E+4 1E+5. "¢ | TAE~S s 484 4E-3
9 ' curium238 . W, all compounds 2E+4 1643 6= 2E-b  26-8  26-3 .
96 . - Curfum240 W, all-compounds ¢ BE+1 BE-1 C2Eew - - :
R . o : Bone surf Boneé surf’ ) '
. . (BE+1). ~  (BE-1) - 913 C1E6 - 1Es5
96 Curivi~241 W, all compounds- N T " IE-8 - -.'  26-5.° - .26-4
R o N Bone surf - -
. o - @E - L sl o~ -
% . Curiue242 W, all compounds. . 3E -1 ®0 - - -
: ’ T B Bone surf Bone surf -
) : - (5E+1) (&) . - 4E-13  7E-7 TE-6
96 Curfum-243 - W, all compounds - 10 - -3 a1z - . = .
. o . : . ' Pone'surf Bone ‘siurf C < L
- . o , (2640)  (2E-2) T 26-14 3-8 - -7
) 96 Curiva-244 W, all compounds - e 15*0 . TE2 - SEe1R e L - -
’ ' ) ’ ' Bone surf Bone surf- o ) .
. . N (3E+0) © (2E-2) - ¥-14 3E-8 3T
3 Curium-245 W, all compounds-” -~ 7E-1 - . 6E-3 " 312 . - - -
e ) Bone surf  Bone surf o s - O
. . _ _ (1E+0)©  (1E-2) - 26-14  2E-B 267
96 . - Curiun-246 . W, a1 compounds o 7Eel, . eE-d ¥ - - -
i ' . ’ Boné 'surf  Bone surf e = K
o : - (IE+0) . (1E-2) N ST 2E-7.
96 Curium~247 . W, al) compounds . . BE-1" §E-3 . 12 5 . - -
T N s . Bone .surf Bone surf . . . .
B o S (1E40) - (1€-2) - 2€-18 - 26-8-  2E-7
96 . . Curtume248 - W, A1) -compounds ‘.7 - 2E-1  26-3 T3 - - -
’ . : Bone surf Bone surf - . L o
. ) ‘(4E-1). (38-3) - AE-15.  S5E-3 T SE-B
% . Curiun-249? ¥, all compounds . T - T >
o . . 7 Bone surf . : .
- T (aee) o - a8 . - 7 s
%  Curium250 W, all compounds © AE-2 3E-4, 1#-13 - - .
. A L : Bone surf Bone surf . A
. . - (6E-2) (5E-4) K . BE-16  9E-10 9E-9
97 ‘Berkeliwm-245 - W, all'compounds . 2643 C1E43 - SE=) 269 3E-5 . 364
97 Berkelium-245 W, all compounds 3 3643 166 . A9 . GBS -4Ed
- ey Berkeliwr247 . W, all compouds - ° - SE- 4E-3 ®w2 - . - Cos
. o : . <., Bone surf Bone surf - - .
. (1Es0) © {9E=3) - -1 zEs - 2T
97 Berkelium-249 ¥, a1l compounds zEez - 9E+D. . 7E-10 - - <
: ' ’ T Bone surf . Bone surf i . . _
(5E+2) . (4£4D) - SE-12 - BE-6 6E-5
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Table 2

B-49

. . Table'l Table 3
Occupational Values . Effluent Relesses to.
Co- . Concentrations Sewers
Col, 1 Col. 2. Col. 3 Col.1 col. 2 C
Oral . Monthly
- : . Ingestion' Inhalation . ! Average
Atomic Radionuclide ., Class ALI AL D Air Water Concentration
No. . . ei) (uCi) (uCi/m1)  (Ci/ml)  (pCifm1) (pCi/ml)
97  Berkelium250 W, -al1 compounds SE+3 3E+2 ®-7 - - 16-4 1£-3
. : X Bone surf .
= {TE+2) - 1E-9 - -
98 .. Californium-2442 W, a)1 compounds excapt o
those given for Y . 3E44 " BE+2 2E-7 8E-10 - -
- . . 5t wall L X
(3E+4) Rl - - ) 4E-4 7 4E-3
) " ¥, oxides and hydroxides - T gE+2 26-7 8E-10 R -
98 Californiun-245 Wi see Zoocf © o aEe2. | 9Ee0 . a9, -1 SE-6 5E5
) E Yy, ses “Mcr - D SE%0 - 4E-9 E-11 . = -
88 Californium-248 W, see 2%ct BE+0 6B~z - 3®m - - -
' . : Bone surf . Bohe surf . ) .
: 244 ~ - (2E+1) (1E+1) - - . 26-13 2E-7 - 2E~6
o Y, see <Mt - “1E-1 4E-11. 1613 - -
98 Californfue-249 W, see 2%%¢ " 5g-1 483 : %12 - - -
: : : : . ‘Bone surf Bone surf . L
244 (1E+0) (9E~3) - 1£-14 2E-8 287
Y, see 2¥cr e 1E-2 412 .- - -
- . Bone surf - ) ’
‘ - QE2) - -4 - -
98 Californium=250 ' W, see 2¥r 1640 9E~3 T a1z - - e
: Bone surf Bone surf o . :
244 (2E+0) (2E~2) - 3E-14  3E-8 3E-7
Y, see cr - 3E~2 . 1E~11 4E~14 - -
98, .Californium-251 W, sea 2¥¢r SE-1 4E53 2Eei2 - - -
. Bone surf Hone surf R
244 (1E+0) . (9E-3) o .o 1E=14 T 2E-8 28-7
Y, see “Hcr - 1€-2 a2 - st -,
. Bone surf . .
. - {1E-2) . = 2E-14 - : -
98 - Californium-252 W, see 2%%cr 2640 - 26-2 812 . - - -
L ’ . Bone surf Bone surf - - o
2 “oxg {5E+0) - (4E-2) - SE-14 TE-§ 7E=7
-¥,"see “Hes - 3€-2° | 1611, SE-14 - -
98 Californium-253 ¥, see <¥g¢ 2E+2 2640 8€~10 312 - < -
R . Bone surf .. )
s (4E+2) < - - SE-6 SE-5
Y, sea “TCt - 2B+ 7E~10 26-12. .. - -
98 Californium-254 W, see g::cf 2640 26-2 SE~12 - 3E-M4  3E-B 3E-7
S ‘ . see 2y - -2 - ez 261 - -
99 Einsteinium-250 W, a11 compounds aEH4 SEe2 27 . - " 6E~4 6E-3
- . Bone surf . .
) - (1E+3) - 2-9 - -
9 Einsteinfus-251 W, all compounds’ 763 9E+2. €7 - €4 1E-3
R . . Bene surf . . :
. ’ - (1E+3) - - 26-9 - -
99 Einsteiniwa-253 W, all compounds’ 2642 1E+0 6E-10 2612 26-6 2-5
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" Table 1 . Table 2 fable 3 -

