
4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The 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.A- to

B.4-6.

Direct radiation measurements are analyzed at the station. All other radiological analyses for

environmental samples are performed at a contractor laboratory. The contractor laboratory

participates in an Interlaboratory Comparison Program for all relevant species in an aqueous

(water) matrix. An independent vendor (Analytics) supplies the remaining cross check samples.

These samples are presented on an air filter and in milk and water matrices.

Pursuant to Part A Surveillance S.9.2.1, the land use census will be conducted "during the

growing season" at least once per 12 months. The growing season is defined, for the purposes of

the land use census, as the period from June 1 to October 1. The method to be used for

conducting the census will consist of one or more of the following, as appropriate: door-to-door

survey, visual inspection from 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.

B.4-1 ODCM Rev. 24



TABLE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS(')

'p

Exposure Pathway
and/or Sample

Sample Location
and Designated Code

Distance From
Unit I

Containment (km)

Direction From
the Plant

AIRBORNE (Particulate and Radioiodine)

AP/CF-01 PSNH Barge Landing Area
AP/CF-02 Harbor Road
AP/CF-03 SW Boundary
AP/CF-04 W. Boundary
AP/CF-05 Winnacunnet H.S.(b)
AP/CF-06 Georgetown

Substation (Control)
AP/CF-07 (PSNH Substation)

AP/CF-08 E&H Substation@)

2.6
2.5
1.0
1.2
4.0

22.6

ESE
E
SW
W
NNE
SSW

I 5.7 NNW

3.4 SSE

2. WATERBORNE

a. Surface

b. Sediment

WS-01
WS-51

SE-02
SE-07
SE-08
SE-52
SE-57

Hampton-Discharge Area
Ipswich Bay (Control)

Hampton-Discharge Area(b)
Hampton Beach b
Seabrook Beach
Ipswich Bay (Control)(b)
Plum Island Beach
(Control)(b)

5.3
16.9

5.3
3.1
3.2

16.9
15.9

E
SSE

E
E
ESE
SSE
SSE

3. INGESTION

a. Milk

I

TM-04
TM-09
TM-15
TM-16
TM-20
TM-21
TM-23

Salisbury, MA
Hampton, NH
Hampton Falls, NH
Kensington, NH(b)
Rowley, MA (Control)
North Andover, MAP)
Newbury, MA(b)

5.3
5.3
6.9
7.6

17.0
20.8
12.0

SW
NNW
NW
WNW
S
S
S

b. Fish and Invertebrates(c)

FH-03
FH-53
HA-04
HA-54
MU-06
MU-09
MU-56
MU-59

Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Hampton Harbor(b)
Ipswich Bay (Control)
Plum Island0'b

B.4-2

4.5
16.4
5.5

17.2
5.2
2.6

17.4
15.8

ESE
SSE
E
SSE
E
E
SSE
SSE
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TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS(a)
(Continued)

Exposure Pathway Sample Location Distance From Direction From

and/or Sample and Designated Code Unit 1 the Plant
Containment (Ima)

4. DIRECT RADIATION

TL-1 Brimmer's Lane, .97 N
Hampton Falls

TL-2 Landing Rd., Hampton 3.0 NNE

TL-3 Glade Path, Hampton 2.9 NE

Beach
TL-4 Island Path, Hampton 2.3 ENE

Beach
TL,5 Harbor Rd., Hampton 2.6 E

Beach
TL-6 PSNH Barge Landing 2.7 ESE

Area
TL-7 Cross Rd., Seabrook Beach 2.6 SE

TL-8 Farm Lane, Seabrook 1.3 SSE

TL-9 Farm Lane, Seabrook 1.3 S

TL-10 Site Boundary Fence 1.2 SSW

TL-11 Site Boundary Fence 1.0 SW

TL-12 Site Boundary Fence 1.2 WSW

TL-13 Inside Site Boundary 1.2 W

TL-14 Trailer Park, Seabrook 1.3 WNW

TL-15 Brimmer's Lane, 1.4 NW
Hampton Falls

TL-16 Brimmer's Lane, 1.2 NNW
Hampton Falls

TL-17 South Rd., N. Hampton 7.8 N

TL-18 Mill Rd., N. Hampton 7.6 NNE

TL-19 Appledore Ave., 7.7 NE
N. Hampton

TL-20 Ashworth Ave., 3.2 ENE
Hampton Beach

TL-21 Route 1A, Seabrook Beach 3.7 SE

TL-22 Cable Ave., 7.6 SSE

Salisbury Beach
TL-23 Ferry Rd., Salisbury 8.1 S

TL-24 Ferry Lots Lane, 7.2 SSW

Salisbury
TL,25 Elm St., Amesbury 7.6 SW

TL-26 Route 107A, Amesbury 8.1 WSW
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TABLE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS(')

(Continued)

Exposure Pathway Sample Location Distance From Direction From
and/or Sample and Designated Code Unit 1 the Plant

Containment fkm)

TL-27 Highland St., S. Hampton 7.5 W
Th-28 Route 150, Kensington 7.5 WNW
TL-29 Frying Pan Lane, 7.2 NW

Hampton Falls
TL-30 Route 27, Hampton 7.6 NNW
TL-31 Alumni Drive, Hampton 3.8. NNE
TL-32 Seabrook Elementary School 2.0 S
TL-33 Dock Area, Newburyport 9.8 S
TL-34 Bow St., Exeter 12.0 NW
TL-35 Lincoln Ackerman School 2.3 NNW
TL-36 Route 97, Georgetown 22.6 SSW

(Control)
TL-37 Plaistow, NH (Control) 21.5 WSW
TL-38 Hampstead, NH (Control) 27.7 W
TL-39 Fremont, NH (Control) 27.0 WNW
TL-40 Newmarket, NH (Control) 21.6 NNW
TL41 Portsmouth, NH, (Control)(b) 21.0 NNE
TL-42 Ipswich, MA (Control)(b 22.8 SSE

(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).
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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

B.4-9 ODCM Rev. 24



FIGURE B.4-6
DIRECT RADIATION MONITORING LOCATIONS OUTSIDE

12 KILOMETERS OF SEABROOK STATION
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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.

5.1 Liquid Effluent Instrumentation Setpoints

Part A Control C.5.1 requires that the radioactive liquid effluent instrumentation in Table

A.5.1-1 of Part A have alarm setpoints in order to ensure that Part A Control C.6.1.1 is not

exceeded. Part A Control C.6.1.1 limits the activity concentration in liquid effluents to the

appropriate MPCs in IOCFR20 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 the concentration limits specified in 10CFR20, Appendix B, Table

II, Column 2 to the environment. It is also used to monitor discharges 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 10CFR20. 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 MPC 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,

DFn. = -Cs or z OCN ,whichever is larger. (5-3)
MPCQ 2E -04

Where:

DFmn = Minimum required dilution factor necessary to ensure that the sum of the ratios
for each nuclide concentration divided by its MPC value is not greater than 1

(dimensionless).
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C, = Activity concentration of each radionuclide "i" (except noble gases) determined
to be in the test tank (iCi/ml). This includes tritium and other non gamma
emitting isotopes either measured or estimated from the most recent composite v

analysis.

Cn - The sum of all dissolved and entrained noble gases identified in each test tank
(OCi/ml).

MPCI = The concentration limit (above background) at point of discharge to the
envirounent for radionuclide "i" taken from lOCFR20, Appendix B, Table IL
Column 2 (ILCi/ml) for all nuclides other than noble gases.

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 MPC for an "unidentified" mixture or a
mixture known not to contain certain radionuclides as given in 1 OCFR20,
Appendix B, notes.

2E-04 = The total dissolved and entrained noble gas Technical Specification
concentration limit in liquid effluents from the plant (@Ci/ml).

Next, the available dilution flow through the discharge tunnel (Fd), or a conservative estimate

for it, is divided by the minimum dilution factor (DFn) to determine the maximum
allowable discharge flow rate (Fm) that the test tanks could be released at without exceeding
the MPC limits, assuming no additional radioactive flow paths are discharging at the time of
release of the test tanks. Therefore,

Fan
R=

DFd

Where:

F. = 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).

Fd = The actual or conservative estimate of the flow rate out of the discharge tunnel
(gpm).
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For Waste Test Tank (WTI) 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 MPC 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 (DFmin) 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 DF,,1 , (given in equation (5-3))

to only the gamma-emitting radionuclides present in the waste.

DF.m = z (Cir/MPC ) (5-3a)

Where:

DF,mjn = Minimum required dilution factor necessary to ensure that the sum of the

ratios for the concentration of each gamma-emitting radionuclide to the

respective MPC value is not greater than 1 (dimensionless).

C = Activity concentration of each detectable gamma-emitting radionuclide "i" in

the mixture (iCi/ml).

MPG1  = As defined previously.

As in the determination of F,= 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 MPC limit for gamma-emitters, Fm,,x is obtained by dividing the discharge tunnel flow,

Fd, by DFwnf 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,

Fn, [zs= Fd / DFmny

Where:

F,.y = 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).

Fd = The actual or conservative estimate of the flow rate out of the discharge
tunnel (gpm).

The selection of the actual discharge flow rate (F) from the test tanks compared to the

maximum allowable discharge rate based on all radionuclides that are present (F..) and the

maximum allowable discharge rate based on only gamma-emitting radionuclides that are

present (Fm,,) must satisfy the following:

Fm < Fmax * ft < Fmxi * fn
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Where the ft represents an administrative fraction of the maximum allowable discharge flow
from the test tanks. This fraction provides additional margin in meeting MPC 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 alaml/trip
setpoint for the monitor which corresponds to the maximum allowable concentration at the
point of discharge is determined as follows:

Fm x DFd (5-1)

Where:

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

f, The fraction of the total contribution of MPC at the discharge point to
be associated with the test tank effluent pathway, where f2, f3, and f4
are the fractions for the Turbine Building Sump, Steam Generator
Blowdown, and Primary Component Cooling pathways contributions
to the total, respectively (f1+f2+f3+f4 < 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.

5.1.1.2 Liquid Waste Test Tank Monitor Setpoint Example

The radioactivity concentration of each radionuclide, CQ, 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. This setpoint example is based on the following data:

i Ci (PCi/ml) MPCI (PCi/mi)

Cs-134 2.15E-05 9E-06

Cs-137 7.48E-05 2E-05

Co-60 2.56E-05 3E-05

H-3 1.50E-01 3E-03

B.5-4 ODCM Rev. 24



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

2.15E-05 + 7.48E-05 + 2.56E-05 1.50E-01
__ .=_ + + + = 57

m MPC 9E - 06 2E-05 3E-05 3E-03

The release flow rate (F,,1) from the waste test tanks can be set between 10 and 150 gpm. The

cooling water tunnel discharge dilution flow rate (Fd) 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 (Fd)

is taken as 412,000 gpm, the maximum allowable discharge rate (F.,x) is:

_ Fd
DFnz

412,000
~~gpM5 7

= 7228 gpm

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

2.15E-05 7.48E-05 + 2.56E-05
MiF, y /W(O MPC+ + - 7.0

9E-06 2E-05 3E-05

The maximum allowable discharge flow rate (F,,0) considering only gamma emitters is given as:

Fd = 412,000 gpm = 58,857 gpm

With the selected release rate from the test tank set at 150 gpm, and the administrative flow fraction

(fa) assumed in this example to be 0.7, the condition for the control concentration limits is met since:

Fm (equal to 150) < F. (equal to 7228 gpm) x ft (set at 0.7)
< F,,, (equal to 58857 gpm x F., (set at 0.7)

150 < 5060 < 41200

and the monitor response due to the mix of the gamma emitters is:

i Ons (ACUim)

Cs-134 2.15E-05

Cs-137 7.48E-05

Co-60 2.56E-05

C = 1.22E- 04 pCi/ml
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Under these conditions, the alarm/trip setpoint for the liquid radwaste discharge monitor is:

Reward= fx x F x Cyi (5-1)

ACi/ml () () IpCi/ml

= 0.4x 4 12 '0 0 x1.22E-04
150 x7

= 1.92E-02 ,Ci/ml

In this example, the alarm/trip setpoint of the liquid radwaste discharge monitor can be put at

1.92E-02 pCi/mI 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.

The Turbine Building drains liquid effluent monitor provides alarm and automatic

termination of release prior to exceeding the concentration limits specified in IOCFR20,

Appendix B, Table II, 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 10 percent of MPC, as determined by the most recent grab

sample isotopic analysis. If the total activity is less than 10 percent of MPC, the setpoints of

RM-6521 are calculated as follows:

High Trip Monitor
Setpoint (giCi/ml) = f2 (DF') ("unidentified mix MPC" (,uCi/ml)) (5-21)

where:

Circulating water flow rate (gpm)

DF' = Flow rate pass- monitor (gpm)

unidentified mix MPC = most restrictive MPC value (pCi/ml) for an unidentified
mixture or a mixture known not to contain certain
radionuclides as given in IOCFR20, Appendix B, Notes.

2 1 - (f1 + f3 + f4); where the f values are described above.
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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 Trip

Monitor Setpoint = . i (0.25)

(pCihml) Momtor Sepoint

5.1.3 Steam Generator Blowdown Liquid Sarnple 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

MPC for an "unidentified" mixture or a mixture known not to contain certain radionuclides
given in IOCFR20, Appendix B notes.

5.1.4 PCCW Head Tank Rate-of-Change Alarm Setnoint

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:

RC., = lxIl-' * SWF * 1 (5-23)
PCC

(gal) =(cuCi) (gal) ( ml
hr ) ml ) hr

where:

RCt = The setpoint for the PCCW head tank rate-of-change alarm (in gallons per

hour).

lxl S-= The minimum detectable activity level in the Service Water System due to a

PCCW to SWS leak (pCi/ml).

SWF = Service Water System flow rate (in gallons per hour).

PCC = Primary Component Cooling Water measured (decay corrected) gross
radioactivity level (pCi/ml).

B.5-7 ODCM Rev. 24



As an example, assume a PCCW activity concentration of lxlI 5 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: U

RC,, = lxl0-' 1aCi * I.Ox0Igph (l/lx0-5 A)
ml ml

RCs = 1000 gph

As a result, for other PCCW activities, the RC5 ,, which would also relate to a detection of a
minimum service water concentration of lxlO. ± Ci/ml can be found from:

R 1dx0I -xu pCi/milx 1 000 gph (-4
PCC (5-24)PCC

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.

->
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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 pCi/sec) is set by limiting the off-site noble gas dose rate to the total body or to the skin, and
denoted Rsetpint. Rse4,int is the lesser of:

R 588 1 f (5-5)

DFBC

=mrem-eCi-cm3)( pCi-Yyr
yr-pCi-sec mrem-m

and:

Rzn =3,000 - fv (5-6)
DF',

nmrem g Ci-yr
p Ci/sec = (=--) ()

yr nirem-sec

where:

Rib = Response of the monitor at the limiting total body dose rate (AiCi/sec)

500 mrem-.uCi-m

588 = (lE+06) (8.5E-07) yr-pCi-sec

500 = The offsite limiting total body dose rate (mrem/yr) from all release points

IE+06 = Number of pCi per ILCi (pCi/gCi)

8.5E-07 = [X/Q]7, maximum off-site long-term average gamma atmospheric dispersion
factor for primary vent stack releases (sec/M3 )
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DFB, =B Composite total body dose factor (mrem-m3 /pCi-yr)

= X QDFBi (57)

(Qi

= The fraction of the offsite limiting total body dose rate to be
administratively assigned to the plant vent (f, < 1 -fs , 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 (JLCi/sec)

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

Rskn = Response of the monitor at the limiting skin dose rate (ACi/sec)

3,000 = The offsite limiting skin dose rate (mrem/yr)

DF'¢ = Composite skin dose factor (mrem-sec/ACi-yr)

- Q t ~ (5-8)

DF'i(e) = Combined skin dose factor for elevated release point (see Table B.I-I0)
(mrem-sec/ACi-yr)

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.
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This limiting setpoint example is based on the following data (see Table B.1-10 for DFBi(e) and
DF'i(c,)):

i

Xe-138

Kr-87

Kr-88

Kr-85m

Xe-135

Xe-133

Kr-85

Xe-131m

Xe-133m

Xe-135m

Qi

(Ei)
sec

2.52E+02

7.90E+01

1. 15E+02

4.49E+01

6.82E+01

3.23E+02

4.13E+00

1.15E+00

4.67E+01

6.64E+01

DFBi

mrem-m3

pCi- yr

8.83E-03

5.92E-03

1.47E-02

1.17E-03

1.81E-03

2.94E-04

1.61E-05

9.15E-05

2.51E-04

3.12E-03

DF'j()

mrem-sec

,u Ci- yr

1.20E-02

1.38E-02

1.62E-02

2.35E-03

3.33E-03

5.83E-04

1.11 E-03

5.37E-04

1.12E-03

3.74E-03
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FBC Qj DFBI (5-7)

2 Q1 DFB, = (2.52E+02)(8.83E-03) + (7.90E+01)(5.92E-03) + (1.15E+02) (1.47E-02)

+ (4.49E+O1X1.17E-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 (jLCi-mrem-m3/sec-pCi-yr)

= 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.OOE+03 gCi/sec

4.86E+ 00
DFB, 1.00E+ 03

= 4.86E-03 (mrem-m3/pCi-yr)

and therefore:

R,= 588 - f, (5-5)
DFBc

= (588) 1 0.7
(4.86 E- 03)

- 8.47E+04 pCi/sec
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and next;

DF j DF; (5-8)

OQ DF;' = (2.52E+02)(1.20E-02) + (7.90E+01)(1.38E-02) + (1.15E+02) (1.62E-02)

+ (4.49E+01)(2.35E-03) + (6.82E+01)(3.33E-03) + (3.23E+02) (5.83E-04)

+ (4.13E+00)(1.1 lE-03) + (1.15E+00)(5.37E-04) + (4.67E+O1) (1.12E-03)

+ (6.64E+01) (3.74E-03)

= 6.80E+00 (ILCi-mrem-sec/sec-pCi-yr)

6.80E+00
l.OOE + 03

= 6.80E - 03 (mrem - sec/pCi - yr)

and therefore:

R"s = 3,000 f, (5-6)
DF,'

= (3,000) (6.80E -03 .7

= 3.09E+05 pCi/sec

The setpoint, Rs¢"int, is the lesser of Rtb and RPkin. For the limiting noble gas mixture, Rtb is
less than Pkin, 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 pCi/sec above
background, or at some administrative fraction of the above value.
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5.2.2 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 gCi/cm3. This concentration limit, based on system design flow of 1.2
cfm, assures that any release from the waste gas system to the plant vent will not exceed the
site boundary dose rate limits of Part A Control C.7.1.l.a.

5.2.3 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 operational setpoints for the air evacuation monitor are administratively set as small
multiples of the expected background response of the detector to provide operational control
over unexpected changes in the activity discharged from the system. Typically, the alert
setpoint is 1.5 times background, with the high alarm set at 2 times background.

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-cm34LCi, (the AR - 41 response value determined by HPSTID 00-021),
flow rates of 10 to 50 cfm and 10,000 cfm for the normal and hogging modes of operation,
respectively, and assuming that all the response is due to the most restrictive noble gas
mixture associated with fuel gap activity inventory at the end of power operations (same
mixture as used for the limiting mixture for the plant vent Wide Range Gas Monitor setpoint
given in section 5.2.1.2), the following examples illustrate the calculation of the limiting
setpoint for different operational conditions.
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Case 1: For start-up operations (i.e., 10,000 cfm hogging flow to the Turbine Building
roof), the maximum allowable alarm setpoint is calculated as:

RAE = 147 1 fg fgland
DFBc

where:

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

500 (mrem - uCi - m3

(IE + 06) (3.4E - 06) yr - pCi - sec

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

IE+06 = Number of pCi per uCi (pCi/uCi)

3.4E-06 = Maximum off-site long-term average gamma atmospheric dispersion
factor for ground level releases (sec/m2 )

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)

fg = 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 (fQ)
and ground fraction (fg) is less than or equal to 1 (fg < I - fr).

fgland = 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
RAE147 (0.3) (0.7)

4.86E - 03

= 6.36E+03 uCi/sec release rate limit

and for the 10,000 cfm (4.72E+06 cm3 /sec) exhaust flow, the count rate response of the air

evacuation monitor would be:

Monitor Response R AE 1.87E + 08 cpm-cm3/uCi
4.72E + 06cm3 ' sec

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

= 2.520E + 05 cpm
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Case 2: As an extension of Case I which assumed the full startup hogging flow was
released to the Turbine Building roof, maintenance requirements could direct
normal operating main condenser offgas flow (assume 50 cfm or equivalent
2.36E+04 cm3/sec) to the Turbine Building Roof (ground level release point)
instead of the elevated main plant vent. In this situation, the same release rate
limit as calculated above (i.e., 6.36E+03 uCi/sec) would apply. However, the
reduced gas flow from 10,000 cfm down to 50 cfm would permit a higher alarm
setpoint to be used.

Monitor Response = RAE 1.87E + 08 cpm-cm3/uCi
2.36E + 04cm3, 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:

RAE =588 - f f9I~d
DFBc

where:

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

588 500 (mrem-uCi- M3
(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/m2 )

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)

fglnd = Same as listed above (i.e., 0.7)

fv = 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 (fv) and ground fraction (fg) is less than or equal to I
(f, < 1 - f). 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., fg = 0), and f, maybe set at 1.

=AE588 1 0.7
4.86E - 03

- 8.47E+04 uCi/sec release rate limit
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and for the 50 cfhin (2.36E+06 cm3/sec) Main Condenser offgas exhaust flow, the count rate

response of the air evacuation monitor would be:

Monitor Response = RAE 1.87E + 08 cpm-cm3 /uCi
2.36E + 06cm3 i sec

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

= 6.71E+08cpm

The operation of the Main Condenser Evacuation System assumes 670 lbsihour of steam

flow through the Turbine Gland Seal Condenser exhaust (very small fraction of total steam

flow), 1.5E+07 lbs./hour steam flow to the main condenser, and that the Turbine Gland Seal

Condenser exhaust mostly air at a flow rate of 1,800 cfm which goes directly to the Turbine

Building Vents (does not pass RM-6505). The main condenser offgas which goes past the Air

Evacuation monitor during power operations is combined with other plant ventilation and

process gas streams before being monitored by the WRGM and discharged to the atmosphere
via the Plant Vent as a single release point.

The maximum allowable setpoints during startup and normal power operations may be

recalculated based on identified changes in detector efficiency, discharge flow rate,
radionuclide mix distribution, or administrative apportionment of potential contributions
from the plant vent and ground level release points following the methods identified in

Part-B, Section 8.5.
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6.0 LIQUID AND GASEOUS EFFLUENT STREAMS, RADIATION MONITORS AND
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 BASES FOR DOSE CALCULATION METHODS

7.1 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 H-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 lOCFR50, Appendix I Subsection IH 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" (1 OCFR50, 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 I. Method II allows that actual individuals, associated with identifiable exposure
pathways, be taken into account for any given release. In fact, Method I was based on a Method
II analysis for a critical receptor assuming all principal pathways present instead of any real
individual. That analysis was called the "base case;" it was then reduced to form Method I. The
general equations used in the base case analysis are also used as the starting point in Method II
evaluations. The base case, the method of reduction, and the 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,b (mrem/nCi)] 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 f 3/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 lOF
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 H
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 IOCFR5O, Appendix L. Section 1T.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 L

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 I 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 I dilution in the near mixing zone associated with the 1 degree isotherm, has been verified
by physical model tests (reference "Hydrothermal Studies of Bifurcated Diffuser Nozzles and
Thermal Backwashing - Seabrook Station," Alden Research Laboratories, July 1977).

During shutdown periods, when the plant only requires service water cooling flow, the high
velocity jet mixing created by the normal circulating water flow at the diffuser nozzles is
reduced. However, mixing within the discharge tunnel water volume is significantly increased
(factor of about 5) due to the long transit time (approximately 50 hours) for batch waste
discharged from the plant to travel the three miles through the 19-foot diameter tunnels to the
diffuser nozzles. Additional mixing of the thermally buoyant effluent in the near field mixing
zone assures that an equivalent overall 10 to 1 dilution occurs by the time the plume reaches the
ocean surface.
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The dose assessment models utilized in the ODCM are taken from NRC Regulatory Guide 1.109.

The liquid pathway equations include a parameter (Mp) 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 I aquatic food pathway dose calculations shall
conservatively assume credit for prompt dilution only with an Mp = 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 I to 1OCFR50,
Seabrook has determine site-specific mixing ratios which factor in its plant design.
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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.

7.1.1 Dose to the Total Body

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

ADf, = kQj DFLIb

(mrem) ( (PCi) P (7-1)

where:

DFL, = Site-specific total body dose factor (mremn/gCi) for a liquid release. It is the
highest ofthe four age groups. See Table B.1-1 1.

Q = Total activity (jLCi) released for radionuclide "i".

k = 918/Fd (dimensionless); where Fd is the average dilution flow of the Circulating
Water System at the point of discharge from the multiport diffuser (in ft3/sec).

Method I is more conservative than Method II in the region of the Part A dose limits because the
dose factors DFLs, 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.

7.1.2 Dose to the Critical Oraan

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 (mremlliCi) was determined for each of seven organs and
four age groups. The largest of these was chosen to be the maximum organ dose factor (DFLimo)
for that radionuclide. DFLII. 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:

AD,, = k Qi DFL,,

(mrem) () (,Ci) () m ) (7-2)
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where:

DFLfO = Site-specific maximum organ dose factor (mrem/pCi) for a liquid release. See
Table B.I-I 1.

= Total activity (VCi) released for radionuclide "i".

k = 918/Fd (dimensionless); where Fd is the average dilution flow of the Circulating
Water System at the point of discharge from the multiport diffuser (in ft 3/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 SWIMMG** BOATING**
VEG. WATER

(KG/YR) (KG/YR) (LITERIYR) (KG/YR) (KG/YR) (KG/YR) (LITER/YR) (HR/YR) (HR/YR) (HRIYR)

Adult 0.00 0.00 0.00 0.00 21.00 5.00 0.00 334.00*** 8.00 52.00

Teen 000 0.00 0.00 0.00 16.00 3.80 0.00 67.00 45.00 52.00

Child 000 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

* 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 I users, and (3) to identify the general equations, parameters

and approaches to Method H1-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:

15a=IE+06[X/Q]r O jDFB1  (7-3)

(mremn ( pCi '(sec)(PCi )(mrem-m3)

yr ) yCi)(m')1 sec pCi-yr

where:

[X/Q]r = Maximum off-site receptor location long-term average gamma atmospheric

dispersion factor.

Q = Release rate to the environment of noble gas "i" (pCi/sec).

( m- .3'

DFB1  = Gamma total body dose factor, (pCin mr. See Table B.1-10. (Regulatory

Guide 1.109, Table B-l).

Elevated and ground level gaseous effluent release points are addressed separately through the

use of specific [X/JQ] For an elevated gaseous effluent release point and off-site receptor,

Equation 7-3 takes the form:

DI(e) = (1 E+ 06) (8.5 E- 07) *(Q*DFBI)

(mremr ( pCi l (sec) m* ci mrem- m 3

yr Foci) tim3 ) I sec pCi-yr
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which reduces to:

(3-3a)
0.85 X(Q*DFB)

rem) sec p pCi-yr)(' (4CiJ* remJ

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

form:

= (l E+ 06) * (3.4E- 06) *X( 1 *DFB 1 )

which reduces to:

(3-3b)
Df)6=3.4*(Qi*DFBi)

(mrem = (pCi- sec (Ci *(mrem-m)
t yr Jsec) pCi-yr )

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in the derived
Method L, 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-I0 should be considered.

A Method fi analysis could include the use of actual concurrent meteorology to assess the dose
rates as the result of a specific release.

7.2.2 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 fl-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:

Ds = 1.11 Dr¢ + 3.17 E+ 04 O (1 [XIQ] DFSj (7-4)

(mrem =(mrem) mrad (pCi-yr) Ci (sec) mrem-M 3)

yr mrad yr Ci-secyr pCi-yr

where:

1.11 = Average ratio of tissue to air absorption coefficients (will convert mrad in air to
mrem in tissue).

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

= 3.17E+04 Q[X/Q]DF[r (7-5)

ia (pCi-yr) (Ci) (sec (mnrad-m3)

yr )(Ci-sec J yr m3 Jpci-yr )

DFTr = Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i".

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

Dyt= Dag [X/QT/[X/Q] (7-6)

mrad( nrad)( SeC)

yr yr ); 3  sec)

and

Q = 31.54 Qj (7-7)

(ci) ( ci-yr)( seciCi) =(Ci-sec ()4Ci)
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so:

j5 =1.11 IE+06 [>Qj' Y O * DF( (7-8)

(Mrem) =(Mre) (pCi) (SeC)( ('Ci)Mradm3

(pCi )(sec) (pci) nrem- m3

Ci)k m3 Jsec J pCi- yr )

Substituting atmospheric dispersion factors for an elevated gaseous effluent release point, Equation 7-8

takes the following form:

D = [I. II * IE+06 * 8.5 E-07*( DFjY)]+[IE+06*8.2E-07 DFSj)]

which yields:

Dsl.) = [0-94 * DFjI)] + [0.82 z (Q1 * DFSj)]

(pCi- sec-mrem (uCi*mrem-m )+ pCi-sec ('Ci mrem- m3 (7-9a)
yr /j Ci-m 3 -nmrad sec pCi-yr f Ci-m sec pCi-yr

defining:

DFjp) = 0.94 DFr + 0.82 DFSI (7-lOa)

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

Dsk*) = j Q; * ) (3-4a)

(mrem)'= ( Ci * mrem-sec;
yr) sec pCi-yr )

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

D 1 =[.11 *1E+ 06 * 3.4E- 06 * Z(Q; * DFI)] +[1E+ 06*1.0E- 05 * (Q * DFS)]
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which yields:

D5 ),i = [3.8 (Q * DFID)] + [10 E (Qj * DFSi)] (7-9b)
I i

=ZQ[3.8DFir+lODFSid

defining:

DFiw = 3.8 DFrY + 10 DFS& (7-lOb)

Then the off-site skin dose rate equation for ground level gaseous effluent release points is:

Dd5ux) =Qj * DFi. (3-4b)

The selection of critical receptor, outlined in Part B, Section 7.3, is inherent in the derived
Method I, as it is based on the determined maximum expected off-site atmospheric dispersion
factors. All noble gases in Table B.l-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 U 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 I 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 co 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 p±Ci/sec:

= 3.15 E+ 07 *I (Q *DFGk,)

(mremr (secj) (iCiJ* mEL=
y yr) sec) ,Ci)
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Equation 7-12 is rewritten in the form:

D=(Q;*DFGj'i)

(mrem) ('UCi )*(ref-Sec) (7-12a)
yr sec , Ci-yr

where:

(7-13)
DFGiO = 3.154 E+ 07 *DFGi,.

(mrem-sec (sec)*( mrem

p jtCi- yr ) yr a uCi

The dose conversion factor, DFGi,,, has been developed for both elevated gaseous effluent
release points and ground level gaseous effluent release points (DFGic*) and DFG1j.W),
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'i|o(e) and DFG'icg)) 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)
Das) = z (Qj * DFG )) (35)a

mrem (l ci *mrem- sec)
yre (c * Ci- yr

For an off-site receptor and ground level effluent release point, the critical organ dose rate

equation is:

D = Z (Q * DFGI) (3-5b)

(mrem > (,#Ci mrem-sec

yr ) sc uCi- yr

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in Method I, as are
the expected atmospheric dispersion factors.
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In accordance with the Basis Statement 3/4.11.2.1 in NUREG-0472, and the base's section for the

organ dose rate limit given for Part A Control C.7.1.1 a Method II dose rate calculation, for

compliance purposes, can be based on restricting the inhalation pathway to a child's 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 II calculation.

7.2.4 Gamnma 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 11-type dose assessments.

Method I may be used to show that the Part A Control C.7.2.1 which limits off-site gamma air

dose from gaseous effluents has been met for releases over appropriate periods. This Part A

Control is based on the objective in 1OCFR50, 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 Drfini, = DI [X/Q] r 7[X/Q]:

AD' = 3.17E+4 [X/Q1 zQ DFr

(mrad) = (C ) ( C) () (7-14)
Ci - sec m pCi - yr

where:

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

[X/Q] 7 = Annual average gamma atmospheric dispersion factor for the receptor location of

interest.

Q= Number of curies of noble gas "i" released.

DFr; = Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i".

Incorporating a unitless release duration adjustment term to (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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Vr = 3.17E-02*[x/QL *t-a*E (Q* DFr)

(mrad) (pCi-yi-yr (se) E Pu nirad r (3-6)
FuCi -sec) rr J P p- yr)

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

DWC) =3.17E-02*[1.0E-05]*t4"5*2 (Q, * DF[)

which leads to:

DY) =3.2E- 07* t4n*Y5 (Q1 * DFiY) (3-6a)

{ pCi-yr ) ( ______

(mrad) = (pCi m3J* X * Ti-r )lFp~p i-yr

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

DW =3.17E-02*[4.9E-05]*t4293*E (Qj*DFTl)

which leads to:

DrI' =1I.6E- 06 * t4.9* Z (Q * DFir) (3-6b)

(mrad) (pCiyr * ( mrad r)

The major difference between Method I and Method II is that Method H 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 lOCFR50, Appendix L 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:

ADaA = 3.17E-02*X/Q (Q. DFf) (7-15)

(mirad) pCi- * (3) ( ) i (n d -m3J)
pCi - sec m3 C R 24
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where:

DF° = Beta air dose factors for a uniform semi-infinite cloud of radionuclide "i".

Incorporating the term tt into Equation 7-15 leads to:

D° = 3.17E-02*X/Qjhr tV *t (Q. * DFf) (3-7)

(mrad) = (pCi - ) *( * ( ) PC, * )
,uCi -sec m) pCi - yr

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

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

DOWe) = 3.17E-02 * 1.3E-05 * t03 * (Q. * DFf)

(mrad) = (- ) * ( )*( )* I ,
juCi -sec (m pCi - yr

which leads to:

= 4.1E-07 *t-03 * E (Q. * DF°) (3-7a)

(mrad) = (Cir) *( ) (Ci * mradM3)

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

= 3.17E-02 * l.9E-04 * t-0319 * ( * DFP)

(Mad) = pCi - y f sec ( ) mrad -_m3
pCi - see In pCi - yr

B.7-15 ODCM Rev. 24



which leads to:

= 6.OE-06*t 3 19 s E: (Qi * DFf') (3-7b)

(a) -pCi ) ( ) (AC pCi yrd )

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 11-type dose assessments.

Method I may be used to show that the Part A Controls which limit off-site organ dose from
gases (C.7.3.1 and C.8.1.1) have been met for releases over the appropriate periods. Part A
Control C.7.3.1 is based on the ALARA objectives in IOCFR50, Appendix L Subsection II C.
Part A Control C.8.1.1 is based on Environmental Standards for Uranium Fuel Cycle in
40CFRI90, 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" (lOCFR50, Appendix 1). 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 HI 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
HI analysis of a critical receptor assuming all pathways present That analysis was called the
"base case"; it was then reduced to form Method L 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 DFGjCO (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 C4 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:

A Di. = QiDFGiO (7-16)

where DFGi is the critical dose factor for radionuclide "i" and Qi 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:

D. = (X/Q)d'P /(X/Q)dr' * t * Z (Q * DFGi) (3-8)

(s-(sec)/sc rl (.mrern
mrem = Ci Ci

Substituting specific values associated with the maximum off-site receptor location and elevated

release condition yields:

D~.) = (1 .12 E- 05)1(7.55 E- 07) * t42 '7 
* I (Q * DFGic*(.))

which reduces to:

D.o(e) = 14.8 * t 4-297 *(Qj * DFGi*e)) (3-8a)
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For the maximum off-site receptor location and ground-level release conditions, the equation is:

D.,xz) -- (1.71 E- 04) /(9.64 E- 06)* 4'*2 (Qi * DFGkcog))

which reduces to:

DoW = 17.7 * tf" * " (Q1 * DFGi,(X) (3-8b)

7.2.7 Special Receptor Gaseous Release Dose Calculations

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.

7.2.7.1 Total Body Dose Rate from Noble Gases

Method I was derived from Regulatory Guide 1.109 as follows:

Do=1E+06[X/Qyy E DFBi (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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Science & Nature Center - 12.5 hrs/yr~" = 0.0014
8760hrs/yr

The "Rocks" - 8760 = 0.0076

substituting in the annual average gamma X/Qs:

[X/Q] 7 = 1.IE-06 sec/M3 (Science & Nature Center) for primary vent stack releases.

= 5.3E-06 sec/M3 (Science & Nature Center) for ground level releases.

= 5.OE-06 sec/M3 (The "Rocks") for primary vent stack releases.

= 2.6E-05 sec/M3 (The "Rocks") for ground level releases.

and multiplying by:

OF = 0.0014 (Science & Nature Center)

=0.0076 (The "Rocks")

gives:

Db.)=0.0015 * (Q. * DFBj) (mrem/yr) (3-3c)

bbEw = 0.0074 * E (Q; *DFB1) (mrem/yr) (3-3d)

DtbR(e) = 0.038 * E (Q * DFB;) (mren/yr) (3-3e)

bDfbR) = 0.2 * E (Q * DFB;) (mrem/yr) (3-3f)

where:

D*E(e),D) f) , b DbR(9)' and -) MW 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 (e) and ground level (g)
release,

'" Taken from Seabrook Station Technical Specifications (Figure 5.1-1).
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Q and DFB, are as defined previously.

7.2.7.2 Skin Dose Rate from Noble Gases

Method I was derived from Equation (7-8):

f)ski." 1.11I IE +06 [X/QY 2: Q. DFYI + (7-8)

IE+06X/Q FQiDFS1

substituting in the annual average gamma X/Qs:

[X/QIT = 1.I E-06 sec/m 3 (Science & Nature Center) for primary vent stack releases.

= 5.3E-06 sec/M3 (Science & Nature Center) for ground level release points.

= 5.OE-06 sec/M3 (The "Rocks") for primary vent stack releases.

= 2.6E-05 sec/m3 (The "Rocks") for ground level release points.

and the annual average undepleted X/Qs:

X/Q = 1.6E-06 sec/m3 (Science & Nature Center) for primary vent stack releases.

= 2.3E-05 sec/M3 (Science & Nature Center) for ground level release points.

= 1.7E-05 sec/m3 (The "Rocks") for primary vent stack releases.

= 1.6E-04 sec/M3 (The "Rocks") for ground level release points.

and multiplying by

OF = 0.0014 (Science & Nature Center)

= 0.0076 (The "Rocks")

gives:

DsknE(.) = 0.0014 E Q [1.22 DFir + 1.60 DFSj ] for an elevated release point.

Daube = 0.0014 E [5.88 DFr + 23 DFSj ] for a ground level release point.