Occupational Values - Effluent ~. ' Releases to
T Concentrations Sewers
#0ol, 1 toll 2. Col. 3 Col. 1. Col.2 -
Dral ~ T Honthly
o . Ingestion . Inhalati6n .- Average -
Atomc ' Radionuctide Class ALY AL A Afr ~ °  Water Concentration
‘No. P .. A Hpeiy {pCi) (u€i/m1)  (uCi/ml) F(pCi/m1) (HCI/M)
99 Einsteiniun-254m W, all compounds IV 21 €5 wnm - -
. . LLI wa)l .
(3£+2) B ~ - 4E-6 . 4E-5
99 Einsteinium254 "W, 'all compounds 8E+0 7E-2 E-11 - - -
X . Bone surf Bone surf - : .
) ) ) (2E+1). - (1E-1) - 2E-13 7 2E-7 2E-B
200 fermium-252 " W, all compounds 5E+2 1E+1 " §E-9.- 2e-11 BE<6 . .6E-5
100 Fermiu-253 V. all compounds’ 1643 - - 161 4-9 - 111 .1E-5. &4 .. -
200 Fermiun-254 W, all compounds C 0363 9Bl 4E-8°  1E-10 665 4E4
100 Fermium255 . W; ali compounds . - -5Es2 | 2641 9E-3 - 3-117 - 7E-6°  TE-5
100 Fermiwm-257 W, all compounds T2 %1 el - - -
. ’ c. . -Bone surf  Bone. surf - . B
. - (4E+1) (28-1) . k13 5E-7 SE-6 - -
101 Mendslevium-257 W, all compounds TEs3.  BESl . 4E-8 - -4 163
- ’ ‘ T . : . Bone surf . Co. .
) . o - C(SER) L - 1E-10 - -
101 . Mendelpvim-258 W, altl compounds ~' 3E+1 - 2E~1 ©-1E-10 - L. ’ -
. . : . .Bone surf °Bone surf - s . .
) (5£¢1) (3E-1) - 5e-13 . 6E-7 6E-6
- Any smg!e rldwnm:'hde not listed ) : ’
above with decay mode other than
" .‘alpha emission or spontaneous fis-.
sion -and with radicactive half- 1 L R
_ lifeless than 2. hours - - .Submersion”. -~ 2E+2 1E-7- 1E-9 - -
- Any. smgle radmnuchde not hsted
above with- decay mode other than
a]pha emission or spontaneous fis- R
sion and with radicactive half- B : - - .
life greater than 2 hours . - Cee e - . 2E-1 - 1710 1E-12 - 1E-8 1E-7
- Any single radienuclide not Tisted . : : o
above that decays by alpha emission-
or spontaneous fission, or any mix-
" ture for which either t.he identity
or the concentration of any radio- . : .
nuclide in the- mxture is not’ N - . T RS .
- 4E-4 2E-13 1E-15 2E-9 2E-8

known .
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FOOTNOTES?

Lisubmersion® means that values given are for submersion in a hemispherical semi-infinite cloud of airborne

material. : - - : . L

27hese ‘radionuctides have radiological half-lives of less than 2 hours. The total effective dose equivalent

" received during operations with these radionuclides might -include a significant contribution from external expo-
suré. The DAC values for all-radionuclides, other than those designated Llass "Submersion," are. based upon the
committed effective dose equivalent due ta the intaké-of the radjonuclide into_the body and do NOT include poten-
tially significant contributibns to dose equivalent from external exposures. The )icensee may substitute YE-7
pCi/ml for the listed DAC to actount for the submersion dose prospectively, but should use individual monitoring
devices or other radiation measuring instruments that measure-external exposure to -demonstratecompliance with
the Vimits, (See § 20.1203.) ' : oo o
3For soluble mixtures of Us238, U-234,:and U-235 in air, chemical toxicity may be the fimiting fdctor (see

5 20.1201(e)). If the percent by weight (enrichment)-of U-235 is not gredter than 5, the concentration value for

a 40-hour workweek is 0.2 milligrsms uranium per cubic meter of air average. -For any enrichment, the product of
the average concentration and time of exposure during a’ 40-hour workweek shall.'not exceed BE-3 (SA) pCi-hr/ml,

where SA is the specific -activity of the uranium inhaled. The specific actjvity for natural uranium is 6.77E-7

curies per gram U. The specific activity for other mixtures of U-238, U-235, and U-234, if not known, shall be:

SA £ 3:6E-7 curies/gram U U-depleted :
SA = [0.4 + 0.38 (enrichment) + 0.0034 (enrictment)?] -6 , enrichment 3 0.72

where enrichment is the percentage by weight of U-235, -expfesséd' as percent.

NOTE: : - o Coee . .. )
If.the identity of each radionuc)ide in a mixture is known but the concentration of one or more of the

1.
radionuclides in the mixture is nat known, -the DAC for the mixture ‘shall be the most restrictive DAC of any

radionuclide in the mixture. . N

2. If the identity of each radionuciide in the mixture is not known, but it % known that certain radionuciides . -
specified in this appendix are not présent in the mixture, the inhalation ALI!_.,QI_\C, and effluent and sewage
concentrations for the mixture. are the lowest values specified in this appendix“for any radionuclide that is
. not-known-to be abseént from the mixture; or : Lo . : '

Tablel . Table 2 Table 3., -

Occupational Values. - Effluent Releases to

) Lo ) Concentrations Sewers  °
, . Col. I . Gol. 2 Col. 3 Col.-1 Col.2. - -
- . . Oral 0 ' ‘ Monthly
Ingestion - _Inhalation : Average

. . © ALY L DAC Air-  Water Concentration
_ Radionuclide - o . - (peci) tt) - (uCi/ml) (wCi/ml) (pCi/ml)  (uCi/ml)”
If it is-known that Ac-227-D and Cm-250-W are’ . ‘ R B )
: R - 7¢-4  3E-13. - - t-

not present

If, in addition, it is known that Ac~227-W.Y,
Th-229-W,Y, Th-230-W, Th-232-W,Y, Pa-231-W.Y, .