Dskinl^e) = 0.0076 E Q [5.55 DFr + 17.0 DFSj ] for an elevated release point.

=0.0076 E Q, [28.9 DFi + 160 DFSj] for a ground level release point.
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and the equations can be written:

DsknE(e) =0.0014* (Qj * DFE.)) (3-4c)

= 0.00 14 * E (Q * DF()) (3-4d)

DsaknR(e) = 0.0076* E (QO * DFlip*)) (3-4e)

Dicinj~g = 0.0076 * E (Q * DF jz) (3-4f)

where:

D~f) sk,) D,, sEW> bsue) and D R = 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,

= defined previously, and

DF;Ee),DF,,,DFj, ), and DFjR,) = the combined skin dose factors for radionuclide

"i" for the Science & Nature Center and the
"Rocks", respectively, for elevated (e) and
ground level (g) release points (see
Table B.1-13).

7.2.7.3 Critical Ornan Dose Rate from Todines. Tritium and Particulates with Half-Lives Greater Than
Eight Days

The equations for D,5 are derived in the same manner as in Part B, Section 7.2.2, except that

the occupancy factors are also included. Therefore:

ICOE(C) = 0.0014 * * (C.. DFGLC,), ) for an elevated release. (3-5c)

fcoW =0.00l4*XE(O1 * DFG'Es) for a ground level release. (3-5d)

DcoR~e) = 0-0076 * E (Q;* DFGLORI()) for an elevated release. (3-Se)

i
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where:

DCOEe) I DoE D lcOean) D I5R = the critical organ dose rates (mrem/yr) to an
individual at the Science & Nature Center and
the "Rocks", respectively, due to iodine,
tritium, and particulates in elevated (e) and
ground level (g) releases,

= as defined previously, and

DFG'e, DFG ,DFG'R,), and DFG'R, = 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.I-15).

7.2.7.4 Gamma Dose to Air from Noble Gases

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

D 3.177E-02*[X/Q1l *t- *(Q *DFIT) (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:

Di,Ee) = 3.17 E- 02 *l.lE- 05 t- 22* 0.00 14*E (Q1 * DFrY)

which reduces to:

Dt E(e) = 4.9E-10* t-252 * E (Q * DFr) (3-6c)

(mrad)(PCi- 3*( )*0(* Ci* miradM3
''t U Ci- n3 ) pCi- yr)

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

D'=3.1 7E-02*L.0E-04t43" *0.0014*(Qj*DFI)
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which reduces to:

Dr =4.4E-O9*t032 *1 (Q,*DFr) (3-6d)

(mrad) = (PC )* ) * J(ci* nra- M3 )

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

Dr =3.17E-02*2.1E-05*t 55 * 0.0076 *(Q *DFY)

which reduces to:

Dr) =5. 1E-09*t-155 *X(Qj*DFR) (3-6e)

(m ad = >)(pCi-yr )(r(mrad) .. {UCi_ 3J* ~ m y

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

Dir~ = 3.17 E- 02 * 1.7 E- 04 t02 4 * 0.0076 (Qj * DFr)

which reduces to:

Dr=4.1E-O8*tA *X(Q* DFr) (3-6f)

(nmrad) - (Yl phi- m ra )

7.2.7.5 Beta Dose to Air from Noble Gases

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

DL =3.17E-02*X/Qp'*ta *(Q *DFP) (3-7)

where all terms in the equation are as defined in Part B, Section 7.2.5.
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Incorporating the specific OF and atmospheric dispersion factor for elevated releases into
Equation 3-7 yields the following beta dose equation for the Science & Nature Center:

DP re, =3.17E-02*4.OE-05*t-o *0.0014*E(Q*DFP)

which reduces to:

Dte =1.8E- 09 * t35 *E(Q1 *DFiP) (3-7c)

(mrad) PCiYr 3  ( )*(p C* id- )

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

DOirft) = 3.17 E- 02 * 5.5 E- 04 * tJ34' * 0.0014 * (Q * DF)

which reduces to:

DLEW = 2.4E- 08 * t34 7 *E(Q*DFP) (3-7d)

(mnrad)= pC.- Yr 30 UCi * mra )M
,l -Ci- M pCT yr

Incorporating the specific OF and atmospheric dispersion factors for the

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

Dafli,4,) = 3.17 E- 02 * 1.6 E- 04 * tV0 249 * 0.0076 (Q; * DFP)

which reduces to:

DLR.) = 3.9E- 08* t-249 * (Q; *DFie) (3-7e)

(mrad)= pc. yr,* )*:(Ci* . )
-U C -m pMW

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

DaO = 3.17E- 02 * 1.9E- 03 * tl267 * 0.0076 *(Q * DFR)
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which reduces to:

DucsRt = 4.6E- 07 * t0267 * E (Qj * DFRI) (3-7f)

(mmd) (:inJ()*(C mrad-mJ
(p d=(lCi_ M3) ()Sf 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:

D (X/Q)d*/(XIQ)'*t *OF* (Q*DFGi,.)

(Inrem)=(sec)/(!3)*( u Ci mre)

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

produces the equation:

Dco.e) = (3.72 E- 05) /(1.56EE- 06) * t4349 * 0.0014 * F (Q * DFGi.E(.))
i

which reduces to:

D.E(e) = 3.3E- 02 * t 4
3

9 
* 2 (Q * DFGi. E(.)) (3-8c)

(mrem)=( ) ( )* uCi* mrm)

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

D =E(= (5.21 E- 04)/(2.23E- 05) * t347 *0.0014* *X(Qj*DFGi.E(z))

which reduces to:

DEw= 3.3E- 02 * t-0 347 * (Q; * DFGioE() (3-8d)

(mrem) =( ) * ( ) *: Uci * mrim)
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The specific Critical Organ Dose equation for a receptor at the "Rocks" under elevated release conditions

is:

DcoRc) = (1.541E- 04)/(1.61 E- 05) * t0.48 * 0.0076 * E (Q * DFGi.o R())

which reduces to:

D.R(.) = 7.3 E- 02 * t * 0 (Qi * DFGicoR(e)) (3-8e)

(nuem)=( )*( C,* me)

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

DODRw = (1.80E- 03)/(1.59 E- 04) * * 0.0076* (Q, * DFGi.RO)

which reduces to:

=8.6 E- 02 * t - * 7 (Q, *DFGi.RW) (3-81)

(mrem)=( ) * ( z ci ,

The special receptor equations can be applied under the following conditions (otherwise,

justify Method I or consider Method II):

1. Normal operations (nonemergency event).

2. Applicable radionuclide releases via the station vents to the atmosphere.

If Method I cannot be applied, or if the Method I dose exceeds this limit, or if a more refined
calculation is required, then Method 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 (KgM 2) 2. 2. 0.70 2. 0.70 2. 0.70 2

P Soil Surface Density (KgM 2 ) 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(2) 0.50 0.50 0.50

FS Fraction Pasture when on Pasture(3) 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(4) (gm/mi3) .

Regulatory Guide 1.109, Rev. I
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Table B.7-2
Environmental Parameters for Gaseous Effluents at Seabrook Station

Notes:

For Method 1I 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/m3) 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 Pathwavs at Seabrook Station

(from Reference A, Table E-5)

Maximum Receptor:

Age

Group

Adult

Teen

Child

Infant

Vegetables

(kg/yr)

520.00

630.00

520.00

0.00

Leaf

Vegetables

(kg/yr)

64.00

42.00

26.00

0.00

Milk

(l/yr)

310.00

400.00

330.00

330.00

Meat

(kg/yr)

110.00

65.00

41.00

0.00

Inhalation

(m3/yr)

8000.00

8000.00

3700.00

1400.00

The "Rocks" and Science & Nature Center:

Age

GrOap

Adult

Teen

Child

Infant

Vegetables

(kg/yr)

0.00

0.00

0.00

0.00

Leao

Vegetables

(kg/yr)

0.00

0.00

0.00

0.00

Milk

(l/yr)

0.00

0.00

0.00

0.00

Meat

(kglyr)

0.00

0.00

0.00

0.00

Inhalation

(m3/yr)

8000.00

8000.00

3700.00

1400.00

Regulatory Guide 1.109
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7.3 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.

7.3.1 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 XIQ 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.

7.3.2 Seabrook Station Atmospheric Dispersion Model

The time average atmospheric dispersion factors for use in both Method I and Method II are
computed for routine releases using the AEOLUS-2 Computer Code (Reference B).
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AEOLUS-2 produces the following average atmospheric dispersion factors for each location:

1. Undepleted X/Q dispersion factors for evaluating ground level concentrations of noble
gases;

2. Depleted X/Q dispersion factors for 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/Qi]
(Reference B, Section 6), and the replacement of X/Q in infinite cloud dose equations by the
[X/Q7].

7.3.3 Average Atmoseheric Dispersion Factors for Receptors

The calculation of Method I and Method I 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 I 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).

Meteorolovical 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.74

Seabrook Station Long-Term Average Dispersion Factors

Primary Vent Stack

Dose Rate to Individual Dose to Air Dose to
Critical

Organ

Total Skin Critical Gamma Beta Thyroid

Body Organ
-

X(Q depleted (-3 ) - 7.5E-07 7.5E-07

(sec'- 8.2E-07 -- 8.2E-07-
X/Q undepleted sec _ _2 .

D/Q ( _ 1.5E-08*- 1.5E-08

(sec) 8.5E-07 8.5E-07 8.5E-07 .
X/QY 3-~

*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)

X/Q depleted ( m) - - 1.5E-06 1.5E-06

(sec'- 1.6E-06 -- 1.6E-0
X/Q undepleted 160 .

(- - 2.7E-08 _

X/Q, (se& 1.lE-06 l.lE-06 l.lE-06

The 'Rocks":

(ENE - 244 meters)

XIQ depleted - - 1.6E-05 1 .6E-05

X/Q undepleted 1.7E-05 1.7E-05

D/Q l.1E-07

DIQ5

X /QI e' 5.OE-06 5.OE-06 - 5.OE-06 -
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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 CHI1Q, sec/m 3  1.6 x 104 2.3 x 10 5 1.0 x 10-5

(244m ENE) (406m SW) (823m W)

Depleted CHI/Q, sec/M3  1.5 x 104 2.1 x 10-5 9.6 x 10I

(244m. ENE) (406m SW) (823m W)

D/Q, m2 5.1 x IC- 1.0Ox 10-7 5.1 x lo-,

(244m ENE) (406m SW) (823m W)

Gamma CHIt/Q, sec/M3  2.6 x I0-5 5.3 x 106 3.4 x 10I

(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 BASES FOR LIQUID AND GASEOUS MONITOR SETPOINTS

8.1 Basis for the Liquid Waste Test Tank Monitor Setpoint

The liquid waste test tank monitor setpoint must ensure that the limits of Part A Control C.5.1
are not exceeded in combination with any other site discharge pathways. The liquid waste test
tank monitor is placed upstream of the major source of dilution flow.

The derivation of Equation 5-1 begins with the general equation for the response of a radiation
monitor:

R = Cy, Sl; (8-1)

pSj (PmL) (cps-ml

where:

R = Response of the monitor to radioactivity (cps).

Sli = Detector counting efficiency for radionuclide "i" (cps/(jCi/ml)).

Cl1  = Activity concentration of each gamma emitting radionuclide "i" in the mixture that
the monitor has a response efficiency sufficient to detect (AlCi/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 SI for Slb, where SI is the detector
counting efficiency determined from the calibration procedure. Therefore, Equation 8-1
becomes:

R = S 1  C,, (8-2)

s) (cps-ml (PCi)
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The MPC for a given radionuclide must not be exceeded at the point of discharge to the
environment. When a mixture of radionuclides is present, I OCFR20 specifies that the
concentration (excluding dissolved and entrained noble gases) at the point of discharge
shall be limited as follows:

Cd; •1 (8-3)
MPC;

where:

Cdi = Activity concentration of radionuclide "i" determined to be present in the mixture at
the point of discharge to the environment (.iCi/ml).

MPCI = The maximum permissible concentration (pCi/ml) for radionuclide "i" from
1OCFR20, Appendix B, Table II, Column 2 for all radionuclides except noble gases.
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:

Cdi= F (Cy, + Cp6)
Fd

(PCZ (gpm) (,PCi)
V l) tgpm t ml

and with equivalence of C, = (Cy, + Cj31), Equation 84 can be written as

Fm
Fd

where:

Fm = Flow rate past monitor (gpm)

Fd = Flow rate out of discharge tunnel (gpm)

Cfi = Activity concentration of non gamma emitting radionuclide "i" in the mixture at the
monitor for which the monitor response is inefficient to detect (PCi/ml).

C; = 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 Cd; in Equation 8-3, and solving for Fd/Fm yields

the dilution factor needed to complete Equation 8-3:

Fd ' C; (8-5)

(g~m (Po -ml'

gpm) ml-sCi)

where:

MPC1 = The maximum permissible concentration (lVCi/ml) for radionuclide "i" from
IOCFR20, Appendix B, Table II, Column 2 for radionuclides, except dissolved and

entrained noble gases. For noble gases, a value of 2E-04 piCi/ml is used for the
limit of the sum of noble gases in the waste stream.

If Fd/Fm is less than DFmn, then the tank may not be discharged until either Fd or Fm or both are

adjusted such that:

DF. F (8-5)
F.

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

Fu - Fd
DFmm

Usually Fd/Fm is greater than DPan (i.e., 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:

Rpoint= fi x Fd x SI CY1
F. X DFm

(cps) ( ) ( ) (cps-ml)(Ci (8-6)

or with F,. substituted into Equation 8-6 for the maximum allowable discharge flow rate

(Fd '(DFd ), the setpoint equation can be stated also as:

RDoo = fl x Fmax x Si
Fm
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where fl is equal to the fraction of the total concentration of MPC 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 four liquid discharge pathways is equal to or less than one (fl + f2 + f3 + fi ' 1).

The monitoring system is designed to incorporate the detector efficiency, Si, into its software.
This results in an automatic readout in pCi/ml or pCi/cc for the monitor response. Since the

conversion for changing cps to pCi/ml is inherently done by the system software, the monitor
response setpoint can be calculated in terms of the total waste test tank activity concentration in

gCi/mi determined by the laboratory analysis. Therefore, the setpoint calculation for the liquid

waste test tank is:

R f, x Fd x 2 Cyj (5-1)
( x DF)(l

ml ) (
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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. La 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= ESX C m (8-7)

(cpm)= ( cicm (Cim)

where:

R = Response of the instrument (cpm)

Si = Detector counting efficiency for noble gas "i" (cpml(pCi/cm 3 ))

C = Activity concentration of noble gas "i" in the mixture at the noble gas activity
monitor (giCi/cm 3 )

C., the activity concentration of noble gas "i" at the noble gas activity monitor, may be expressed in

terms of Q3 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.

C . 1 = Oi 1 (8-8)
F

."Ci) (PCi) (sec)

cm3 ) rs-c J tm
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 Cmi yields:

R = ZSgi Qi _ 
(8-9)

F

(cpm-cm3 (PCi2 :)
(p) pCi )c aJtm3
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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:

R= S. I Q. (8-10)

(cpm-cCpM _ CM3 ) PCi)
(cpm) = (cPCm3J cm3 )(sec )

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

D,)= 0.85 * E(Q. * DFB;) (3-3a)

- pCi -sec) (PCi) 'mrem-m3J
yr (I3 rsec pCi-yr

where:

Dle) = Total body dose rate (nrem/yr)

0.85 = (1.OE+06) x (8.5E-07) (pCi-sec/pCi-m 3)

IE+06 = Number of pCi per pCi (pCi/pCi)

8.5E-07 = [X/Q]T, maximum off-site average gamma atmospheric dispersion factor
(sec/M3 ) for primary vent stack releases

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

DFBi = Total body dose factor (see Table B.l-I0) (mrem-m3/pCi-yr)
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A composite total body gamma dose factor, DFBc, may be defined such that:

DFBC 1Qi

mrem -m3

pCi - yr

= J:Qj DFB1 (8-11)

(sec)

=(yi) (mremj-m3

( sec ) ( pCi - yr)

Solving Equation 8-11 for DFBC yields:

ZQ 1jDFB,

DFBc= i
Ei

(5-7)

Part A Control C.7.1.1.a limits the dose rate to the total body from noble gases at any location at

or beyond the site boundary to 500 mrem/yr. By setfing fbequal to 500 mrem/yr and

substituting DFBC for DFB; in Equation 3-3, one may solve for I Q. at the limiting whole body

noble gas dose rate:

Zoi = 588
I

DFBC
(8-12)

(Ci) = mrem- Xi - In 3 pCi -yr)
(seQec ( yr -pCi-sec) (mrem-m3

Substituting this result for _ Qj in Equation 8-10 yields R.,, the response of the monitor at the

limiting noble gas total body dose rate:

Rb = 588 S.
1
F

1
DFBr

(8-13)

(CPM)= (MreMUCim3)

,. yr - pCi - sec)

cpm - cm3

,Uci

( sec '

( cm3)
pCi -yr )

(mrem - m3 )
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The skin dose rate due to noble gases is determined with Equation 3-4a:

Dsk~e) = (Q; * DFKe))

mrem = c mrem -sec)

yr ~ sec), Xpi- Yr)
where:

Dskix(e) = Skin dose rate (mrem/yr)

i= As defined above.

DFj (.)= Combined skin dose factor (see Table B.1-10) (mrem-sec/plCi-yr)

A composite combined skin dose factor, DF'c, may be defined such that:

DFC * XQi = E (Q * DF;(0))
i i

(3-4a)

(8-14)

(mrem-sec) (pCiJ

X ui - yr J t sec J

Solving Equation 8-14 for DF'c yields:

XQjDrI (.)

Qi

(,P1) Cmrern - sec

p Ci - yr)

(5-8)
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Part A Control C.7. 1. .a limits the dose rate to the skin from noble gases at any location at or
beyond the site boundary to 3,000 mrem/yr. By setting ,ki,, equal to 3,000 mrem/yr and

substituting DF'C for DF'i in Equation 3-4 one may solve forQ at the limiting skin noble gas

dose rate:

3,000 D (8-15)
DF'

(PCi) (mrem)( pCi - yr
sec . yr mrem -sec

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

noble gas skin dose rate:

R," = 3,000 S DF'

(cpm) (mrem )(cPM _ (3 sec) ( ) (8-16)
yr POi cm mrm-

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 (VCilsec) 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:

588 (5-5)
DFB.

pCi_ mrem-pCiM3 pCi-yr

sec yr - pCi - sec mrem - ml

Ragc) 3,000 1F (5-6)
DF' C

pCi) mrem) Pci- yr
sec yr mrem - sec

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.0
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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 10i8 pCi/cc in the discharge of the Service Water System has been selected. This
activity level was chosen because it is the minimum detectable level of a service water monitor if
such a monitor were installed. The use of rate-of-change alarm with information obtained from
the liquid sampling and analysis commitments described in Table A.6.1-1 of Part A ensure that
potential releases from the Service Water System are known. Sampling and analysis
requirements for the Service Water System extend over various operating ranges with increased
sampling and analysis at times when leakage from the PCCW to the service water is occurring
and/or the activity level in the PCCW is high.
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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 uCi/cm3) 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.I-I0, 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:

D.. = iR lIlFVR (5-5)

where:

Rtb plant vent maximum release rate (piCi/sec) based on the whole body does rate limit

of 500 rnrem/yr

DFBc = 1.66E-02 (mrem-m3/pCi-yr), whole body dose factor for Kr-89

588 = conversion factor (mrem-pCi-in 3 /yr-pCi-sec)

Therefore:

Rtb = 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:

3000 I/DFc (5-6)

where:

Rskm = plant vent maximum release rate (uCi/sec) based on skin dose

rate limit of 3000 mrem/yr.