Np-237=W, Pu-239-W, Pu-240-W, Pu-242-W, Azi<241-W,

Am-242m-W, Am-243-W, Cm-245-W, Cm-246-W, Cm-247-W, . .

Cm-24B-W, Bk-247-W, Cf-249-W, and Cf-251-W . . R . .
are not present . ’ L - - 7E-3 - 3E-12 - - -
If, in addition, it is known-that Sm=-136-W, . ’
Sm=147-W, Gd-148-0.W, Gd-152-D W, Th-228-W,Y,
Th-230-Y,.U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, Np-236-W, Pu~236~W,Y,
Pu-238-W,Y, Pu-239~Y, Pu-240-Y, Pu-242-Y,
Pu~244-W,Y, Cm~243~W, Cm-244-W, Cf~248-¥,
Cf-249-Y, Cf-250-W,Y, Cf-251-Y, Cf~252~W,Y,

and Cf-254-W.Y are not present ' - . .

If, in. addition, it-is known that Ph-210-D,
Bi-210n-W, Po-210-0,W, Ra-223-W, Ra-225-W.
Ra-226-W, ‘Ac-225-D,W,Y, Th=227-W,Y, U-230-D,W,Y,
U-232-0,W, fu-241-¥W, Cm-240-W, Cm-242-W, . . .
Cf-248-Y, Es-254-W,. fm-257-W,.and Md-258-W . :

are not present o N Tl - 7E-1 3E-10 - - —

- 7E-2 3®EN - - -

B-51 ODCM Rev. 25




58 FR 67657 -

App.B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 .
Occupationa) Values

Table 2 _ Tabie 3 -
Effiuent Releases to

-Concentrations Sewers

Oral

~Ingestion
ALI .

Rad1onuc11de i - .- o (pCi)

Col.

“ALL
(pei)

Col.
Inhalation
C

{pCi/m1)

€al. 1 Col. -2

‘Air .'Water
(uCi/m1)  (uCi/ml)

‘Monthly
Averige
Concentration

“(pei/ml)

vlf. in add|t|on, it is knoun that 'Si-32-v,

Ti~44-v, Fe-60-D, Sr-90-Y, Zr-93-0,

€d~ 113m—D Cd~ 111 D, ln-115 D, ¥, La 138-p,
Lu~176~W, Hf-178mD, w ‘Hf-182-D, w .Bi- Zlﬂm D,
Ra~224~W, Ra-228-W, Ac—zzs D,W, Y Pa-230-W,Y,
U-233-0.W, U-234-0.W, U- 235-0 w "u- 236-D ¥,
U-238-D,W, Pu-241-Y, "8k-248- W, Cf-253 W, Y
and Es-253 W are not present

If it is. known that Ac-227-D,W,Y, Th- 229 WY,
Th~232-W,Y, Pa-231-W,Y, Cn-248° W, and
Cm~250-W- are not present -

If, in addition, it is known that Sm-1467W,
Gd-148~D W, Gd-152-D, Th-22B-W,Y, Th-230-W Y.
U-232+Y, u-233- Y. U 234 Y. u-235- Y u-236- Y
.u-Z3B-Y, U-Nat-Y, Np-zas-w. Np-237~w,-Pu-236-H,Y.
Pu-238~W,Y, Pu-233-¥,Y, Pu-240-W.Y, Pu-242-W.Y,
Pu~244~W.Y, Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, - Cm-244-Y, Cm~245-W, Cm-246-W,

Cm-247~W, Bk-247-W, Cf-249-W.Y, Cf-250-W,Y,
Cf-251-W,Y, Cf-252-W, Y, and Cf-254 w,Y

are not present

Pf, in addition, it is«knowh that ‘Sm-147-W,
Gd-152-W, Pb-210-D, Bi-210m-¥W, Po-210-D W,
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-D.W.Y
Th-227-W,Y, U-230-D,W,Y, U- 232-0 w, U- Nat-
Pu-241-W, Cm-Z40 W, Cm-24Z-H Cf-24B-V Y,
Es-254~W, . Fm-257-W, and Hd ZSE-H are, nnt
present

1f,- 1n add\t\on it is knoun that Fe~60,

Sr-80, Cd-113m, €d-113, In-115, ‘1-129,

Cs- 134 Sm-145, Sm-147,.0d-148, Gd-152

Hg~194 (organlc), Bi- ZIOm Ra-ZZ!. fa- 224 .
Ra-225, Ac-225, Th-228, Th- 230, u-233, U- 234
U-235, uU-236, U ‘238, U-Hat, Cm‘242 Cf 248 )
Es- 254 Fm~257 -and Md-258 are not present

7E+0

3E-9

U e -

1E-13 - o=

1812 - -

-6 1E-5

3. If a mixture of radiocnuclides consists of uranium

and its daughters inore dust (10 wym AMAD particle

distribution assumed) prior to chemical separation of ‘the uranium from the ore, the following values may be

used for the DAC of the mixture:

-6E-11 uCi of gross alpha actlvlty from uran1um-238 uranium-234, thorium-230,

" and radiun-226 per milliliter of air; 3€-11 pCi of natural uranium per m1llll1ter -of alr. or 45 nlcrograas of

natura] .uranium per cubic meter of air.

derived as follows:

If the 1dentlty and concentration of each radionuclide in a mixture are knovn the l1n1!1ng values should be
determine, "for each radionuclide in the m\xture, the rat)o between the concentration

present in the mixture .and the concentration otherwise established in Appendix B for the specific radronucl1de

when not in a m)xture.
(i.e., "unity").