DF', = 2.45E-02 mrem-sec/pCi-yr skin dose factor for Kr-89

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

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

= 122,449 gCi/sec from the plant vent

Comparing the release rate limit for the whole body to that for the skin (i.e., 35,421 RCi/sec vs
122,449 pCi/sec, respectively) it is determined that the release rate for the whole body is
limiting.

Next, to get the maximum plant vent release rate from the waste gas system discharge, equate the
plant vent maximum release rate limit for the whole body equal to the waste gas system activity
concentration times its flow rate to the plant vent, i.e.:

Rtb = 35,421(gCi/sec) = R A(pCi/cm 3) F.(cm3/sec)

or solving for Rw5 :

R,,(pCi/cm3) = 35,421(pCi/sec) / Fwg(cm 3/sec)

where:

Rn8 = maximum concentration (setpoint limit) at the waste gas system monitors

Fwg = waste gas design flow of 566.4 cm3/sec (1.2 cfm)

therefore:

R4pCi/cm3 ) = 35,421(pCi/sec) / 566.4(cm3/sec)

= 62.5 pCi/cm3

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 tLCi/cm 3 . 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 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.

8.5.1 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:

Rtb() = (588) (Sg) (1/F) (1/DFBJ) (8-13)

(cpm) = (mrem-jCi-m3 /yr-pCi-sec) (cpm-cm 3/pCi) (sec/cm3 )(pCi-yr/mrem-m3 )

where:

Rtb~e) = 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 3/yr-pCi-sec)

Sg = the detector response efficiency (cpm-cm3/pCi) as determined from monitor

calibration. For the air evacuation monitor, a typical value is 1.87E+08 cpm-
cm3/gCi.

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.

DFBC = the composite total body dose factor, (mrem-m3 /pCi-yr). For different gas mixes,
the composite can be found from:

DFBc = ZQ1 DFBi 0/ Q.; (5-7)
i i

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

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

= 9.59E+08 cpm detector count rate for a maximum release rate at the plant vent based
on the total body dose rate.

Next, the off-site skin dose rate limit is evaluated from equation 8-16 in a similar fashion as
follows:

Rskin(e) = 3000 Ss (1/F) (1/DFc) (8-16)

(cpm) = (mrem/yr) (cpm-cm3 /Ci) (sec/crn3 ) (;iCi-yr/mrem-sec)

where:

kjin(e) = 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/pCi-yr).

Therefore,

RskIn(e) = 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 lbs/hour of
steam which is a very small fraction of the 1.5E+07 lbs/hour of secondary side steam that the main
condenser handles. Therefore, the maximum alarm is set at 6.71E+08 cpm, which is 70% of the
calculated value, to ensure that the contribution of the two does not exceed the dose rate limit of Part A
Control C.7.1.1.a. During normal operations, this would represent the maximum allowable count rate on
the air evacuation monitor that would equate to the site boundary total body dose rate limit or less.
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8.5.2 ExaMrple 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 = (Ss)(1/F) ZQ1  (8-10)

(cpm)= (cpm-cm34/lCi) (sec/cm 3) (pCi/sec)

where:

R = detector count rate (cpm)

Ss = the detector efficiency (cpm-cm 3/ PCi)

F = release flow rate (cm3/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:

Due =3.4 E(QDFBj) (3-3b)

A composite total body dose factor, DFBC can be defined such that:

DFBC J:Q1  = Y(QDFB1 ) (8-11)
i i
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By substituting 8-Il into 3-3b and rearranging to solve for z Qi the following equation is

obtained:

Fi = (1(b,,/3.4) (l/DFB.)

By inserting a limiting value of 500 mrem/yr as Dbw this simplifies to:

= 147 (1/DFB¢)

Insertion of this equation into equation 8-10 yields:

R~tbg)= 147 SWt (1/F)(1/DFB,)

(cpm) = (mrem-pCi-m3/yr-pCi-sec) (cpm-cm 3/pCi) (sec/cm3) (pCi-yr/mrem-m3)

where:

Rtbz = 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-jtCi-m3/yr-pCi-sec)

Ss = the detector response efficiency for the air evacuation monitor (a typical value of
1.87E+08 cpm-cm3/gCi is applied in this example).
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F = release flow rate. During the hogging mode of operation, a value of 4.72E+06

cm3/sec (10,000 cfln) is assumed. This represents the hogging flow that is discharged

to the Turbine Building roof via the air evacuation monitor. An additional 1800 cefM

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 (fglad) 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, fgtand = 1-0.3, or 0.7 as the fraction applied to the

air evacuation monitor setpoint. An additional fraction (fg) is also applied to account

for the potential offsite dose rate contribution from this total ground source vs the

plant main vent (f4 < 1 - fQ). The split for this illustration is set at 0.3 for ground

sources and 0.7 for the plant vent.

DFBc = Composite total body dose factor which weights the combination of total body dose

factors (from ODCM Table B.I-I0) 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 (mrern-m3/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

(fg) is the fraction of the site boundary total body dose rate limit to be administratively assigned

to monitored ground level releases (for this illustration = 0.3) such that the combination of the

plant vent fraction (fQ) and ground fraction (fg) is less than or equal to 1 (fg < I - fQ). The second

release reduction factor (f4d) 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:

Rtbc = (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:

s= (QI jDF) (3-4b)

A composite skin dose factor, DF'W can be defined such that:
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DFc(g) EQji -(DF.) (8-17)

By substituting 8-17 into 3-4b and rearranging to solve for Q1 the following equation is

obtained:

ZQi = Dsk (IJDFW)

By inserting a limiting value of 3000 mrem/yr as D6 this simplifies to:

Z4) = 3000 (1/DFc(g))

Insertion of this equation into equation 8-10 yields:

Rskin(gs = 3000 Ss (1/F) (1/DF'c(W)

(cpm) = (MreM/yr) (cpm-cm 3/gCi) (sec/cm 3) (gCi-yr/mrem-sec)

where:

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

DF.( = The composite ground release skin dose factors which weights the
combination of the combined skin dose factors (from ODCM Table
B.I-10) of each radionuclide assumed to be in the gas mix in accordance
with the fiaction 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
(mrern-secluCi-yr).

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

Therefore:

RsknW= (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

I. LIQUID PATHWAYS - SEABROOK SITE SPECIFIC DCFS

The models used to assess doses resulting from effluents into liquids is derived from Appendix A of

Reg. Guide 1.109. Since Seabrook is a salt water site, the assumed pathways of exposure taken from

Reg Guide 1.109 are Aquatic foods - fish, Aquatic foods -invertebrates; and dose from shoreline

deposits (direct dose). No drinking water or irrigation pathways exist because of the salt water

environment In addition, exposures resulting from boating and swimming activities have been included

for key radionuclides even though Reg. Guide 1.109 identifies these pathways as not contributing any

significant contribution to the total dose, and therefore does not provide dose equations for them. For

completeness, the swimming and boating pathways have been included using the dose models from the

HERMES code (HEDL-TME-71-168, Dec. 1971) section G, Water Immersion.

The Method I dose conversion factors are derived by calculating the dose impact to individuals via the

site specific pathways for a unit activity release (1 curie per nuclide). For each pathway, doses by

radionuclide are calculated for each of the 7 organs (including whole body) for each of the four age

groups (adult, teen, child, and infant). The Method I dose factor for each nuclide is then selected by

taking the highest factor for any organ in any of the age groups for all the exposure pathways combined.

The list of dose factors in the ODCM then represents a combination of different limiting organs and age

groups which, when used to calculate a dose impact from a mix of radionuclides released in liquid

effluents, gives a conservative dose since it combines the exposure to different organs and age groups as

if there was a single critical organ-age group.

As an example of how the liquid dose conversion factors are developed, the following calculation for

Co-60 is shown. The critical organ/age group is selected based on the full assessment of all organs and

age groups.

Factor for fish Ingestion:

The general equation for ingestion doses in RG 1.109 is eq. A-3.

1119.7* Uap*MMP 'Qj *13p*Daipj^e 4 X
F

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:

Up : 21 kgtyr adult usage factor for fish
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MP 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

Bp : 100 equilibrium bioaccumulation factor for Co-60 in salt water fish, in

liters/kg

Daipj := 4.02 * 10 mrem/pCi. adult GI-LLI ingestion dose factor from

RG-1.109, table E-11.

1.501 * l0o decay constant for Co-60 in llhrs.

tp 24 time between release and ingestion, in hrs.

1119.7 is the factor to convert from Ci/yr per fl3/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 * Us MP * Q s * B, * Dip. t e o1oP = 0-0103
F

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:

Up := 5 kg/yr usage factor

Bp : 1000 l/kg bioaccumulation factor

all other variables the same as above

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

1119.7¢ Up*MQP * Rp *D *e P=0.0245

Factor for shoreline direct dose:

The general equation for direct dose from shoreline deposits is taken from equation A-7 in

RG-l.109 as (mrem/yr):
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11 1970 * Uap *MP* W Q. * T * DipJ * e'-tt * [I - eto tbi

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 I curie per year release of
Co-60 are:

Uap := 334 hrs/year usage factor used for assumed shoreline activities at
Seabrook.

MP 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*103 radioactive half life in days for Co-60

Dajpj : 1.70*104 dose factor for Co-60 due to deposits in sediments, units of
(mrem/hr)/(pCi/m 2 )

tp 0.0 transit time to point of exposure, hrs

tb := 131400 period that sediment is assumed to be exposed to water
contamination for long term buildup, set at 15 years for
Method I DCFs

Qi : 1.0 curies per year, Co-60 assumed

111970 conversion factor to convert (Cilyry(ft3/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:

111970 * Uap *MP*W * Q *T* Daip, * etP * [I -e-A tb]= 0-0573
F
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Direct dose due to Swimming:

The dose due to immersion in water (swimming) is taken from the HERMES computer code.

The original ODCM calculation was based on some preliminary dilution assumptions which gave

a near field prompt dilution factor for the multiport diffuser of 8. For single unit operation with

both service water and circulating water flow (412,000 gpm), a value of 10 is more realistic. This

surface 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*10X2* p* Qi *DFim (mrem/yr)
Fs

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.

DFm := 4.6*106 mrem-liters per hrs-pCi, dose factor for Co-60 for water

immersion taken from HERMES.

1.0*1012 constant for pCi/Ci

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

1.0*l012*UP*M* Qj *DFm = 3.l55* 105
F,

As can be seen, the contribution of the swimming dose is only about one 30000ths of the total of the

RG 1.109 pathways, and can be ignored in the case of Co-60. Similarly, the boating dose as given in

HERMES is taken as half of the swimming dose, (and corrected for change in usage assumptions). The

resulting dose is found to be less than the swimming dose and can also therefore be discounted in this

case.
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Total liquid Pathway dose:

The sum of the above liquid pathway doses can now be added to give the total maximum

individual dose to the critical organ (adult-GI-LLI) for Co-60. This gives:

0.0103 + 0.0245 + 0.0573 = 0.0921 mrem/yr

Since the internal doses given by the RG-1.109 methods actually are 50 yr dose commitments

resulting from one year exposure to the quantity of activity assumed to be released into the water,

and the direct dose represents the dose received for the period assumed to be exposed to the

pathway, and the activity release was taken as a unit quantity (i.e. Q = 1 Ci), the above total

liquid pathway dose can be stated as site specific committed dose factor in mrem/Ci released.

For Method I in the ODCM, the critical organ dose factor is seen to be 0.0921 mrem/Ci, as

shown above. The value reported on Table B.l-I 1 (9.22 E-08 mnrem/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 for 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 DCFS

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 specific 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 adulL

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:

3.17*104* *[-*]* Q*DFA. =D

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

3.17*104 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 m3 /yr.

X 7.5 * 10-' the long term average depleted atmospheric dispersion factor, in
Q

sec/m3, at the maximum exposure point off site (S.B.)

Qi : 1 the release rate of nuclide i to the atmosphere in Ci/yr
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DFAija := 9.67*10-6 the inhalation dose factor for nuclide i (Mn-54), organj (GI-LLI),

and age group a (adult) taken from RG 1.109, table E-7, in

mremn/pCi inhaled.

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

3.17*104 *R. *[ ] *Qi*DFAiia=0.00l84mrem/yrperCi

PART B: GROUND PLANE DIRECT DOSE CONTRIBUTION

The general equations for ground plane external direct dose in RG 1.109 are equations C-I and C-2

which together give the dose DG as:

8760*1.0*1O0*SF[* D *Q,*e 1 *DFG

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

1.0*1012 is the number of pCi per Ci

SF : 0.7 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.

I
.-I

D

Q
1.5*10-8 the long term average relative deposition factor at the maximum

site boundary location, in 1/M2

:= 0.8105 is the radiological decay constant for Mn-54 (nuclide i in this

case) in 1/yr.

tb : 15 is the time in years over which accumulation is evaluated (approx.

midpoint of plant operating life)

DFGij:= 5.80*109 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/m2

Qj := 1.0 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:

8760*1.0*i12 *SF* *Qi*1 e *DFGq=0.658 mrem per yr per Ci
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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:

Q Y,*AAi l

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).
p.

=1.5*10

QI :=1

is the relative deposition factor, in 1/m2 , at the maximum exposure point off site

(S. B.)

the release rate of nuclide i to the atmosphere in Ci/yr

r : 0.2

XEM : 0.00219

tb : 131400

Y := 2.0

Bi := 2.9*10.2

fraction of deposited activity retained on crops, leafy vegetables,

or pasture grass (1.0 for iodines)

effective removal rate constant for Mn-54 from crops due to

decay and weathering, in hr-I

soil exposure time to deposition, in (equal to 15 yrs, or mid plant

life)

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

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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xi 9.252*10-5 radioactive decay constant for Mn-54, in hrs-I

P 240 effective surface density of soil, in kg/M2

th 1440 crop holdup time after harvest and before ingestion, in hrs

te 1440 crop exposure time to plume, in hrs

Therefore, the concentration of Mn-54 in stored vegetables produced at the location of maximum

deposition for a unit activity release is given as:

1.D4*1o*[ D*Q,*[r* l-eue + _Bi, _ b*e-'d=67.379 pCi/kg

PART C.2: Leafy Vegetable Concentration

For leafy vegetables, the above equation is repeated with the value for th, 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:

1.14* * I*Q ** * ]76.811 pCi/kg

QYV * AE P*Ai

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

Next, we can repeat the above calculation to determine the concentration of Mn-54 in pasture grass used

as animal feed. This will allow for the determination of dose contribution from milk and meat.

For pasture grass, all the above variables remain the same except for.

Y, 0.70 for agricultural productivity of pasture grasses, kg/M2

te 720 for grass exposure time to plume, hrs

th : 0.0 for holdup time after harvest
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Using these variables in the above equation gives the concentration in pasture grass as:

1.14*8[* D Q* [* 2I-27 l e & , JpCi/kg

PART C.3.b: Animal Feed Concentration (stored feed): C5

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, := 2.0

:= 1440

th : 2160

agricultural productivity for stored feed

feed crop exposure time to plume in hrs

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.

r*l 8* D ]r i [ -A . I -__ '_ _l~l *1+BJ* Q *[ * * 6 AVth =63 03 7 p ikpCilkg
i

PART C3.c.: Concentration in Goat's Milk: Cm

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 * Cv * QF *e-4 = conc. in milk, pCi/liter

where the variables are defined as:

Fm := 2.5*10-4

QF 6.0

tf : 2.0

average fraction of animal's daily intake of Mn-54 which appears
in each liter of milk, in days/liter

amount of feed consumed by a goat per day, in kg/day (50 kg/d

for meat)

average transport time of activity from feed into milk and to
receptor, in days.
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2.22*10-3 decay constant of Mn-54, in days-I

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-l I as:

Cv = fp * Cp + [* - f[]*C3 + f *C [ - fj]* Cs

where the following equals:

fp 0.5 fraction of the year that animals graze on pasture

fs 1.0 fraction of daily feed that is pasture grass when the animal grazes

on pasture

Cp 179.227 concentration of Mn-54 in pasture grass as calculated from above,

pCi/kg

C. 63.037 concentration of Mn-54 in stored feed as calculated from above,

in pCi/kg

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

fp * f * CP +[1- fj]* C + fp*[1- f] * C, =121.132 pCi/kg

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 I

and

Fm *Cv*Q * eXvt= 0.181 pCi/iter ofMn-54 in goats milk

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

Similar to milk, the concentration of the nuclide in animal meat is calculated. RG 1.109 general equation

C-12 is given as:

C= Ff*Cv*QF*C.^ts

Here the variables are set as:

Ff := 8.0*104

QF = 50.0

fraction of animals daily intake of Mn-54 which appears in each
kg of flesh, in days/kg

animal's daily feed intake, in kg/day
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20.0 average time from slaughter to consumption, in days

C : 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:

Ff * C* QF* ea4 = 4.635 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:

E DFIr, U. * f * Cv + U. * C. + UF.* Cr + UL. f *CL]

For Mn-54 set equal to i, we find that from the evaluation of all organs for all age groups for

combination of all exposure pathways, the adults GI-LLI is the critical age group/organ. Therefore, the

variables in the above dose equation can be defined as:

DFIaja

Uva

fs

fi

Urn

UFa

UC,

C,

Cm

Cf

1.40*10-5 ingestion dose factor for adults/GI-LLI for Mn-54, in mrem/pCi I.

520.0

0.76

1.0

310.0

110.0

64.0

67.379

0.181

4.635

ingested (RG 1.109, Table E-1 1)

vegetable ingestion rates for adults, kg/yr

fraction of stored vegetables grown in the garden

of leafy vegetables grown in the garden

milk ingestion rate for adults, liter/yr

meat ingestion rate for adults, kg/yr

leafy vegetable ingestion rate for adults, kg/yr

concentration of Mn-54 in stored vegetables, in pCi/kg (from

above)

concentration of Mn-54 in milk, in pCi/liter (from above)

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, * [Uw * f * Cv + Uma * C. + UF. * Cf + UL. * f * CL] = 0.4495 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

of stored vegetables

Dose for ingestion

of goat's milk

Dose for ingestion

of meat

Dose for ingestion

of leafy vegetables

DFIjja *Uva *f *C =0.373

DFjija *Un *C. = 7.855*104

DFljjj *UF, *Cf = 0.00714

DFIija *ULA *f, 4CL = 0.0688

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)

Ground plane dose (Part B)

Ingestion dose total (Part D)

Total dose all pathways

0.00 184 mrem/yr per Ci

0.658 mrem/yr per Ci

0.449 mrem/yr per Ci

1.11 mrem/yr per Ci

(critical organ is GI-LLI

of an adult for Mn-54)
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APPENDIX B

CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL BACKGROUND

TAKEN FROM

10 CFR 20.1-20.602, APPENDIX B
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APPENDIX B To §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL

BACKGROUND

(See footnotes at end of Appendix 31

IsotopeI Table I Table It

Element (atomic nmmber) Col | - CoI. 2-

ACiium (89)

AmeIcIum (9s5

Ac 227.

Ac 228._..__

,Am 241._._..

Am 242m

Am 242._.__

Am 243 _

Am 244 __

Sb 1---

Sb *24_.

Sb t25-._

A 37_____
A 41_-
h. 7_1_

S

S

S
S

S
I

S

S
S

SAfoy

MUMon Ila)

Alseric G"3I

As 74 -

Astatine (85)

Barikn (S5

Berylelum (4) ....

As __

Al 21111-..

Ba 131-.