Examdle

The sum of such raties for all of -the radionuclides ¥h the mixture. may not exceed "

1f radranuclldes AL "8 " and "C" are present in concentrations CA' LB. and- CC' and if the .

appllcable DACs are DACA, DACB, and DACC, respectively, then the concentrations shall be limited so Lhat the

. fol]owlng relationship exists:

B-52
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-_1.0 INTRODUCTION

Software testing as described in Referemce [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-nucleax'powex
plant personnel track effluent emissions and perform associated dose
calculations. Nérth Atlantic Energy Service Corporation purchased a Seabrook-
specific version the Canberra EMS software which must meet specifié requirements
and = incorporate site-specific iﬁformation 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
wvith 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 Electrié Company in Bolton, -
Massachusetts. | | |
1.2 Acceptance Criteria

The operability of the EMS software will be accepted'if (1) informati&n
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 is contingent on Séabrook approval of

verification testing results and criteria established by user needs.



2.0 SUMMARY OF OBSERVATIONS
The EMS software testing included (i) -identifying _apprvopria’tg
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 .{nitia'lly to confirm dose results from -

the EMS program. However, the simplified nature of ODCM Hethod. I made it
difficult to change the values of various parameters or obtain me#nipgful
comparisons (other than "bottom line” coqparisons). The more adaptable ODCM
method, Me't:hod 11, was tilen used to confirm EMS doses. Observations m;de- during
the soft::ware testing are summarized below. |
2.1 EMS Dose and Dose Rate Conversion Factors

The EMS software uses precalculated conversion factors which are con‘ta:.ined
.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_,f:otal body, kidney, lung, GI tract and skin).

The liquid release dose conversion factors in the EMS program are the s_ummation'

of the com-;;onents for water recreation and ingestion of aquaticl foods. The
~ gaseous release dose conversion factors are exposure pathway-specific (e.g.,
inhalation, ground piane, milk ingestion, etc.).

>Dose conversion factors are provided in the EMS program for all exposuré
pathways addressed in the ODCM. The development of all dose conversion factors
in the EMS program followed the pathﬁay—specific equations in the Effluent
Manapement System Technical Reference Manual [3]. The EMS conversion fac;tors for
slevera]‘..radionuclides were examined to determined that the'developmeht process

was consistent to the Te_chnica-l 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 wused in tﬁe
development of the EMS dose factors is équal to- 0.025. While this Qalué is
inconsistent with ODCM Method I (which employs a mixing ratio of 0.1), it is
consistent with ODCM Method II. It is identified as a discrepancy because it is
unclear which seﬁ of ODCM assumptions (those for Method I or those for Method II)
the EMS prbgram 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 ingestioﬁ, ;nd inge#tion of
vegetables) were reviewed against aﬁplicable equations in the Technical Reference
Manual and information in the ODCM. It is nﬁted 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 land (Fp) equal to 1.0. This is not consistent with
the ODCM which calls for the use of an Fp value equal to 0.5.

The dose conversion factors in the EMS program for gaseous releases
incorporate 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. In contrast, the ODCM

calls for the use of different values for SF in the calculations for doses and



. dose rates.
2.2 Liquid Release Testing

Dose estimates from the EMS program for hypothetical liéuid -effluent
discharges (containi_ng single nﬁclide and radionuclide mixtures) are nearly
"identical to résults from ODCM Method II ﬁhen input data are based on the s;xhe
mixing ratio value, indicating that the calculation method used in the EMS
program is consistent ‘with the ODCM. Additionally, the EMS routine(.s)
respoﬁsible for liquid effluent. concentrations comparisons to MPC values and
monitor set point determinations was observed to be operating properiy.
2.3 Gas’éous Release Testing

The agreement between estimates for total body dose rates, skin dose rates,

and air (gamma and beta) doses dt_.le to emission of noble gases from the ODCM .

methods and  the EMS 'pro‘gram is excellent, indicating that the EMS qalculation
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 ixluhalativon pa_thwaj,.- the‘
calculational method and assumptions in the EMS progrém are consistent with those
in the ODCM. The evaluation of the dose estima.tes via inhalation pathway
included both long and short release durations for an elevated (mixed inode) and
a ground level release point. The excellent agreement between the 'EMS and ODCM
Method II also confirms f:hat the release duration adjustment term, t™2, is
applied properly in the EMS program. However, an incorrect receptor location was
reported on the EMS printout in the tests (D-2¢ and D-2d) in which. the Plant Vent
;as ch&nged to be recognized as; a ground level release point. |

Also noted during testing was that the EMS“routine(s) respons:i.ﬁle for

calculating effluent concentration-to-MPC ratios and radionuclide release rates



appears to be operating properly for gaseous releases.

The EMS program incorporates the assumption that the fraction of elemental
iodine is equal to 1.0 (consistent with NUREG-0133 [5]). 1In contrast, the
fraction of elemental iodinev' is assumed equal to 0.5 in the ODCM methods
(consistent with Regulatory Guide 1.109). Consequently, the EMS program ﬁroduces
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 factof of 4
when the current values for Fp and SF assumed in the EMS program and ODCM methods
are used in 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 based on NUREG-0133, the ODCM methods are based on
Regulatory Guide 1.109. The EMS program takes the more conservative 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 I131, H3, Co60 and Csl37 revealed that the éalculatibnal methods use.d in
the EMS program are consistent with the ODCM for all exposure pathways (i.e.,
ground plane, inhalation, milk ingestion, m‘eat ingestion, and vegeta’ble»s
ingestion).

Technical Specification 3.11.2.1 and the ODCM require the c'%lculation of
organ dose rates due to effluent discharges of I131, I133, H3 a#d particulates
with a half-life greater than 8 days. However, in all test cases involving these
typ‘es of nuclides, organ dose rate information did not appear on Page & of. the
\ ﬁ(S printout. Instead, t:hé message "No calculations performed - check Sample &
Receptors"” appeared. The EMS set up data aﬁd input were reviewed with no

apparent error identified. Since the test cases included Csl37, Co60, I131, and



.