6a140__.-.-

8k 249_.__..

8k 250......... .

Ba _....

Sub'
Sub
S

S

S

S

S

2x10-"I
3x 10 - f
3XIO-6
2xI0-4

6K10-la
lX 10- '*
6xto-',
3K 10-"
4xI10-8
5x10-'

ex1t0-'2
lX 10-0
4x10-6
2xl0r's
2xl0-'
1 X10-'
2x10'1
2x10-'
5x10'1
3x1-6
6K1O0-4
2xI0-6
4x10-'

4K10-'
53I20-'

4ix10-:'

5X10'6
4*X10-'6
4xI0-'

4X10-4
9X10-16

2x10-'
lx O10-

Ox 10-'
9x 10-11
3x 10-'

Wxt-3
I K1-a1
8xI010
lX tO-1
3x10-2
4X10-',
4x 10-3
lX 10-'
8X1O,1'
I1Kb-'
*XIxbO-
8Kb-'1
8X 10-'
7xi0-'
7xt0-'1
3x1-8
3x-10-3

Ixl0-'
lx10I-a
2x 10-
2xI0-81
GXOxl-'
GxlO- 4

2xI10'
2x10-'
5x10-'
2x10-'
5x10-'
Sxl0-'
8x10-'1
7x10-'I
2xI0-*
2xK10'
6xlQ-'
6X10O1'
5Xw10-
SXt0-'
ix1o-'
IX 10-3
2x10-'1
2x 10-3
I Kb-'1

X 10-14
9XtO-s3

3x10-9
xW10-"

2x10-'"
4xt0-oI
2x10-"
9x 10-ma
1X 1O0-
2xtI-"
2X1 0-"
4XtO-"I
lX110-7

X 10-'
8x 10-
SX10'

Sx10-'

7xtI0'
2X10-'
9XtO-"
I X10-'
4X10-'
7x10-^
1XIO-6
1KxO'
4x10-
4X10
3x10-*
2x10-'
1KX1-'

2x10-"
WXWII

4xiQ8
1 X10-
4X10-'
1Xb0-*
3xb0-'m

4xI0-*
SX 10-
4x10-'
2x107-
4X0o-s

2X10-'

9X10-'
9X 10-'

IX 10-'
4x10-'*X *0-'

9X 10-'

4x10-'

3x10-'
SX 10-'
3X10-'
3X10-'
5X10-'
3KX10-'
2X10-'
2X10-'
1X10-'

tx10-'

2xl0-6
WXtO-s

8KIC-6

8XK10-2x 106
2x10-'
7X 10-'

2x10-'2x~t0-

3K 10-i1

2x10-'
2x10-46K 10-'

2x10-'2K 10-3

4x10-*
4X10-'
6X10-'
6X10-'
4X 10-'

S

Bismu (83). 84206............S

Si 207__._ .......... _ S

ISi 210 ............. ... IS

* 6X10']
5x 10-'1
Ox 10-'

5K 10-"1
2x:10-"1
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Nudear Regulatory Commission Pt. 20 t§§ 20.1-20.6021, App. B

APPENDIX B TO §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL

BACKGROUND-Continued

(See footnotes at end of Appendix 61

Isotope' Table I Table 11

Element (atomck number) Col |--AC Col. 2- C Cal 2-

Si 212
_ _ _ _ _ _ _ _ _ _ _ _ _ ) sm ) ( / I

n rscs
0F "W 4Q -- -- ---

Cadum _._ Cd 109______

Cd l15.__._.._

Ca 45_.-. .

Ca 47_ .____.

S

S

S

S

S

S

S

S

S

S

S

S

S

Cefoomium (96s.

Cf 250

CC 251

caronm to

hmurn ta _ _ _

Ca 253

a 254

C 14. _
(CO.__
Ce 141 _

Ce 143 __

Ce144

Cs 131. _

Cs 134m

Cs134 -

Cs135

Cs 136

Cs 37

Csk 5)._

S
Sub
S
S
S
S
S
I

S
I

S

SI
S
S
I

S
S
S
S
S

6x10-'
1X10-1
2x10-'

2x10-'I X 10'6
7X10'
4X10'
4X10-'

2x I0-1
2x10-'
2X10-'
3X10-'

tXtO"

2x10t-
2x10-'
2XtO -"

Sx 10-2

txlt-"

4X10'|

1 X10-"
6XtO-It

3x10-1
S1x-10'

3X10t-

4X10-I

SX1O-
4XtO-

5XtO-'

GX10-'
4X10-'
3X10-'

2X10-'

tX10-'
6X10-9
tXtO-11
3x10-'

4x10'*

3X10-'
4x10-'
1XtO-e

SX10-'
4XtO-'
2X 10-'
6X10-'
t X10-9
4x10-
2X10-'
S3X10-6
2XtO-1
1 X10-8
2x10-4

lx 10'1

3XtO-sGX10-'1

8x10-'
Sx 10-1'

3xtO-'1

2x10-0
tX10-16

1 x10-"

Ix 10-'
1x10-'
1x10~'
5X10'

5x10-'
Sx10-'

7x10~'
1x10~'
Ix 10~'
3X10-'

Ix 1O~'
I X10-'

7x10'1X10-3

1 X10-'4x10-'
7x10'1

2X10-'

2XtO-'12x10'1

4x10-'4XtO-'
4XtO-34x10-'
4XtO-'

Wx0- 112XtO-'

3x10-'
3xtO-'
1 Xt0-2

t X tO-'

3XtO-41

7x10-*
ax10'1
2x10-'
3x tO'
3xtO-~'
Ixbo-'
3x10-'
7x10-'
2XtO-'2x10'2

4x10-'4X10'1
2x10'3

2x10'2tXtO-'

2XtO-'

SX10-

2x 102
3X10-2
1 X10'2
iX10-1
4xI0-3
4X10-'

3X 10-'
1X10'

1 X 10- '

8x10-'2

6xIC-2

2x 1t'
3x10-'
4x10-'
*x tO0'
6x10'
2x10-'
3x10-'
1xlO0'
1 x 10~'
8x10 '
6X10-'
1 x10~'
4x10-'
6X 10'
6x10'

3X10-"
3x10-"

3xtO-"

1 xi0~"2
aX tO-"
3XtO-"

2XtO 9

1x10't
1 X 10-6
2X10'

5XtO-'1
9XtO-'

7X10w

3x10-1

ix 10-1
3x10'11

2xt10

I X10"1

3x10'1

4XO-'1

2x10-1

tXtO'

2x10't

1XIO-11

2x 10'1

lX10-'
2X10 '
3XtO-'

2xlO-*
6XtO-1
1XIO-1

I X 10-6

IX 10'

4x1o-"
9XtO-'1

6x 10'9
3X10'*

3X 10-6
7X tO..
7x10'*

4XtO-'
8XtO-6

6XtO-1

6X10'
3x10-'
3x10-'
2x10'9
1X10-6

3x.10-10
7x 10-'

Ax 10-1'

4xI0-13

4x10'
4x10-'
4x10'
3x10-4
4xlO-'
2x 10-'

2x10-'

3x10-'3xl10'
3x10-'
4x10-'
9xtO-'

2x10-'

3x10-'
3x10-'
4xIo-6

2x10-'
1 X10'
3x10-'
4x10-'
3xI010
3XtO-'
7x10'

1 X10'

1 XtO-1

SX10-4

9XtO-'
9X10-'1
4X10-'1
4x10-

2X10-'
9X10-'1
6X10-'1

9x10-'

t XtO-4

2x 10'12XtO-'
9XtO-'

6X10-'

'2XtO-'
4x10-'
8XtO-'
6XtO-'
4x10t-'
4xtO-'
2x10-'
Sx10-'

*X10-'

3x10-'
2xlO-'
1 X 10-'

3x10-'
3x10-'
2X1~-'
2xlO-'

2x10-'

Chloine (17)

CWdkjm(24- -------

CG 36

Cr51t

Co 57.____--

Co S8m__-_

Co6____

Copper (29). ........... .... . .

cu u (96 . . ....... . .................................. Cm 242 ._
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APPENDIX B TO §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL

BACKGROUND-Continued

(See footnotes at end of Appendix 81

Isotope ' Table I

Element (atomic number) i Col.Iir Col. 2- C
Water I

Cm 243..-.-

Cm 245

Cm 246

Cm 247

Cm 248

Cm 249

DV 166-.-._

DsiuOSm (50 -----

Xnsteinm (99M.

Erbkin (8)-

Ctwu__ .. __

Es 253_ ..

Es 254.__

Es 254_-

ES 255_

Er 169la

Er 171 -_

(T/2-9.2 hrs)...-.
Eu 152_
(T/2-13 y)Q
Eu 1U__

Eu 155_

Fm 254

Fm 25S

Fm 256

F 18

Gd 153 _

2xK10-
6x10-"l
1x10-'*
9XK10-'
Ix 10-r
Sx10-'2
IX 10-to

5x10-"
1Ix 10 '
Sx10-"
1X10-'"
6x10-
1x10"
1x 101'
1X 10-
3X10-'
2x1O-'
2x10-'
2X10-'
Sx10-"4
X10o-w

Sx 10-
6X10-9

2x10-"
1Kx1-"
5x10-'
4x10-r
6XK-w
4X 10-'
7KX10-'
Gxw0-'
4X10-
3x10-'
Ix 10-'
2X10-e
4x10-9
7x 10-'
9XK10-
7xl0*

7X10-
2x10-
1 X10-8
3X10-
SXbO-'

3X10-'
2X10-'

5x10-'
4X 10--'
*2x10-'
2x10-'
1X 10-
6X10-'
* xKo-'
SX10-1
3x10-'
2xK10-
Ix10O-
X10-I

4xA10-
7xlO-
2x 10-'

7X 10-'

lx10*'

7x 10-'
2x10-'
8x 10"'
ax io-'11x10-'

SX10 4

JX 10-4
1XIO-'

6x10~'4x 10-4

6x10-'
6x1O '
1x10*'
1 x 10-'
1xl0~3

1 x 10-'

7x 10-'
7x10~'
Sx110-'

Sx 10-'

4X10-'
4xlO-'
Sx 10-4

3x10-'
3x10-'
3x10-3
3x10-'
2XI0 8

2x10-'
2X10-'6XIo-_

6x10-'
6X 10-'

4X10-'
8x10-'
6x10-'

3x10-*
4X10-'

2xlO-'s

lx 10-'
8x10-'
3X10-'
2x10-'
2x10-'
2x10x'
lx 10't
5K 10-'

5K 10-'

2x 10-'
1 x 10~'
5x 10-'
4x 10-'
2Kx10-'

9x 10~4

Table II

d. I-Ai Col. 2-LU. 1-Al Water
C'/mt) (/m

6x10o- 2x10-'
2x10-" 5x10-'
3x10-" 2x10-'
3x 10"13 7xK10-'
3x10-" 3x10-'
2x10-3 4x10-'
4x10-" 3x10-'
2x 10- u 4x 10-'
4x10-"1 3x10-'
2x10-3 4xl0-'
4x10-"1 2x10 '
2x10-" 4x10-'
4x103" 1x10-'
4x10-' 2x10-'
4x10-' 2x10-'
9x10-' 4x10-'
7x10-' 4XA0-'
8X10- 4X 10-'
7x10-§ 4X10"
3x10-" 2x10-'
2x10-" 2X10-5
2x10-" 2x10-
2X10- " 2x10-'
6x10-" 1X10'6
4X 10-" 1KX10'*
2x10-" 3x 10*

2x10- 9X 10-'
1 x10'4 9x10'
2Xl0-6 1X10-4
2xl0-6 IX10-'1
IX10' e1X10-'
1X10o- 6xl0-'
4xlO10~ 6X10-6
6Kb0-u 8Ko-s
6XII0" 8X10-'
X 10-" 2x10-*

3x10-' 2x10-
3x10- 2X10-'

2x10-' 1X10'4
2x10-1 IKI0-'
6x10- 3XK0-
4x10-" 3X10-'
1x10-0" 9X10'
6X10-" 9X10-'
2x1W - SX10-'
9x10-' SX10-'
8x10-' 2x10-'
3x 10-§ 2X 10-'
2x10- 8x 10'
1 XIO-4 JX 10-'

8X10-9 4X 10-
SX10-' 4XI1-'
4x10'- 2x 10-3
2x10-' 2x10''

4x10-6 2X1'?
1 X 106 I X 10-4

8X 10-9 5X tO1'
4X10-1 2x10-4
3x10-$ 2 X 10-'

1xI'12 7X10-'
3x10-9 7x10-'
7XtO-' 3x 10-

ODCM Rev. 16

S

SPermkim l10

MDF Cm-

Gadoknim (64).

Galln (31)

Gernum (32=

$ ____

S

S

S

S

S

S

SSI

SI
.5

Ga 72__._ E

J -. . ._...____..

GOld A _ _..._ . Au 196.......

Au 198 ._

Au 199......

HI 181................... .1. SHatnium (72){.

Holmium (67).

__......._......_......_ ..

Ho 166..................1._............_.........

B.

.. s
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APPENDIX 8 TO §§ 20.1-20.602-CONCENTRATIONS tN AIR AND WATER ABOVE NATURAL

BACKGROUND-Continued

(See footnotes at end of Appendix Bl

isotope ' Table I Table 11

Element (atomic number) Cl 1 2r Col. 2-

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Co I Ar Water ol -A~ir Water

Hycw gen M ..... ................. ................... 43 ..................

In 13.........Indium (49) ._..........

In 114m ........

In 15T....

In i .........

xoaine13 1 -.-. _- .__ ... _. --..-- I I

1 129____...

I1133........ . -......

I I34_ _ ___.-.

I 135..-.

ium( f7). __ W 1I

In
lt1
r 1!

Ion c26) Fe

Fe

Krypton6 Po Ir
KrI
Kor
K~r

Landtanum (57. - LA

Lead (8 Pb

Pb

Pb

Lutetum (71)) _-_ Lu

Mangnnese (25) _. M

94

!55___

S

S

S

S

I

S

S

S

S

S

S

S

S

S

S

S

S

S

S
S
S

S

IS

S

S

S

S

S

S

2x 10-'
5x 10-'
5 x10-'
2x 10-'
8IX 10-
7x10-4
1Ixt-1
2x10-6
2xI0'4
2Wx10-
2x:10'1
3xI0-1
5x10-0
2 x10-'
ax to-9
3x 10~
2x 10-'1
7xwi0
9 x O10-
3xt0-'
2xt0-1
9XI0-1
3xt0-'
2x10r-'
Sx10-'
3xto-'
Ix 10-
4xIO-'
txio'6
4xto-v
IXlO'1
3x 10-8
W0x101

2xI 10-
9XOxo-t
ixtO-6
I x10-'
5X10-1
6xIO1-
1Ixi-6
I x 10-
i x to-,

WCl0"
IXIV-'
3xi0r-1

2x10-1

2x016-
2xt0-1

2x10r-v

4x10-6

4x10-'
4x10-.
7x 10-'

SX110'

I x 10-'1
3x10-'
7K 10-'
1I xi-2

9X10-'

4X10-'

SXl0-4

3x 10-3

3x 10-2
4x10-'1

6X10-'1

3x10-'
txI0-$
Gx10-'

5x10-'
2x10-'1
ixtO-'
4xI0'*
2x10'1
7x10-'1
2x10-'

5X10-3

lx 10-'
9x10-'

Wx0-'1

2xI0-'
2xI0-2

1Ix O-2

4x10'1
Lx 10-'

3x10- '

3x10-8
4xI0-8
Sxtrr'
6xI10'
5x 10-'

5x 10-'
3X O10'

6x10-'1
2x 10-'
2x10-'1

3xI0-'
2x10-'
4X10-9

6xI0-'1

I1 x0-
exic-"1
6xI0-*

2xI0-'1
2x10-'1
IX,10- U

3x10-*
3x010'

4 X ¶-"'
7x 10-'
6xic-9

ixl0-'
4xI010

4xI09

Ox 10-'

3x10'8
3x10-

axiO',
2xt0-6

2xt0-4
2x10-'1

4x10'4
9x10-6
4X 10-'2
Sx10-"

exi r10"
7x 10-"
2x10-'1
2xl 10
7x 10-$
Bxt0-9
1xi0-8
IX O10-
3xI0-*
2x 10-'
3xI010
3x1O-4
4X 10-'1
Oxi0-'
2xI0-'1
4X10-'

3 x10-'
3x10-'
3 xA0'

IX 10-'
1Ix t0
2x10-'1
2x10-'1
4 x IO'!
4xI0-'
Ox 10-'1
Ix 10-'1
2x10-'
WWI0-
3xI0-'
9Ox 10-
Lx O10-
2xI10-'
3x10-'
6x10'6
ax io-'

WWI0
IXIO'6
4X10-'
Wx1-s

6X10'1
4xI0-'
7XI10-'
2x 10-'

WWI0
4xl0-*
4 x10-'
3xl10-$
3xlC0$
Ix 10-i
2xW10'
Lx O10-
SXi0-S

2x10'
2xI0'8
4x:10-4
4xI0-'
lx tO-1
2x10-'
2x10'1
2x10-'1
lx 10-'1
lx O10-
3xl0-'1
Wx 10-

txiO'1
1x10'4
IX 10-'1

2xI0'4
2x 0-4
3x010
5X 10-'
2x10-'1
1 xI 10

eSm -

es__

203 ~

212__

1n_~

1InS2

% 203

Mn S4__....

Mercwy (S0). Hg 197m.__.....

Hg 197............

Hg 203
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APPENDIX B TO §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOvE NATURAL

BACKGROUNO-Continued

(See footnotes at end of Appendi 81

Isotope' Table I _

Element (atomic numbers COL I-Air | 2- _
oxil/m Wt

Motybdar..m ..___ _ Mo 99 . -

Neodimk (60)_ __144........ _ ..Nd 144 --

Nd 147 . .........

S

SI

SI

SI

SIr4eprjwm twi f

tco . ______.__ ............................................ _ _

NI63..

Niobium (Co;Mbu) (41)_-- - b 93m __ ._

S

I

S

S
S

S

S

I

S

Nb 95---

Nb 97

OSmkR (76) l__ C

Panaod (46)

Phosohor u 1s5)

Os 191m.-

Os 191 __.