.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

cbmpletely 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 I due
to the mixing ratio value. If the EMS program is intendea to be a hybrid
method, the dose factors are consistent with the ODCﬁ and are acceptable.
On the other hand, if the EMS program is intended to provide automaced’
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 not aesigned to support the use of two
shielding féqtors' (one for dose rates and one for doses), use of a
shieldi;ﬁg factor equal to 1.0 is acceptable with the understanding that,
although the dose rates produced 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 gréater than results from
the ODCM. methods. The different assumptions regarding t:he 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



radiociodine 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.




4.0 SUMMARY OF DISCREPANCIES

Discrepancy

Area of Impact

Potential Solution(s)

Mixing ratio for
shoreline activity
used in EMS
program.

Doses associated with
liquid effluent
discharges.

Clarify whether the EMS
program is expected to
follow ODCM assumptions
for Method I or Method II.
I1f determined to follow
Method I, recalculate dose
factors for liquid
releases.

EMS dose factors
based on Fp value
which is not
consistent with
ODCHM.

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 associated 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,
I133, H3, and
particulates.

Technical Specification
required dose rate not
calculated.

Discuss with Canberra.

10
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pages 9 and 10 (see Attachment #1 of Appendix C of the ODCM). With the positive

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

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:

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
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 Specifications without
the need to modify the assumption used for the shoreline mixing ratio.

Discrepancy:

EMS dose factors based on Fp (fraction of year animals are on pasture) value which
is not 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
moderately conservative approach compared to Method I and the off grazing 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) applied uniformly to dose rates and doses in the EMS program.



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 II 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.

Discrepancy:

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 II, 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 dischargeé
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 Specification

Initials
DJH

DJH
DJH

DJH

DJH

Revision History
Revision Date
00 2/26/93
01 3/22/193
02 4/30/93
03 8/3/93
04 9/14/93

o

RS-8448-04

Description
Initial version

Updated incorrect dose
equation

Updated to include all dose and
dose rate equations

Updated based on

- modifications to software and

customer’'s requested
modification to the use of the
detault nuclide for gaseous
permit processing.

Updated based on customer's
request to remove modification
to the default nuclide for
gaseous permit processing.



Software Requirements Specification

1. Scope
2. Applicable Documents

3. Interfaces

3.1
3.2
3.3
3.4

oo

: - 6.1 ’
6.2
6.3

6.4

6.5

6.6
6.7

6.8

6.9

6.10

6.11

6.12

Hardware
Software
Human
Packaging

Definitions
Principal Changes from Existing Packages
EMS Functionality

Database Maintenance Transactions
Editing Values through INGRES QBF

' Liquid Pre-Release Processing

6.3.1 User Interface and Functionality
6.3.2 . Associated Reports

6.3.3 Undertying Calculations

Liquid Post-Release Processing

6.4.1 User interface and Functionality
6.4.2 Associated Reports

6.4.3 Underlying Calculations

Liquid Permit Editing

6.5.1 User Interface and Functionality
6.5.2 Associated Reports

6.5.3 Underlying Calculations

Liquid Permit Deletion

Gaseous Pre-Release Processing
6.7.1 User Interface and Functionality
6.7.2 Associated Reports

6.7.3 Underlying Calculations
Gaseous Post-Release Processing
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1.  Scope

~ This document establishes the éoﬁware 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 included as part of this SRS, ~and this SRS
’ refers to specific sections of them:

2.1.1 "Southern Nuclear Operating Company Effluent Managen‘ient 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 {inciuding screens and report
formats) imported from final manuals for other EMS packages. Utility and
plant names shown on screens and reports in these manuais are not
significant, since they are determined by database data that will be
customized to fit the Seabrook Station's usage.

2.2 The following document i is a reference source for calculation methods of the EMS
software. This SRS may refer to specnfic sectnons ’

2.2.1 *Seabrook Station Offsite Dose Calculation Manual,” Revision 12,
January 1983.

3. Interfaces
3.1 Hardware

The EMS software shall run on the following CPU model: DEC Microvax 3100, Model 80.

3.2 Software

The software shall be written under VMS version 5.4-2 or later, using INGRES version 6.4.
or later. It shall be written in VAXYFORTRAN or VAX-DCL. Utility programs provided by
INGRES that are installed on the hardware configuration may be useq if applicable.

S I ]



Software Requirements Specification ‘ ‘ RS-8448-04

3.3

3.4

EMS -

SRS -

SNC -

5.

Human

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 intended to be self-explanatory, but an Operator's Manual shall be developed.

The user may be expected to have enough knowledge of USNRC-regulated nuclear power
plant effluent management to provide accurate and appropriate inputs, and to determine
the validity of the software’s results.

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.

Definitions

Effluent Maﬁagemant System. Software for determining effluent monitor setpoints,
tracking activity releases and dose impacts of individual releases, and generating semi-
annual release reports. ’

Software Requirements Specification.

Southern Nuclear Operating Company

Principal Changes from Existing Package

The following paragréphs 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 aliow 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.

Yage 5
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5.1.3

5.1.6

8.1.7 -

5.1.9

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 jow gamma
concentration releases. ' '

Modification of Permit Procéssing to autdmatically correct the expected
waste 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 Processing to update the monitor
response. _

Addition of data to database to support and controf the above operations.
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6.1

EMS Fuﬁctionallty

Database Maintenance Transactions

The functionality of the EMS Database Maintenance transactions shall be described in
section 2 of the EMS Operator's Manual (Reference 2.1.1), with the following revisions:

6.1.1

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:

SCAL_NUC: Foré gaseous releass, a flag to denote that this release point will
have nuclide concentrations scaied so that the total concentration matches a
value entered by the user.

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:

DILOOKUP: For a liquid release, a flag to denote that permits for this reiease
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 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_NUC: For a liquid or géseous releass, this parameter will contain the default
nuclide that will be used in setpoint calculations for low gamma concentration
releases. This parameter is used in conjunction with the DEF_CONC parameter.