Os193-___

Pd 103-

Pd 109___

P 32 _-

Pt 191____

Pt 193m _- -

Pt 193__

Pt 197m__-

Pt 197----

Pu 238--_

Pu 239___

7X 1 0 ~t
2X10-*

8X10-'
3X 10"
4X10-'
2x 10'
2x10 1
1 x10-^

4XIO-11
4xi0r"

2x 10-1
2x10-'

IX10-
5X10'8XtOr'

8X10-

7x10-'
SX 10'
1x10-6
2x10 2
2x10'1
tx10-'
6X10 6

SX10-'

SX10-

2x10-s
19X10-1

4X10-:4x10'
4x10-
3X10-

7x10'
6X10 '
4X10'
7X10~

8X10-

7x10-4
SX10-4

3x10'-

axto-.
8X10-'ext~o-

2X10-"

3X10-"2x10-,$

2x10'-
4x107"
2xlr0
4x10""
9X10"1
4x10-
2XO-'1

4X10-"
2x10-'
2x 10-
2xI -10
3X 10"
SX10-s*
2x10"-g

SX10'

lx10'3

2x10 '
2X10-8
2x10 3
2x10-'
8X10'-
8X10 a

4X10-6
4x10-'

6x10-3
9x10 '

JX10-'

2x10-'
4x10-3
3x10-
8x 10-'
1X10-2

3x10-$
3x 10-
3X10-2
3x10-
2XtO-2
2x 10-3
7x10-'
7x10-'
SX10-
2x10-'
2x10-3
7X10 '

SX10-1'

3x10G-

2x10'"

SX10-11
7x10'4
4x10-3
3X10-'
3X10-'
3x10-2

3X 10"

5X10'-

4X10-'

3X10-
4x10-3
3Xic-'
1x 10'4

8X10 '
1 X10'4

7X 10-a1 XtO-11

8X10,4

7X 10'8710-'
1 x10'
Ix 10'4
t X10-'
1 X10-2

1X10-'

2xI10-
8x10-

Tab[le 1

dl. 1-Ak Col. 2-

jL1Q Water

3x10'' 2x10-'
7x10' 4x10-'

3x10-" 7x10'
1x10-" axlo-'
1x10'* 6X10-'
8x10- 6X10-'
6x10- 3x10-'
Sx10- 3x10-'
1x10-" 3x10-'
4x10-" 3x10-'
3x10- 1x10'
2x10- 1x10'1
2Xt0 * 2x10-1
3x10- 2x10-'
2X10'- 3x10-'
1x10-' x 10'4
3x10- 1 x10-4

2x10-' 1X10-4
4x10-9 4x10-4
Sx10-0 4xI0-O
2x10-6 tx10-

2x10- 9x10-'
2x10-' 9xtO*'
2X10'- 9x10-'

2x10- 7x10-'
6X10- 3X10-'
3x10- 2x10-2
4X10- 2X10-'
1X10- 2x10'
1xl0- 6Xato-'
9X10- Sx10-'
5x10, 3x10-'
3x10- 3x10-'
2xl0O- 9X10'
1Xl0I- 7x10'
2xl0'- 2x10-6
3x10-* 2x10-6
3x10- 1X10-'

2X10'- 1x10-'
2x10- lX10-1

4X10- 9XlO-4
1X10- 2X10"
2X10- IXtO-1
2xl0-' 9X10'
3x10-' Ix1O-'
2X10-4 1X10-'

7X104" 5X10-4

1X102 3x10-
6X10-"4 5x10"

IXIa-"2 3x10'6
3x10-" SX1O-'

6X10-z 2x10-'
1Sx10- I X10-3

6x10-" SX10'4
1X102" 3x10-'
6x1O0- 3x10-4
8X10-6 3xI0-1

6x10" 4x10-'
1-1 I~ 1 10- 1

2x10-''l 7x10-'
7x1Q"I 3x10-'

ODCM Rev. 16

rlzzar 11f DI_ _ _ _ _

RIONNUM tl#41_-

Pu 242.-__.__....

Pu 243._.__._

Pu 244.

P on.(.4) ___ __--- _-iPo 210 .......

B-6



Nuclecr Regulctory Commission Pt. 20 (§§ 20.1-20.6021, App. B

APPENDIX B TO §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL

BACKGROUND-Continued

(See footnotes at end of Appendix 81

Isotope ' Table I Table 11

Element (atomic number) Col. 1-Air Cal. 2- Col. I ir Col. 2
(LCUmr) Water (.pGfml) Waster

I 

jcm)I(Ofd
Potassium (19). ............_

Praseodymiut (59) . ..........

K42 .._...................

Pr 142.....................

Pr 143....................

Pm 147..................PrometNum (61 ......... ......

Pm 149 .... _

Protoactinium (91) .............. ....... Pa 230 ..............

S

S

S

S

S

S

S

S

S

S

S
Radium 8)..... ... .........

Pa 231 ......

Pa 233 ...........

Ra 223..........

Ra 224_..........

Ra 226

Ra 228

Rn 220
Rn 222'
Re 183___._....

Re 186__._._

Re18 .__

Radon (s).-

Rneriumt(5 ... ______......

S

S

S

S

S

2 x IO"'

2x10'1
2x10'
3x10'1
2x10'1
Gx10'1

3x10'1
2xI10'
2x 10-'

a X10' I

1 X10-1
I6X I10'
2x 10-1i
2x IO_:
2x 10-
2X'10-'

7x10-1

3x10"1

4xIO1"

3x10-6

2x10-'

Sx110-'
5X10-'
4X10-'

5x10'1
3xIO-7'
2XIO11

5x10'1
6X10'9

3X10-1

13xI10'

IX 10-1
SX 10'

lX 10'1

9X 10-3

9xI0-,

9X10'1

16x10'1

6X10'1
I X 103

7x10-1

4X10'$
3x 10-3
2x10'*

7X10-1

2x10'

4 X 10-'

'x10-,

4x1082

4x1O01
3x1O0'

3x10'3

3x10'3

3x 10-'

x X10-a1
2x 10-a

4x10 1

3xt01 .
32xI103
2x10'$
x10I

3x 10-'
3x tO.

TX 1O-
dX 10'9
7x 10'9
5X t0'
1 x 10*.1
6xI10'
2 x10'9
3 x10'9
1x 10
ax 10',
6XI 10"
3x10"1
4K 10'

IO-:.:

ax 10"1
2x:10-1
2 x 10":
3X10"

2x10":

I x10"8

3x 10-'
SX10-8
5X10-1
2x10'6
8X10'1
3x10'1
2x 10-4

3x 10-'

3xIO11
2x10-1

2x10'*

2x10'1

2x10-*

2xI1-4
2xI0-6
3xI010
2xIO101
2xI10"'

5X10'9
2x10'*

ax 10-1

2x10'9
2x10'8

Sx t0-'
4K10-4
4XIO1'

3xt0-
2 x IO'
3x 10-
3 x IO'
5x 10'1
5 X10'1
20x10
2x00'
4X10'
4KX 10"
2xI101
2xIO'4
9K10'1
2x:10'1
1I x10
1 x10-'
7x10'1
4XIO1'
2x 10-'
5X 10'1
3 x 10-
3xIO1'
3x 10'1
3xl10s

3xI101

5X10'1

2xI103

1 X10-'

1 X10-1'

7x10'1
2xI10'
tXlO-'1
2xIO1'
4xIO1'

W3x10
8xIO06
6xI 101
1I x10~
lx 10-'
I 10xl-'
1IX 10
LX 10-'
7x'10
4x10'4
4x 10-'
8XIO1'
ax10o-'
dx 10-6
4x:10'1
9 X 0'1
9K 10'
3x 10-'
3x10'*
3x10'1
3X1O-1

Re lea. .......

mnocaurn -4)______.._Rh iO3m.---

Rh 105.........-....

Rubidiurn

Kuwenlum (44J

Samarium .

Scandium 1211 . ........ .. .. _

Rb 67.----

Ru 97_----.........

Ru 103_ _

Ru t

Ru 106

Sm 147-....__...

Sm 151 .........

Sm 153..............

ScJ6 .. _

Sc47 ..........

SC 48,.....................

Selenium 34) . ...... ...... I Se 75.
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BACKGROUNo-Continued

(See footnotes at end of Appendix 81

Isotope 'I _

Elemet (3to-ic nuffr) Ccc

SiX"licon...._-. _ .

::iNvert __..c.g._..~... Ag 105....._.........

Ag .

Ag 11_.............

Na 22
Socam (II)_._ ... - - --------- -------

Sumntium (38})_ St as85m.._._

Sulftr (I18) S 12_..

Ta 12..~...-Tantaum (73) _.__-

Technetum (43)__ -_---- TC 96ma_-._

Table I

)Lt-1Ak

IX 10'
6XO1O

1X10-46X1O'7
8X1O'8

3x10-'

2x10-'
2X10O

1 X10"
4X1O-'
3xI0'*
2x10-'

3x10-
4X1O-"

Sx10'*
4X1O-'
3X10-"ax to-'
3X10~'
3X1O-'r
3x10-'

2x t0-1
8X1O-'
3x10-

2x10

4XIO-'
1 x10-O

2x10-1

2XtO-T4x10-7
2x10-'

3X10-'

SX10-'
4x10-4
AX 10-'

2x1O-'
2x10-1
2X10'1
1 X10-1

3xltO13X 10-'
3x10-4

8X 10-72x tO-'

2x10-'

3x10-'

C
I. 2-

Water

3x10-2
3x10-'

OX10-'
9x 10-3

1 x 10-'

I x 10-'

6 X10-'
SX10-'1

2x10-1
2x10-'
3x to- 1

SX10o-'
8x 10-'

1 X10-'

2x10-'
2x 10-3
1X 10-33X1O-'

2x10 '

Ix 103

4XIO-'

3x 10-'
1xt0-*
SxlO',

S2x 10'8X10 '
lX10-'

3iX 10-'2xlO-'

8X1lO-'2x 0-s

1x 10-aSX10-'

fIX10-'

2X 10-a
2X10-'
2X1O-'
3x 10-3

2xI0-*
9X1O-'

X1 0-'
1 X10-'

lx 10-a

7x10-'

9x 10-'

5x 10-3

x 10'3

2X1O '1

3X1O-'
2x 10-'

2x10'
3x10':
3X1O''

fix 10':6X10'

3ex 10'96xlO-I

3x10'11x10''
8X10''
SX10-'
1X10'4
3X10'"

Ix10"

2xt-0~
2x10'4
2x10,'
Ix 10-"
2X1O "

9xtO,9
9x 10''

I x10'

3x10-'
I x10-'
2x10-*

ax to-
3X10-9

X10 -'
8Ix 10'§
8X 10-

SXIO-1
1 x10'-
2xto-'
7X10-
4x10 1

4X 10'0

8X 10~'

3XIO-63ixI0-'3 X10-§

1 X10-10

2X10'-
1 X10-
X10-

7X 10-
4x10-

3X1 0'
I X10-§
9x10-'

7x10-
3x10'
3 X10-'
8xi0o-
2x 10W'

9xlO''

9x 10-
2xl0'
1 x 10-'

3x10"
3x 10-h
4X 10-

4X 10-'
3x 10''
2x10-'4X 10-'

3X10-
7 x 10-'

2x10-'

3 x 10 -a
3xlO-'
3xlO'

7X tO-'
3X10-6

3X10-7

4x10-7
Ax 10-

SX 10-7
tXl0-'

3X10-'

4X 10-'

4x10-'

I6x to-,

Ix 10-'
3X10-'
SX10'

2x10-'

2x10-'
3XI0 6

8iX 10-'

3x 10'

2X10-7

3x 10-4

2x10-'
aX1 o-'
6X10-7
SX 10-a

2x10'-

3x 0'*Ax 10 '

AX 10-'2xt0-6

3X10 '

2X10-'

6X 010^

4X10-5

3xl0-$
2x 10-$
4X 10a-
4Xi0-

2X10-'

2X10-'
lX10-'

6 x lO' '1

Table 11

Cl1. -A i Co. 2-
:01. -Air Water

TC 27m ----------

I-- 8IN ._I '^-
I einmi 1pw __

TC 99m.____

TCY9__ _-.

To 125tmn__

To 127m____

T* 127._--

To 12k - -.

To 129._

To 131m_..........

S

S
'S
S

S

S

S

S

S

SS

STerbkm (6) ... |Tbh6 .I

1l 200 .Thalfium (51) ._ .._.---..... .

T1 201 .. .. . . _ . s

Tl 202 .... ..

Tl 204 ........... S
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BACKGROuNO-Continued

(See footnotes at end of Appendax 8

Isotope' Table I Table ii

Element (atomic number ClI-i Col. 2- I Col.t I-Ar Col. 2-
J Ucill Water_ (&L/ml) W~&atern

Thorium (90).... ...... ..... ....... Th 227 ........

Th 228 ......

Th 230.__.._.._.__.

Th 231 ......

Th 232 ...

Th natural .._

ThuJllium . Tm 170 ..... ._

Tm 171.................

Sn 113..._Th i

Sn 125 .... ..._
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Pt. 20 [§§ 20.1-20.6021, App. B 10 CFR Ch. 1(1-1-93 Edition)

APPENDIX B TO §§ 20.1-20.602-CONCENTRATIONS IN AIR AND WATER ABOVE NATURAL
BACKGROUND-COntinued

ISee lootnotes at end of Appendxf 81

Isotope Table I Table n1

Element (atomic number) Col. 2- Col. 2-Co. -Ar Water ClI-Ar Water
(Aif__) (rCiimI) ______Q (PLO/Ml)

Zrc (30..... ........... .Zn6.. ... . .S t xtO-i 3x10-' 4x10'I 1 X1O-'
I 6x10' 5x10-' 2xO1' 2x10'

Zn69m ........... S 4x10- 2xl0-' 1x10O' 7x1O-
I 3X10-7 2X1O-' 1x 10 l 6x10'

Zn69 ... . S 7x10- Sx10'- 2xlO'' 2x10-'
I 9x010'1 Sx10' 3xtlO1  2x 10'

Z~rconium (40) . ...... Zr93..... ............... S 1xtO1' 2xlO-' 4xIO-' 8x 10 '
I 3x 10' 2x l1O' 1xlO'' 8x10''

Zr 9S . . . S 1X10' 2x10'' 4x10- 6xlO-'
I 3x10- 2xO-1' 1x10' 6xtO-'

Zr 97. . ........ S 1 X1O0 5x10-' 4x1O-' 2x10-'
1 9X10- SX10-' 3x1O-' 2xlO-'

A sy s4e radonuclide not listed above _ Sub X ' ........ _ _. 3.x . .' ... .. ___
with decay mode Lir than alpha
emission or spontaneous fission and
with radioactive half-life less than 2
houms

Any sigler adionuclde not listed above -_._._.___._._.- 3x 10- 9xlO-' 1 x l0-' 3x10'
with decay mode other than alpha
emission or spontaneous fission and
with radioactive half-lite greater than
2 hours.

Any single radonuclide not listed XtO-1" 4xI10- 2X10 " 3x 10
above. which decays by alpha emis-
sion or spontaneous Ession.

'Solubble noluble S ()
'SLW means hat values given are for submersion in a semisphencal infinite cloud of aitbom materiaL
'These radon concentrations are appropriate for protection from radon-222 combined with its short-lived daughters

Alternatively. the value in Table I may be replaced by one-third (K) working leveeL" (A worlting lev is defined as any
combination od short-lived radon-= daughters. polorium-218. lead214. bismuth214 and polonium-214. in on liter of air.
without regard to the degree of equibriu that w resul h the ultimate emission of 13x 10 MeV of alpha particle energy.)
Te Table 11 v y be replaced by onhrieth ( of a w IleveL` The firn on radon-rM concentrations in
resticted areas may be based on an annual average.

'For soble mxrnes od U-238, U-234 and U-25 in air cemical toxcity may be theliming factor. If the percent by
weight-enictmenf) of U-235 is less than 5. he concentration value or a 40-hour w e Table 1, is 0.2 milligrams uranium
per cubic meter of air average. For any enrichment, the product of the average concentration and time of exposure durinr a
40-hour woriweek shal not exceed SxI10' SA aCi-hr/ml. where SA is the specific activity of the uranium inhaedT
concentration value for Table 11 is 0.007 milligrams uranium per cubic rneter of air. The specific activity for natural uranium is
&77x1r01 curies per gram U. The specific activity for other mixtures of U-238. U-235 and U-234. if not known. shaH be:

SA-lxS10'ctLa/gamnU U-depleted
SA=(0.4+0.38 E+0.0034 Ei 10-' El0.72

where E Is the percentage by we;gh^ of U-235, expressed as percent.
NomT In aty case where the is a mixture in air or water of more than one radlonuci the limitng values for purposes of

this Appendix should be determined as follows:
1. I the idently and ooncentration of each radioucide in the mixture are krown, the kmiting values should be derived as

follows: Determie, for each radioiuclide in th mixtue the ratio between the quanW present in the mixture and the limit
othewise established in Appendix r for the specific radionuclide when not In a mixt The sum of such ratios for ad the
radbonuclides in the mixture may not exceed '1" (e.. 'uity")

EXAMPLE If radionuclides A, B. and C are present in concentrations CQ C., and Cc. and It the applicable MPCs. are MPCA..
and MPCf, and MPCe respecvely, then the concentrations shag be limited so that th following relationship exists:

(CA/MPCj+(Cu/MPC5)+(CSMPCJ A1
2. If either the identity or the concentration of any radionuclide in the nricte is not known, the limiting values for purposes

of Appendix 8 shall be:
a For purposes of Table 1. Col. 1-6X 10x "
b. For purposes of Table . Col. 2-4 x 10'
c. For purposes of Table II. Col. 1-2x l0 "
d. For purposes of Table II. Col. 2-3x 10'
3. any of the conditions specified below are met the corresponding values specified below may be used in lieu of those

specified in paragraph 2 above.
a. if the identity of each radionuclide in the mixture is known but the concentration of one or more of the radionuclides in

the mixture is not known the concentration limit for the mixture isthe limit specified in Appendix 8- for the radionuclide in the
mixture having the lowest concentration limit; or

b. U the identity of each radionuclide in the mixture is not known. but it is known that certain radionuclides specified in
Appendix -8- are not present in the mixture. the concentration limit for the mixture is the lowest concentration limit specified
hi Appendix "B" for any radionuclide which is not known to be absent from the mixture or

B-10 ODCM Rev. 16



Nuclear Regulatory Commission Pt. 20 (§§ 20.1-20.602], App. C

c. Element (atomic number) and isotope

If it is known that St 90. 1 125. I 126. 1129.1 131 (I 133. Table U only). Pb

210. Po 210. At 21 1. Ra 223. Ra 224. Ra 226. Ac 227. Ra 228. Th 230. Pa

231. Th 232. Th-nat. Cm 24t. Cf 254. and Fm 256 are not presenL .................. 9XIO-1 .3 x 1036 '

If it is known that Sr 90.1 125. 1 126. I129 (t 131.1 133. Table U only). Pb

210. Po 210. Ra 223. Ra 226. Ra 228. Pa 231. Th-nat. Cm 248. Cf 254.

and Fmn 2S6 are not present .... .......... ....... ... _ ................... . 6x.. . 2x 10-6
n xt is known that Se 90. 1129 ( 125. 126. 1 131. Table II only). Pb 210. Ra

226. Ra 228. Cm 248. and Cf 254 are not present_.... … -- 2 1- .2x ....... 6x10

It is known that ( 129. Table if only). Ra 226. and Ra 228 are not present_ . _..1_ ...... ..........3_ . .. lX 10 '

if it is known that alpha-emitters and Sr 90. 1 t29. Pb 210. Ac 227. Ra 228.

Pa 230. Pu 241. and Sk 249 are not present -.------_ . 3 x10* ................ 1x 10 .. _._._._

n x is known that alpha-emitters and Pb 210. Ac 227. Ra 228. and Pu 241

are not present ......... ....... 3x1 . . Ix10 " ..... . ......... _

K It Is known uat alpha-emitters and Ac 227 are not present _ _ _ _ 3x10- ................. 3I x 10 " _____..

f It is known that Ac 227. Th 230. Pa 231. Pu 238. Pu 239. Pu 240. Pu 242.

Pu 244. Cen 248. C 249 andC251d re not present_.___ --- _ 3x*0-: .....U.........1.x.10'
2 

I _ __

4. n a mixture of radionuclides consists of uranium and Xs daughters in ore dust prior to chemical separation of the uranium

from th ore. the values specified below may be used for uranium and Ks daughters through radium-226. instead of those from

paragraphs 1. 2. or 3 above.

a. For purposes of Table I. Col. 1-1x10 &CO/mW gross alpha actbvt or 5x10-" CI0ml natural uranium or 75

nmcrograms per cubic meter of air natural uraniurm.

b. For purposes of Table II. Col. 1-3x 10- ", La/ml gross alpha act~dvt 2X 10 " F#O/ml natural uranium: or 3 micrograms

per abic meter of air natural uranium.