On the Release Point Setpoint transaction [EM-DM-RP (Form2)}], 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_CONC: For a liquid 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. :

.t/



Software Requirements Specification RS-8448-04

6.1.5

6.1.8

On the Reléase Point Setpoint transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shalif 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 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:

ALRT_SET: For a liquid or gaseous release, this parameter will contain the
muttiplier 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-Release Permit 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 tranéaction [EM-DM-ME (Form 1)}, several menu

- options will added to the list of MET DATA TABLES. These additional menu items-

are as foliows:

X/Q - Nobie Gases (Gamma)

"a" Factor - D/Q-Part/iodines

"a" Factor - Noble Gases

"a” Factor - X/Q-Part/iodines

"a" Factor - Gamma Noble Gases

. T
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€.1.10

6.1.11

Note:

Note:

On the Meteorological Data transaction [EM-DM-ME (Form 1)], the
following menu items will be used to store short-term (1 hour) D/Q and
X/Q values.

D/Q - Partics/Radioiodines
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], aliow the X/Q, D/Q, and "a" factors to be -
different for each receptor and/or release point.

This specification item is only for clarification and no additional code '
changes need to be made to this transaction.



Software Requirements Specification RS-8448-04

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 (sampleID) 0 [not used] .
" dvdate (dilution volume date) The first day of the month to which the
S ' volume applies (time not required).
tvol {total volume) Dilution volume for the month, in user
_ units. :
afiow . (average flowrate) 0 [not used]

.. Roge O
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6.3 Liquid Pre-Release Processing

6.3.1

User interface and Functionality

Liquid Pre-Release Processing functionality 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: _ :

6.3.1.1

6.3.1.2

On the Liquid Permit Definition Screen (Screen 3.04):

Upon entering the psrmit 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
description, while the other will contain the dilution flow rate for each
associated pump configuration.

Upon selection of the Dilution 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 automatically advance to the Dilution Volume Parameter.

On the Liquid Permit Definition 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 Fiow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate i{s complete, the selection
screen will disappear and the "Fill" operation wiil 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.

. foge- \\
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6.3.2

6.3.1.3

6.3.1.4

6.3.1.5

Ffribr 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 fiow. 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 setpoint 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 this nuclide should be

attained from the DEF_TYPE parameter.

The Monitor Response Scresns 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 Release 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 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 Pre-Release Permit 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 muttiplying the reiease 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.

o g\
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6.3.3

6.3.2.4 On the Pre-Release Permit Report (3.01), the calculation of setpoint data
for additional dilution flow rates (under Pre-Release Calculations) will use

dilution fiow rate values from the Dilution Streams transaction [EM-DM- "~

DS] 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.

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.

o foRe 3
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6.4

Liquid Post-Release Processing

- 6.4.1

User Interface and Functionality

Liquid Pdst-Reléase Processing functionality 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

On the Liquid Pennit Definition Screen (Screen 3.13):

If the DILOOKUP parameter is set to "™ for the release point and a user

.uses the "Tab" or "Return” key to exit the Dilution Fiow Rate parameter

on the Permit Definition Screen and the Dilution Flow Rate parameter has

a value of zero, a selection screen with two celumns 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.

6.4.1.2

6.4.1.3

Upon selection of the Dilution Flow Rate, the selaction screen will

disap}pear 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 "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 Fiow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a seiection 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.

it the Dilution Fiow 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.)
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6.4.2

6.4.3

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 monitor response values
entered shouid include the monitor background values.

Associated Reports.

Liquid Post-Release Permit Report shall be as described 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 Permit 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 valuas 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.

-12-
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Liquid Permit Editing

. 6.5.1

6.5.2

. '6.5.3

User intertace 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
foliowing revisions: )

The appearance and fuhctionality 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 permlt reports, in sections 6.3.2 and 6 4.2,

respectively.
Underlying Calculations

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)

fage. \(




Software Requirements Specification RS-8448-04

6.7 Gaseous Pre-Release Processing

6.7.1

User Interface and Functionality

Gaseous Pre-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: ’

6.7.1.1

- 6.7.1.2

6.7.1.3

6.7.1.4

6.7.1.5

On the Gaseous Pemmit Definition Screen (Screen 4.05):
The Initial Pressure and Final Preésure parameters shall be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.06):

If the SCAL_NUC parameter 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 concentrations are then "scaled”
and then stored intemally. As a result, the concentrations displayed on
the screen will remain unchanged. (See the Underlying Calculations
section for Pre-Release Permit Processing for an explanation of the
"scaling® of concentrations.)

NOTE: “This method requires the VAX_GSP (F12) file transfer has
occurred bringing the representative nuclide concentration values to the
screen prior to "Save” of data. .

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 setpoint 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 Scresens for Relsase Points 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 -
transaction [EM-DM-RP (Form 1)].

Prior to entering the Gaseous Permit Approval Screen (Screen 4.09):

If it is determined that the computed maximum waste fiow 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 recaiculated
based on the new value.
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6.7.2 Associated Reports

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

6.7.2.1

. 6.7.2.2

6.7.3

6.7.2.3

6.7.2.4

6.7.25

- following revisions:

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

~values will contain the summation of the doses for all "Open® and

"Closed" permits inciuding 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 "scaied" 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 Pre-Release Permit Report (4.01), the Noble Gas Alert Alarm
Setpoint will appear below the Max Monitor Setpoint values. The Alert
Alarm Setpoint will be caiculated by multiplying the noble gas monitor
setpoint value by a multiplier 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
calculated 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: _
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6-.7.3.1 Dose Calculations will appear in the site specific technical reference
. manual as follows:

» For Noble Gas Total Body Dose Rate (for vents or stacks < 80 meters):

xX/Q

876073=

where

8760

shf * X/Qq * 876078 * Fy, * T (K; * QR;,)

the total body dose rate due to gamma emissions by noble

gas releases from vent v (mrem/yr)
shielding factor (dimensionless)

release rate of noble gas radionuclides, i, in gaseous
efflusnts from vent or stack v ( uCi/sec).

occupancy factor defined for the receptor at the given
location (dimensionless)

total body dose factor due to gamma emissions for noble
‘gas radionuclide | (mremvyr per pCi/m3) '

highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sec/m3)

adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensionless)

number of hours in a year

"a" factor for gamma noble gas X/Q

» For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf Fo + Z (Kj* QR;) » X/Qq - 2

(5.256 « 10° / dur)

total body dose from gaseous effluents (mrem)

5.256 « 105 = number of minutes in a year

dur

duration of the release (minutes)
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t@ . = adjustment factor to convert the 1-hour X/Q vaiue to the ’
short term X/Q vaiue for the release (dimensioniess)

where

-
[

duration of release (hours)

"a" factor for gamma noble gas X/Q

V]
n

- For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shfeF,*Z QR [(Lj* X/Q+876070) + (1.11M; « X/Qg * 8760°4)]

where

Dg = skin dose rate from gaseous effluents (mrem/yr)

X/Q = highest vailue of the noble gas 1-hour X/Q for vént or stack
v at the site boundary (sec/ma)

M; = air dose factor due to gamma emissions for noble gas
radionuclide i (mrad/yr per uCi/mS)

111 = conversion factor from mrad to mrem ' ‘

4 = skin dose factor due to beta emissions for nobie gas
radionuclide i (mrem/yr per yCi/m3)

b = "a" factor for noble gas X/Q

» For Nobie Gas Skin Dose (for vents or stacks < 80 meters):

shfs Fy+Z QR * [(L; » X/Q » D) + (1.11M; » X/Q + 13)]
o iv i g

D =
(5.256 + 10° / dur)
where
Dy = total skin dose from gaseous effiuents (mrem)
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. | ' « For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80
meters): :
D, = (317108 -xQy-t3-F, -z M- Q
where
D v = total gamma air dose from gaseous effluents (mrad)

3.17 - 108 = inverse of number of seconds in a year

release of noble gas radionuclides, i, in gaseous effluents

in' =

from vent or stack v (uCi)
in = QRiV * dur « 60
where

60 = number of seconds in a minute

» For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

(317+108) - xQtP e Fy e ZN; o Oy

O
)
]

total beta air dose from gaseous effluents (mrad)

o
E°Y
(]

air dose factor due to beta emissions for noble gas -
radionuclide i (mrad/yr per yCi/mS)

=z
"

» For Critical Organ Dose Rate—Inhalation Pathwéy and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):

: * -c - £ *
DR,y = X/Q,-87607™ -2 Plp‘ta QR;,
where
DR., = dose rate for age group a and organ 1 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 1,

P' a =
P and age group a (mrem/yr per pCi/m3)
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X/Q, = highest vaiue of the radlmodme/pamculate 1-hour X/Q for .
' . vent or stack v at the site boundary (sec/m )

c = "a" factor for Radioiodine/Particulate X/Q

Note: Itis assumed Py, 5 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-876079: 1Ry, QR

where

D/Q . = highest value of the 1-hour deposmon 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 7,
and age group a (m*< « mrem/yr per uCi/sec)
Note: Itis assumed Rlpra 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):

-8
Dia = (8.17 < 107°) « X/Q, * t'° *Fo*Z Pxpra Q;y
where
D;5 = dose for age group a and organ 7 from iodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)
Note: Itis assumed P; will not contain long term X/Q or D/Q

ipra
values.
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* For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks < 80 meters):

Dyg = (317108 - D@ t9-F -2 Ripsa-Qyy

1a

Note: It is assumed Rlpra will not contain long term X/Q or D/IQ
values.

6.7.3.2 On the Nuclide Concentration Screen {Screen 4.08), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properiy for a Release Point. This "scaling” is described as foliows:

Cinew = (t/5) * C;

where
"Cinew = concentration (after "scaling”) of nuclide;
s = sum of all nuclide concentrations on the Nuchde
Concentration Screen.
t = total nuclide concentration entered by the user
G = concentration (before "scaling") of nuclide;

o P
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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

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):

If the SCAL_NUC parameter 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

6.8.1.3

6.8.1.4

total nuclide concentration while opening the permit shall be displayed as
a defauit value which can be modified. Once the value is
entered/accepted the concentrations are then "scaled” and then stored

“internally. As a result, the concentrations displayed on the screen will

remain unchanged. (See the Underlying Calculations section for Post-
Release Permit Processnng for an explanation of the "scaling” of
concentrahons)

NOTE: "This method req.uires 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 Screans 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 vailues.

(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

6.8.2.2

6.8.2.3

On the Post-Release Permit Report (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 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 vaiues will appear immediately below the "This
Release" row of doses.

On the Post-Release 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 mads.

On the Post-Release 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 will appear in the site specific technical reference
manual as follows:

» For Noble Gas Total Body Dose Rate (for vents or stacks < 80
meters): '

Dy = shf-XQg <8760 «Fy» = (K;* QR;y)

where

Dy = the total body dose rate due to gamma emissions by noble
gas releases from vent v (mremv/yr)

shf = shielding factor (dimensionless)

QR;, = releass rate of noble gas radionuclides, i, in gaseous

effluents from vent or stack v ( pCi/sec).

Fo = occupancy factor defined for the receptor at the given
location (dimensionless)

Ki = total body dose factor due to gamma emissions for noble
gas radionuclide i (mrem/yr per ndIm )

foge- a5
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XQ, = highest value of the noble gas 1-hour X/Q for gamma .
radiation for vent or stack v at the site boundary, (sec/m*~)

8760_‘a= adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensioniess)

where

L}

8760 number of hours in a year

']
L]

"a" factor for gamma noble gas X/Q

» For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

sht+Fg * Z (Kj * QRyy) » X/Qg - 2

Dy, =
(5.256 » 105 / dur)
where
Dy, = total body dose from gaseous effiuents (mrem)
5.256 » 105 = number of minutes in a year
dur = duration of the release (minutes) .
tt@ = adjustment factor to convert the 1-hour X/Q value to the

short term X/Q value for the release (dimensionless)

where

-
]

duration of release (hours)

a = "a"factor for gamma noble gas X/Q

« For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shfeFg+Z QRyy* (L * X/Q -+ 87600) + (1.11M; - X/Qg - 8760°3)]

s =
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 atthe site boundary (sec/m3)
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M; = air dose factor due to gamma emissions for nobie gas
radionuclide i (mrad/yr per pCi/m3)

1.11 = conversion factor from mrad to mrem

L = skin dose factor due to beta emissions for noble gas
radionuclide i (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 * £ QR * [(1; * X/Q - tP) + (1.11M;  X/Qg - )]

Dsk =
(5.256 + 10° / dur)
where
D¢k = total skin dose from gaseous effluents (mrem) .