S. For purposes of this note. a radronuclide may be considerd as 'not present in a mixture if (a) the ratio of IIe

concenxation of that radionuclide in the mixture (CA) to the concentration lmit bar tha radioruclide specified in Table II of

Appendix '-- (A(MA) does not exceed %D. (L&. CA,1PCAS1/10) and (b) the sum of such ratios for all the radionudcides

considered as not present in the mixture does not exceed K4 ie.

(CAM+ 6 _- . + S VY).

.. ODCM Rev. 16
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1.0 INTRODUCTION

Software testing as described in Reference (11 has been conducted for the

Seabrook Station version of the Canberra Effluent Management System (EMS). The

results and conclusions are presented in this report.

1.1 Background

Canberra Industries Inc. developed the EMS software to assist nuclear power

plant personnel track effluent emissions and perform associated dose

calculations. North Atlantic Energy Service Corporation purchased a Seabrook-

specific version the Canberra EMS software which must meet specific requirements

and incorporate site-specific information provided in the Offsite Dose

Calculation Manual (ODCM) [2]. Software testing was conducted to provide

assurances that the Seabrook EMS program produces results which are consistent

with current ODCM assumptions and methods. All executions of the EMS program

were performed at Seabrook Station on the target software. All executions of

ODCH Method II were conducted at Yankee Atomic Electric Company in Bolton,

Massachusetts.

1.2 Acceptance Criteria

The operability of the EMS software will be accepted if (i) information

contained in the EMS data files is consistent with the ODCH, (ii) test results

from the EMS program are consistent with results from ODCH 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 Seabrook approval of

verification testing results and criteria established by user needs.
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2.0 SUMMARY OF OBSERVATIONS

The ENS software testing included (i) identifying appropriate

meteorological set up data, (ii) review of dose and dose rate conversion factor

development, (iii) assessments for liquid releases, and (iv) assessments for

gaseous releases. ODCH Method I was used initially to confirm dose results from

the EMS program. However, the simplified nature of ODCH Method I made it

difficult to change the values of various parameters or obtain meaningful

comparisons (other than 'bottom line' comparisons). The more adaptable ODCM

method, Method II, was then used to confirm EMS doses. Observations made during

the software testing are summarized below.

2.1 EMS Dose and Dose Rate Conversion Factors

The EMS software uses precalculated conversion factors which are contained

in a data file. The dose conversion factors for both liquid and gaseous effluent

releases were developed for four age groups (adult, teen, child and infant), and

for specific organs (bone, livertotal body, kidney, lung, GI tract and skin).

The liquid release dose conversion factors in the EMS program are the summation

of the components for water recreation and ingestion of aquatic foods. The

gaseous release dose conversion factors are exposure pathway-specific (e.g.,

inhalation, ground plane, milk ingestion, etc.).

Dose conversion factors are provided in the EMS program for all exposure

pathways addressed in the ODC24. The development of all dose conversion factors

in the EMS program followed the pathway-specific equations in the Effluent

Management System Technical Reference Manual [3]. The EMS conversion factors for

several radionuclides were examined to determined that the development process

was consistent to the Technical Reference Manual and the ODCH.
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2.1.1 Liquid Release Dose Conversion Factors'

Although the individual components for the ingestion of aquatic foods were

found to be consistent with the ODCM, a discrepancy was discovered in the water

recreation component. The mixing ratio for shoreline activity used in the

development of the EMS dose factors is equal to 0.025. While this value is

inconsistent with ODCK 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 set of ODCH assumptions (those for Method I or those for Method II)

the EMS program is expected to adopt.

2.1.2 Gaseous Release Dose Conversion Factors

The EMS program uses dose conversion factors from Regulatory Guide 1.109

for assessment of noble gas releases. The dose factors in the EMS program were

verified against and found to be consistent with Table B-1 of Regulatory Guide

1.109 [4].

The development methods for the other gaseous dose factors (i.e., for

inhalation, ground plane, milk ingestion, meat ingestion, and ingestion of

vegetables) were reviewed against applicable equations in the Technical Reference

Manual and information in the ODCM. It is noted that the dose factors for

ingestion of milk and meat are based on the fraction of year that animals are

allowed to graze on pasture 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

with 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 ODCK

calls for the use of different values for SF in the calculations for doses and

3



dose rates.

2.2 Liquid Release Testing

Dose estimates from the EMS program for hypothetical liquid effluent

discharges (containing single nuclide and radionuclide mixtures) are nearly

identical to results from ODCH Method II when input data are based on the same

mixing ratio value, indicating that the calculation method used in the EMS

program is consistent with the ODCM. Additionally, the EMS routine(s)

responsible for liquid effluent concentrations comparisons to MPC values and

monitor set point determinations was observed to be operating properly.

2.3 Caseous Release Testing

The agreement between estimates for total body dose rates, skin dose rates,

and air (gamma and beta) doses due to emission of noble gases from the ODCM

methods and the EMS program is excellent, indicating that the EMS calculation

method is consistent with the ODCM.

There is also excellent agreement between inhalation doses from the EMS

program and ODCQ Method II indicating that, for the inhalation pathway, the

calculational method and assumptions in the EMS program are consistent with those

in the ODCH. The evaluation of the dose estimates via inhalation pathway

included both long and short release durations for an elevated (mixed mode) and

a ground level release point. The excellent agreement between the EMS and ODCH

Method II also confirms that the release duration adjustment term, t--, is

applied properly in the EMS program. However, an incorrect receptor location was

reported on the EMS printout in the tests (D-2c and D-2d) in which the Plant Vent

was changed to be recognized as a ground level release point.

Also noted during testing was that the EMS routine(s) responsible for

calculating effluent concentration-to-MPC ratios and radionuclide release rates

4



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]). In contrast, the

fraction of elemental iodine is assumed equal to 0.5 in the ODCH methods

(consistent with Regulatory Guide 1.109). Consequently, the EMS program produces

dose estimates due to radioLodine that are at least a factor of two greater than

doses from the ODCH methods. This difference increases to about a factor 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, Co6O and Cs137 revealed that the calculational methods used in

the EMS program are consistent with the ODCM for all exposure pathways (i.e.,

ground plane, inhalation, milk ingestion, meat ingestion, and vegetables

ingestion).

Technical Specification 3.11.2.1 and the ODCH require the calculation of

organ dose rates due to effluent discharges of 1131, 1133, H3 and particulates

with a half-life greater than 8 days. However, in all test cases involving these

types of nuclides, organ dose rate information did not appear on Page 4 of the

EMS printout. Instead, the message wNo calculations performed - check Sample &

Receptors' appeared. The EMS set up data and input were reviewed with no

apparent error identified. Since the test cases included Cs137, Co60, I131, and

5



H3, the missing dose rate information was unexpected. 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.

6



3.0 TEST CONCLUSIONS

Although the dose conversion factors are based on information which is not

completely consistent with the assumptions in the ODCM, the calculational. methods

used to determine doses from liquid and gaseous effluent discharges are

consistent with the ODCM methods.

Other conclusions are:

1. As stated in Section 2.1.1, the development of the EMS liquid effluent

dose factors is consistent with ODCM Method II, but not with Method I due

to the mixing ratio value. If the EMS program is intended to be a hybrid

method, the dose factors are consistent with the ODCH and are acceptable.

On the other hand, if the EMS program is intended to provide automated

ODCM Method I calculations, then the dose factor should be recalculated

using a mixing ratio for shoreline activity equal to 0.1.

2. Since the EMS program is not designed to support the use of two

shielding factors (one for dose rates and one for doses), use of a

shielding factor equal to 1.0 is acceptable with the understanding that,

although the dose rates 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 ODCK methods.

3. Under the normal ODCM assumption for elemental iodine, the results from

the EMS program will be at least a factor of two greater than results from

the ODCM methods. The different assumptions regarding the elemental

iodine fraction do not present a problem because each program is based on

NRC guidance: the EMS program is based on NUREG-0133, and the ODCH is

based on Regulatory Guide 1.109. Of the two methods, the EMS program

takes the more conservative approach toward estimating doses from
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radioiodine in gaseous effluent.

4. The radiation monitor set point determination method for liquid

releases produces a set point value that is consistent the ODCH set point

method.

5. The EMS routine that is responsible for comparison of liquid effluent

concentrations and HPC values is operating properly.

6. The release duration adjustment term, th, is used consistently to the

ODCH.
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4.0 SUMKARY OF DISCREPANCIES

Discrepancy Area of Impact Potential Solution(s)

Mixing ratio for Doses associated with Clarify whether the EMS
shoreline activity liquid effluent program is expected to
used in EMS discharges. follow ODCM assumptions
program. for Method I or Method II.

If determined to follow
Method I, recalculate dose
factors for liquid
releases.

EMS dose factors Doses due to ingestion of Recalculate EMS dose
based on Fp value milk and meat. factors for milk and meat
which is not ingestion pathways to
consistent with incorporate Fp value
ODCK. consistent with the ODCM.

Accept added conservatism
in EMS in calculations of
doses via milk and meat
ingestion pathways.

Shielding factor Doses associated with Accept use of SF - 1.0 and
(SF) applied gaseous effluent the added conservatism for
uniformly to dose discharges. doses.
rates and doses in
EMS program. Modify EMS software to

accommodate use of two
values for SF (one for
dose rates and one for
doses).

Incorrect receptor Potential assignment of Discuss with Canberra.
location doses to the wrong
identified on EMS receptor.
printout for
ground level
release point.

Assumed fraction Dose estimates due to Accept added conservatism
of elemental iodine in gaseous in doses due to iodine.
iodine used in EMS effluents.
program differs Modify EMS software to use
from ODCH methods. fraction for elemental

iodine that is consistent
with ODCH.
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Discrepancy Area of Impact Potential Solution(s)

Missing organ dose Technical Specification Discuss with Canberra.
rate information required dose rate not
on EMS printout calculated.
for effluent
discharges
containing I131,
I133, H3, and
particulates.
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I Attachment 2

2. Resolution of EMS Software Test Report Discrepancies

The following discrepancy resolutions apply to the findings contained in the

"Effluent Management System Test Report for Seabrook Station, May 1994" as noted on

pages 9 and 10 (see Attachment f1 of Appendix C of the ODCM). With the positive

resolution of the discrepancies identified in the EMS dose code, use of EMS as a

computerized alternative approach (designated as Method IA in the ODCM) to determine

compliance with the radioactive effluent dose and dose rate limits is acceptable
since the results are comparable with the currently approved dose methods.

Discrepancv:

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 ODCH. 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.

DiscreDancy:

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.

Discrepangy:

Shielding factors (SF) applied uniformly to dose rates and doses in the EMS program.

1
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2. Resolution of EMS Software Test Report Discreoancies (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 ODCH 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.

Discregancv:

Missing organ dose rate information on EMS printout for effluent discharges

containing 1-131, 1-133, 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 RS-844804

1. Scope

This document establishes the software requirements for the Effluent Management System (EMS)
software to be installed at North Atlantic Energy Services Corporation's Seabrook Station.

2. Applicable Documents

2.1 The following two documents are included as part of this SRS, and this SRS
refers to specific sections of them:

2.1.1 Southern Nuclear Operating Company Effluent Management System
Operators Manuar (07-0544), Version 1, January 1993.

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 (including screens and report
formats) imported from final manuals for other EMS packages. Utility and
plant names shown on screens and reports In these manuals are not
significant, since they are determined by database data that will be
customized to fit the Seabrook Station's usage.

2.2 The following document Is a reference source for calculation methods of the EMS
software. This SRS may refer to specific sections.

2.2.1 *Seabrook Station Offsite Dose Calculation Manual," Revision 12,
January 1993.

3. Interfaces

3.1 Hardware

The EMS software shall run on the following CPU model: DEC MIcrovax 3100, Model 8O.

3.2 Software

The software shall be written under VMS version 5.4-2 or later, using INGRES version 8.4
or later. It shall be written in VAXIFORTRAN or VAX-DCL. Utility programs provided by
INGRES that are installed on the hardware configuration may be used if applicable.
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3.3 Human

The user may be expected to have received operator training from the system manager,
CanberralNDS, 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.

3.4 Packaging

A distribution kit will be produced for the customer. Any removable medium supported by
the operating hardware delivered to the Seabrook Station Is an acceptable distribution

-medium.

* 4. Definitions

EMS - Effluent Management System. Software for determining effluent monitor setpoints,
tracking activity releases and dose Impacts of individual releases, and generating semi-
annual release reports.

SRS - Software Requirements Specification.

SNC - Southern Nuclear Operating Company

5. Principal Changes from Existing Package

The following paragraphs summarize the principal changes to the existing software that are
required for the Seabrook Station system, and are Intended only as introductory material.
Specifics of the required Seabrook Station EMS functionality are presented in the following
sections.

5.1 The EMS software will be developed by customizing the generic EMS package.
In general, the most Important changes from previous versions are as follows:

5.1.1 Modification to Gaseous Permit Processing to allow scaling of nuclides
for Plant Vent Spike release point

5.1.2 Modification of noble gas dose rate and dose calculation methods to use
a third set of X/Q values.

-2-
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5.1.3 Modification of noble gas dose rate and dose calculation methods to
multiply X/Q and DIQ values by a factor depending on the release
duration.

5.1.4 Modification to setpoint calculations to calculate setpoints for low gamma
concentration releases.

5.1.5 Modification of Permit Processing to automatically correct the expected
waste flow if it is greater than the calculated maximum waste flow.

5.1.6 Modification of Uquld Permit Processing to determine dilution flow rate
based on the number of pumps operating.

5.1.7 Modification of the permit reports to include Month-to-Date Cumulative
Doses and Alert Setpolnts.

5.1.8 Modification of Post-Release Permit Processing to update the monitor
response.

5.1.9 Addition of data to database to support and control the above operations.

-3-
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6. EMS Functionality

6.1 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:

* SCALNUC: For a gaseous release, a flag to denote that this release point will
have nucilde concentrations scaled so that the total concentration matches a
value entered by the user.

6.1.2 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 release
point will have a selection screen appear for the user to select the proper dilution
flow for the release based on the number of pumps operating.

6.1.3 On the Release Point Setpolnt transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

* DEFNUC: For a liquid or gaseous release, this parameter will contain the default
nuclide that will be used In setpolnt calculations for low gamma concentration
releases. This parameter Is used In conjunction with the DEF_CONC parameter.

6.1.4 On the Release Point Setpolnt transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)1, 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:

* DEFCONC: 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.JNUC
parameter.
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6.1.5 On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_TYPE: For a liquid or gaseous release, this parameter will contain the
default nuclide type that will be used In setpoint calculations for low gamma
concentration releases. This parameter Is used in conjunction with the DEF_NUC
and DEFCONC parameters. (Note: For a gaseous release, the default nuclide
type shall determine which monitor setpoint should use the default nuclide and
concentration.)

8.1.6 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:

* ALRTSET: For a liquid or gaseous release, this parameter will contain the
multiplier to be used In the calculation of Alert Alarm Setpoints for permit reports.

6.1.7 On the Release Point transaction [EM-DM-RP (Form 1)], the meaning of the
Response Option will change. When set to AY, this option will denote the display
of a Monitor Response window during the Post-Release Perrmit 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.

6.1.8 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 OJockey Pump" or "5'). In this transaction, the dilution flow
rate for particular pump configuration can be added.

8.1.9 On the Meteorological Data transaction (EM-DM-ME (Form 1)], several menu
options will added to the list of MET DATA TABLES. These additional menu items
are as follows:

X/Q - Noble Gases (Gamma)
Va Factor - D/0-Part/lodines

ga Factor - Noble Gases
a Factor- XIO-Part'lodines
a Factor - Gamma Noble Gases

-5i1P~f-Z
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6.1.10

6.1.11

On the Meteorological Data transaction [EM-DM-ME (Form 1)], the
following menu items will be used to store short-term (1 hour) D/O and
X/Q values.

DIQ - Partics/Radiolodines
XJQ- Partics/Radioiodines
XIQ - Decayed Noble Gases
XIQ - Noble Gases (Gamma)

Note: 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/O, and zag 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-GRJ, allow the X/Q, DIQ, and ea" factors to be
different for each receptor and/or release point.

Note: This specification item Is only for clarification and no additional code
changes need to be made to this transaction.

-6
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6.2 Editing Values through INGRES QBF

In addition to the Interactive forms-based EMS Database Maintenance transactions,
certain flags and values must be edited through INGRES QBF on the database tables
which contain data not accessible through the forms-based transactions.

6.2.1 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:

sampleld (sample ID)
dvdate (dilution volume date)

tvol (total volume)

aflow (average flowrate)

o [not used]
The first day of the month to which the
volume applies (time not required).
Dilution volume for the month, In user
units.
o [not used]

A

form �0
-7-



Software Requirements Specification RS-844"*4

6.3 Uquld Pre-Release Processing

6.3.1 User Interface and Functionality

Uquid 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 On the Uquid Permit Definition Screen (Screen 3.04):

Upon entering the perrdt definition screen, if the DILOOKUP parameter Is
set to v 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 'Tabe or aRetum" 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.

6.3.1.2 On the Uquld Permit Definition Screen (Screen 3.04):

When a Fillr (F1 4) or a OSave* (F1 0) without a "FillI Is executed, if the
DILOOKUP parameter is set to v'Y for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
Is set to zero, a selection screen, as described above wlHl appear.

Once a selection of the Dilution Flow Rate Is complete, the selection
screen will disappear and the "Fill operation will continue. Upon
completion, the selected dilution flow rate will appear in the Dilution Flow
Rate parameter on the Permit Definition Screen.

If the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOKUP parameter Is set to Y", the fill will
proceed as normal without the dilution flow rate selection screen
appeanng.
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6.3.1.3 Priorto enteding the Uquid Permit Approval Screen (Screen 3.09):

If it Is determined that the computed maximum waste flow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. If the anticipated waste
flow Is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.

6.3.1.4 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 DEFTYPE parameter.

8.3.1.5 The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will no longer appear while processing a Pre-Release
Permit when the Response Option Is set to AYd on the Release Point
transaction [EM-DM-RP (Form 1)].

6.3.2 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 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 0Open* and Closedo permits Including the permit for
which the report Is being generated. These dose values will appear
immediately below the uThs Release row of doses.

6.3.2.2 On the Pre-Release Permit Report (3.01), an Alert Alarm Setpoint will
appear below the Max Monitor Setpolnt Value. The Alert Alarm Setpoint
will be calculated by using the multiplying the release point setpoint value
by a multiplier specified with the ALRTSET parameter mentioned above.

6.3.2.3 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.

-9-\
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6.32.4 On the Pro-Release Permit Report (3.01), the calculation of setpoint data
for additional dilution flow rates (under Pre-Release Calculations) will use
dilution flow rate values from the Dilution Streams transaction [EM-DM-
DS] for a specific dilution stream. Up to four dilution flow rates which are
larer than the dilution flow rate parameter entered on the Uquid Permit
Definition Screen (3.06) will be used.

6.3.3 Underlying Calculations

The calculations performed by the EMS software for Uquid 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.

-1 0 1T 63
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6.4 Uquid Post-Release Processing

6.4.1 User Interface and Functionality

Uquid Post-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:

6.4.1.1 On the Uquid Permit Definition Screen (Screen 3.13):

If the DILOOKUP parameter is set to "' for the release point and a user
uses the 'Tab' or 'Return 3 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.