« For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80

meters): -
- -8 . o t” o. . A o
Dy = (317107°)XQgt3-Fy-ZM-Q;
where
Dy = total gamma air dose from gaseous effluents (mrad)

3.17 - 10°8 = inverse of number of seconds in a year |

Q;y = release of noble gas radionuclides, i, in gaseous effluents
from vent or stack v (uClI)

in = QRiV e dur - 60

where

60 = number of seconds in a minute

e 7
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DR,

For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

Dg = (3.17-10‘8)-X/Q-t‘b-Fo-zNi-in

where

D B = total beta air dose from gaSeous effluents (mrad)

N; = air dose factor due to beta emnssuons for noble gas

radionuclide i (mrad/yr per uCnlm )

For Critical Organ Dose Rate--inhalation Pathway and all Pathways.

for H-3, C-14 (for vents or stacks < 80 meters):

X/Q, - 87607« = P; QR

ipra iv

where

DR,, = dose rate for age group a and organ 1 from iodines and
particulates with half lives greater than 8 days in gaseous

effluents (mrem/yr)

Pipra = dose factor for each radionuclide i, pathway p, organ 7,
and age group a (mrem/yr per an/m )

XQ, = hlghest value of the radnonodmelpamculate 1-hour X/Q for
vent or stack v at the site boundary (sec/m )

c = "a factor for Radioiodine/Particulate X/Q

Note: It is assumed Plpra 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):

'DR;y = D/Q-87609-2 R 4+ 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
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Ripta = dose factor for each radionuclidé i, pafhway p, organ 7,
and age group a (m2 * mremvyr per uCi/sec)

Note: It is assumed R;

ipra 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):

. -8 . . . . ’ '\ e )
D;a = (317-107°) « XQ, t° Fo*Z Plpra Qv
where
D;a = dose for age group a and organ 1 frpin 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.

» For Critical Organ Dose-Ground and Food Pathways (for vents or

stacks < 80 meters):
D,, = (317108 .-DiQ-td+F +ZR. .+ QO
1a "o ipra” “iv
Note: It is assumed Ripra will not contain long term X/Q or D/Q
values. :

6.8.3.2 On the Nuclide Concentration Screen (Screen 4.15),7nuclide
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) * C;

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
G = concentration (before "scaling”) of nuclide;
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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 (Referencs 2.1.1), with the
following revisions: : .

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, respactively.

Gaseous Permit Deletion

- Functionality for deleting gaseous permits through the EMS software shall be described

section 4 or the EMS operator's Manual (Reference 2.1.1).

fuge 30
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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:

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

100 - Dy / QL
the greater of ag g
109 . Dab / QLab
where
Dag = the gamma air dose in the applicable quaher_ at the site
boundary receptor due to noble gas emissions (mrem)
Dgp = the beta air dose in the applicable quarter at the site
boundary due to noble gas emissions (mrem)
OLag = the quarterly Ifmit on Dag (mrem) [usually 5]

QL,h = the quarterly limit on D, (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
Activation Products

« The values on lines B.3, C.3, and D.3 will be the equivalent. They will be
calculated as follows:

the greatest (over T) of [ 100~ (Z Di,T) / QL,p ‘
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6.11.1.2

the dose to organ T of the controlling receptor, in the
applicable quarter, due to gaseous emissions of .
radionuclide i (mrem)

9
"_' .
n

The summation is over all non-nobie gas radionuclides with
haif-lives greater than 8 days, including radiciodines,
particulates, and tritium.

QLrp = the quarterly limit on the controlling receptor organ dose
due to gaseous effluents (mrem) [usually 7.5]

On Report 5.02 (Liquid Summation of All Releases):

For each quarter q in the report, calculate the reportable dilution volume
(DV,q: in liters) for the portion of the quarter that is within the report
dates it is the sum of the reportable monthly diiution volumes (DV ;) in
user units for all the months in the quarter that are within the report dates:

DV

rq = 28.31685 + sd_lvolf + 2 DV

"The values Dvrm 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
calculaﬂons below.” "sd | Ivolf“ should be the user unit conversion factor to
convert from user umts to ft3. 28.31685 is a unit conversion factor from
3 to liters.

For each space on a line titled "AVERAGE DILUTED CONCENTRATION
DURING PERIOD", the average concentration (Cq, in pCi/ml) for the
respective quarter is computed as follows (where i ranges over only the
nuclides in the category):

' Cq =3 Ciq =z [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)
Dqu = reportable dilution flow for the portion of quarter q that is

within the report period (liters), as calculated above.
Compute each value on line A.3 and B.3 of the report by taking

100 - Dy, / QLyy
100 * Dy / QL
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where

Dy = the liquid total body dose in the applicable quaner at the
site boundary receptor (mrem)
Dy = the liquid maximum organ dose in the applicable quat_'ter at

the site boundary (mrem)
QLy = the quarterly limit on Dy (mrem) [usually 1.5]
QLy, = the quarterly limit on D), (mrem) [usually 5]
A note will be made at the bottom of the report stating whether the liquid
tota! 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 iine. C.3 of the report as follows:

where
Cq -= sum of noble gas concentraﬁoné
: Pq = Percentage applicable to a given quarter for dissolved and

‘entrained gases
Lgg = Liquid dissolved gas limit (u Ci/ml) [usually 2.0E-04]
6.11.2 EMS Trend Plots |
Trend Plotting functionality for the EMS soﬂWare shall be described in section 5 of
the EMS Operator's Manual (Reference 2.1.1) with no revisions.

6.12 End-of-the-Year Data Archiving

6.12.1 User Interface and Functionality
End-of-the-Year Data Archiving functionality for the EMS software shall be

described in section 6 of the EMS Operator's Manual (Reference 2.1.1) with no
revisions. _
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