6.4.1.2 On the Uquld Permit Definition Screen (Screen 3.13):

When a 'Fill* (F1 4) or a *Save" (F1 0) without a wFill' is executed, if the
DILOOKUP parameter is set to s'V for the release point associated with
the current permit being processed and the Dilution Flow Rate parameter
is set to zero, a selection screen, as described above wilN appear.

Once a selection of the Dilution Flow Rate is complete, the selection
screen will disappear and the 'Fill" operation will continue. Upon
completion, the selected dilution flow rate will appear In the Dilution Flow
Rate parameter on the Permit Definition Screen.

If the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOKUP parameter is set to "YE, the fill will
proceed as normal without the dilution flow rate selection screen
appearing.

6.4.1.3 (Item removed since actual waste flow is known at time of post release
processing.)
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6.4.1.4 The Monitor Response Screens for Release Points and Discharge Points
(Screen 3.08) will appear while processing a Post-Release Permit when
the Response Option is set to Y" on the Release Point transaction [EM-
DM-RP (Form 1)]. These screens will appear following the Nuclide
Concentration Screen (Screen 3.15). The monitor response values
entered should include the monitor background values.

6A.2 Associated Reports

Uquid 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 values will appear
Immediately below the 'Tis Release' row of doses.

6A.3 Underlying Calculations

The calculations performed by the EMS software for Uquid Post-Release Pernits
shall produce the same results as those described In Chapter 2 (section 2.7) of
the EMS Technical Reference Manuaal (Reference 2.1.2), with no revisions.

-12-
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6.5 Liquid Permit Editing

6.5.1 User Interface and Functionality

Functionality for editing liquid permits through the EMS software shall be as
described In section 3 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:

The appearance and functionality of the liquid permit definition screen and the
monitor response screen shall be modified as described for the Pre-Release stage
In sections 8.3.1 and 6.4.1 above.

6.5.2 Associated Reports

The permit report format and contents for edited open and closed liquid permits
shall be as specified above for original permit reports, in sections 6.3.2 and 6.4.2,
respectively.

6.5.3 Underlying Calculations

The calculation methods for editing open and closed liquid permits shall be as
specified above for original calculations, in sections 8.3.3 and S.A3, respectively.

6.6 Liquid Permit Deletion

Functionality for deleting liquid permits through the EMS software shall be described
section 3 or the EMS operators Manual (Reference 2.1.1).

-13
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6.7 Gaseous Pre-Release Processing

6.7.1 User Interface and Functionality

Gaseous Pre-Release Processing functionality for the EMS software shall be as
described In section 4 of the EMS Operators Manual (Reference 2.1.1), with the
following revisions:

6.7.1.1 On the Gaseous Permit Definition Screen (Screen 4.05):

The Initial Pressure and Final Pressure parameters shall be deleted.

6.7.1.2 On the Gaseous Nuclide Concentration Screen (Screen 4.06):

If the SCAL_NUC parameter Is set to wI, when exiting the Concentration
Screen by hitting uProcess' (Do), the user will be prompted for the total
nuclide concentration of permit. The concentrations are then 'scaledo
and then stored Internally. 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.

6.7.1.3 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 setpolnt calculations. This default concentration will not be used
for updating curie, dose rates, or dose totals.

The default nuclide will be attained from the DEF~_NNUC parameter. The
default concentration for this nuclide will be attained from the
DEFCONC parameter. The default type for the default nuclide should
be attained from the DEFTYPE parameter.

6.7.1.4 The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will no longer appear while processing a Pre-Release
Permit when the Response Option Is set to aYi on the Release Point
transaction [EM-DM-RP (Form 1)].

6.7.1.5 Prior to entering the Gaseous Perrdt Approval Screen (Screen 4.09):

If It Is determined that the computed maximum waste flow is less than the
anticipated waste flow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.

4-
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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
following revisions:

6.7.2.1 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
"CIosedo permits Including the permit for which the report is being
generated. These dose values will appear Immediately below the 'This
Release row of doses.

6.7.2.2 On the Pre-Release Permit Report (4.01), the "scaled noble gas
concentrations shall appear on the Isotopic Identification page of the
report if the SCAL._NUC parameter Is set to *Y" for the release point
where the release is being made.

6.7Z3 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 calculated by multiplying the noble gas monitor
setpoint value by a multiplier specified with the ALRTSET parameter
mentioned above.

6.7.2.4 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.

6.7±5 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

6.7.3 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):

Dt e shf - X/Qg * 8760-a * Fo * £ (Kj * QRiv)

where

Dt = the total body dose rate due to gamma emissions by noble
gas releases from vent v (mrem/yr)

shf = shielding factor (dimensionless)

QRiv = release rate of noble gas radionuclides, i, in gaseous
effluents from vent or stack v ( plOlsec).

Fo = occupancy factor defined for the receptor at the given
location (dimensionless)

* * total body dose factor due to gamma emissions for noble
gas radionucilde I (mremfyr per p0C1/m 3)

XIQg = highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (sectm3)

87 6 0 a= adjustment factor used to convert the 1-hour X/O value to
an average 1 year X/Q value (dimensionless)

where

8760 = number of hours In a year

.a = "a factor for gamma noble gas XIQ

* For Noble Gas Total Body Dose (for vents or stacks c 80 meters):

shf * Fo - X (KI - QRiv) - XIQg . t-a
D, =

(S26 * 1 05 I dur)

where

Dtb = total body dose from gaseous effluents (mrem)

5.256 * 105 = number of minutes in a year

dur = duration of the release (minutes)

-16- A \v



Software Requirements Specification RS-8US-04

t-a = adjustment factor to convert the 1-hour XIQ value to the
short term X/Q value for the release (dimensionless)

where

t = duration of release (hours)

a = ma factor for gamma noble gas X/Q

* For Noble Gas Skin Dose Rate (for vents or stacks c 80 meters):

DS= shf* Fo*zQR1 v*[(Lj *XJQ*8760-b)+(1.11 M1 *X/Qg . 8760-a)]

where

Ds = skin dose rate from gaseous effluents (mremnyr)

X/Q = highest value of the noble gas 1 -hour XIQ for vent or stack
v at the site boundary (sectm3)

= air dose factor due to gamma emissions for noble gas
radionucilde I (mrad/yr per pCVm3)

1.11 - conversion factor from mrad to mrem

4. = skin dose factor due to beta emissions for noble gas
radionucflde I (mrem/yr per pCVm 3)

b , ae factor for noble gas X/Q

* For Noble Gas Skin Dose (for vents or stacks c 80 meters):

shf * Fo * Z QRIv.* I(4 * X/Q * tH') + (1.11 X/. g a)]

(5.256 * I05 I dur)

where

Dsk - total skin dose from gaseous effluents (mrem)
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* For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80
meters):

D V - (3.17 * 10-8) *XQg * ta * Fo * Z M; * qiv

where

D ̂  = total gamma air dose from gaseous effluents (mrad)

3.17 * I0 4 = Inverse of number of seconds in a year

QiV = release of noble gas radionuclides, i, In gaseous effluents
from vent or stack v (pCi)

Qiv = QR1v *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):

Do = (3.17 10 4)-XJQ tb -Fo Ni-Qiv

where

Do = total beta air dose from gaseous effluents (mrad)

Ni = air dose factor due to beta emissions for noble gas
radionucflde I (mrad/yr per pCVm 3)

* For Critical Organ Dose Rate-Inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):

DRra XWr * 8760- *Z Pipta * QRiv

where

DRTa = dose rate for age group a and organ r from lodines and
particulates with half lives greater than 8 days In gaseous
effluents (mrem/yr)

PIpTa = dose factor for each radionuclide I, pathway p, organ T,
and age group a (mrenVyr per pCVm3)
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X/Or - highest value of the radiolodine/particulate 1-hour X/0 for
vent or stack v at the site boundary (sec/n 3)

o = a factor for Radioiodine/Particulate )XQ

Note: It is assumed PipTa will not contain long terr XIQ or D/O
values.

For Critical Organ Dose Rate-round and Food Pathways (for vents
or stacks c 80 meters):

DRTa, D 0/0 8760-d - I RIpTa - QRiv

where

D/0 - highest value of the 1 -hour deqosition factor at the
distance of the site boundary (1/rn')

d = a factor for D/0

Ripra * dose factor for each radionuclide i, pathway p, organ r,
and age group a (m2 * mremnyr per pCVsec)

Note: It Is assumed RipTa will not contain long term X/Q or D0/
values.

* For Critical Organ Dose-Inhalation Pathway and all Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

DTa = (3.17*10 8 )*X1Qr*'t- *Fo* zPpra * qiv

where

DTa = dose for age group a and organ r from lodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)

Note: it Is assumed PIpTa will not contain long term X/O or D/0
values.
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* For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks c 80 meters):

Dya (3.17*10B)*DJQ*tCd*Fo* ZRipTa* Qiv

Note: It Is assumed RipTa will not contain long term XJQ 0. D/Q
values.

6.7.3.2 On the Nucilde Concentration Screen (Screen 4.06), nuclide
concentrations will be "scaled If the SCALNUC parameter Is set
properly for a Release Point. Tis ascaling Is described as follows:

Cinew (t / s) * Cl

where

*Cwnew = concentration (after scalingl of nuciide1
s = sum of all nuclide concentrations on the Nuclide

Concentration Screen.
t = total nucide concentration entered by the user
Ci = concentration (before scafing of nuclde1

-20- 2



Software Requirements Specification RS84804

6.8 Gaseous Post-Release Processing

6.8.1 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 On the Gaseous Permit Definition Screen (Screen 4.14):

The Initial Pressure and Final Pressure parameters shall be deleted.

6.8.1.2 On the Gaseous Nucilde Concentration Screen (Screen 4.15):

If the SCALNUC parameter is set to "Yo, when exiting the
Concentration Screen by hitting 'Process (Do), the user wiN be prompted
for the total nuclide concentration of permit. The value entered for the
total nuclide concentration while opening the permit shall be displayed as
a default value which can be modified. Once the value Is
entered/accepted the concentrations are then uscaled' 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 Processing for an explanation of the ascalingo of
concentrations.)

NOTE: 'This method requires the VAXGSP (F12) file transfer has
occurred bringing the representative nuclide concentration values to the
screen prior to 'Save of data.

6.8.1.3 The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will appear while processing a Post-Release Permit when
the Response Option Is set to wY* on the Release Point transaction [EM-
DM-RP (Form 1)1. These screens will appear following the Nuclide
Concentration Screen (Screen 4.15). The monitor response values
should include the monitor background values.

6.8.1.4 (Item removed since actual waste flow Is known at time of post release
processing.)

6.8.2 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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6.8.2.1 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 "Openu 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.

6.8.2.2 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 made.

6.8.2.3 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.

6.8.3 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):

Dt = shf * X10g 8760-a - Fo * I (Ki -QRiv)

where

Dt = the total body dose rate due to gamma emissions by noble
gas releases from vent v (mremlyr)

shf = shielding factor (dimensionless)

QRiv = release rate of noble gas radionuclides, i, In gaseous
effluents from vent or stack v ( pCVsec).

Fo  = occupancy factor defined for the receptor at the given
location (dimensionless)

KY = total body dose factor due to gamma emissions for noble
gas radionuclide I (mrem/yr per #CVm3)
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XIQg , highest value of the noble gas 1-hour X1Q for gamma
radiation for vent or stack v at the site boundary, (secrnm3)

876 0a, adjustment factor used to convert the 1-hour X/O value to
an average 1 year X/Q value (dimensionless)

where

8760 = number of hours in a year

a = la factor for gamma noble gas X/0

* For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf * Fo * Z (KI * QRyv) * X/Qg * t-a

(5.256 * 1 0 / dur)

where

Dtb = total body dose from gaseous effluents (mrem)

5.256 * 105 = number of minutes In a year

dur - duration of the release (minutes)

ra = adjustment factor to convert the 1-hour X/O value to the
short term XIQ value for the release (dimensionless)

where

t = duration of release (hours)

a a! factor for gamma noble gas X/Q

* For Noble Gas Skin Dose Rate (for vents or stacks c 80 meters):

DS= shf*Fo*ZQRiv*[(Lj4 *XQ*8760b)+(1.11M *XJ g 8760-a)

where

Ds = skin dose rate from gaseous effluents (mremlyr)

XIQ , highest value of the noble gas 1 -hour X/O for vent or stack
v at the site boundary (sec/m 3)
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MI = air dose factor due to gamma emissions for noble gas
radionuclide I (mradtyr per pCVm 3)

1.11 conversion factor from mrad to mrem

= skin dose factor due to beta emissions for noble gas
radionuclide I (mrem/yr per pCVm3)

b = Wa factor for noble gas X/Q

* For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shf * Fo * Z QRiv * [L - X/Q - tab) + (1.1 1 Mi * XfOg * t a)]

(5.256 . 105 1 dur)

where

DSk = total skin dose from gaseous effluents (mrem)

* For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80
meters):

-Dy (3.17*108)-*XQg*t-a*FOh*M *Q1 v

where

Dy = total gamna air dose from gaseous effluents (mrad)

3.17 * 108 Inverse of number of seconds in a year

a^v = release of noble gas radionuclides, i, In gaseous effluents
from vent or stack v (pCi)

Rev = QRiV - dur * 60

where

60 = number of seconds In a minute

a7
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* For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

Dip - (3.17 -10-8) .X0- zt-b- o-ZNI - OIV

where

Dp = total beta air dose from gaseous effluents (mrad)

N1  = air dose factor due to beta emissions for noble gas
radionucilde i (mrad/yr per uClm 3)

uD

* For Critical Organ Dose Rate-Inhalation Pathway and anl Pathways
for H-3, C-1 4 (for vents or stacks c 80 meters):

DRa = Xar * 8760S * £ pra - QRiv

where

DR-ta. dose rate for age group a and organ T from lodines and
particulates with half lives greater than 8 days In gaseous

* effluents (mremlyr)

P1pTa - dose factor for each radionuclide I, pathway p, organ r,
and age group a (mremayr per yCl/m3)

War = highest value of the radioiodine/particulate 1 -hour X/Q for
vent or stack v at the site boundary (sec/m 3)

c , a" factor for Radiolodine/Particulate X/Q

Note: It is assumed Pipra will not contain long term X/O or D/0
vabues.

* For Critical Organ Dose Rate-round and Food Pathways (for vents
or stacks c 80 meters):

DRTa - D/ . 8760-d * £ Ripra * QRiv

where

D/O - highest value of the 1-hour deposition factor at the
distance of the site boundary (1/mZ)

d = *a factor for DIG
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RipTa = dose factor for each radionuclide i, pathway p, organ r,
and age group a (m2 . mrem/yr per pCisec)

Note: It is assumed RipTa will not contain long termh 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):

DTa = (3.17 1O4-)- XQrtc Fo iPlpTa QIv

where

DTa = dose for age group a and organ r from lodines and
particulates with half lives greater than 8 days in gaseous
effluents (mrem)

Note: It is assumed Pipra will not contain long term X/Q or D/I
values.

* For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks c 80 meters):

DTa = (3.17*10) *DIQ*tdCIFo*ZRipra*Qiv

Note: It Is assumed Ripra will not contain long term X1Q or D/I
values.

6.8.3.2 On the Nuclide Concentration Screen (Screen 4.15), nuclide
concentrations will be "scaled" If the SCALNUC parameter is set
properly for a Release Point. This "scalingw Is described as follows:

Cinew (t / s) * CS

where

Cinew = concentration (after scaling) of nuclide1
S = sum of all nuclide concentrations on the Nuclide

Concentration Screen.
t = total nucide concentration entered by the user
Ci = concentration (before 'scaling) of nuclide1
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6.9 Gaseous Permit Editing

6.9.1 User Interface and Functionality

Functionality for editing gaseous permits through the EMS software shall be
described In section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following 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.

6.9.2 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 8.8.2, respectively.

6.9.3 Underlying Calculations

The calculation methods for editing open and closed gaseous permits shall be
specified for original calculations, in sections 6.7.3 and 6.8.3, respectively.

6.10 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).

-27-
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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

the greater of 1 00 Da / QLa

where

Dag = the gamma air dose In the applicable quarter at the site
boundary receptor due to noble gas emissions (mrem)

Dab = the beta air dose In the applicable quarter at the site
boundary due to noble gas emissions (mrem)

QLag = the quarterly limit on Dag (mrem) [usually 5]

QLab = the quarterly limit on Dab (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 Applicable 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 ( Di,T) / OLrp
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where

Di T = the dose to organ T of the controlling receptor, in the
applicable quarter, due to gaseous emissions of
radionuclide I (mrem)

The summation is over all non-noble gas radionuclides with
half-lives greater than 8 days, including radioiodines,
particulates, and tritium.

QLro the quarterly limit on the controlling receptor organ dose
due to gaseous effluents (mrem) [usually 7.5]

6.11.1.2 On Report 5.02 (Uquid Summation of An Releases):

For each quarter q In the report, calculate the reportable dilution volume
(DVrqt In liters) for the portion of the quarter that Is within the report
dates. It Is the sum of the reportable monthly dilution volumes (DVrM) In
user units for all the months in the quarter that are within the report dates:

DVrq 28.31 6B85 scdolf -z DVrm

The values DVrM are from the column tvol of the QDVOL table. The
value DVrq Is Included In the report on line F, and Is used in the
calculations below. *sd ivolt should be the user unit conversion factor to
convert from user units to ft3 . 28.31685 is a unit conversion factor from
ft3 to liters.

For each space on a line titled "AVERAGE DILUTED CONCENTRATION
DURING PERIODO, the average concentration (Cq, in puCi/rni) for the
respective quarter Is computed as follows (where I ranges over only the
nucildes In the category):

Cq - l Clq - [Actq/ (1000 * DVrq))

where

ACtiq = total activity of nuclide I released during the portion of the
quarter q that is within the period (pCi)

DVrq = reportable dilution flow for the portion of quarter q that is
within the report period (liters), as calculated above.

* Compute each value on Uine A.3 and B.3 of the report by taking

thegreaterof I 1 0 0 - Dt/ /QLKt
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where

DR = the liquid total body dose In the applicable quarter at the
site boundary receptor (mrem)

Djo = the liquid maximum organ dose In the applicable quarter at
the site boundary (mrem)

QLR = the quarterly limit on Dt (mrem) [usually 1.5]

QLlo = the quarterly lmit on D1o (mrem) [usually 5]

A note will be made at the bottom of the report stating whether the liquid
total body dose and Its associated limit or maximum organ dose and Its
associated limit were used for the Percent of Applicable Umit.

Compute each value on fine C.3 of the report as follows:

Pq =100-C q/Ldg

where

Cq = sum of noble gas concentrations

Pq = Percentage applicable to a given quarter for dissolved and
entrained gases

Ldg Uquid dissolved gas limit (pCVml) [usually 2.OE-041

6.11.2 EMS Trend Plots

Trend Plotting functionality for the EMS software shall be described in section 5 of
the EMS Operators 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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CHAPTER 1

INTRODUCTION

The Effluent Management System (EMS) Software implements the
requirements for determining limits and doses for the routine liquid
and gaseous releases from nuclear power plants. The calculations
and methodology are based on those described in U. S. Nuclear
Regulatory Commission Regulatory Guide 1.109 and references
described therein. These equations reduce to those described in
NUREG-0133 by proper selection of parameters.

This manual describes the calculations used in the LRW/GRW program
for handling liquid and gaseous releases and preparing the semi-
annual report, and the equations used in the DFP option for
calculating the relevant dose factors.

This manual describes the new IOCFR20 (1992) as well as old 10CFR2Q
requirements.

For a nuclear power plant, the Off-Site Dose Calculation Manual
(ODCM) describes the methods used at that plant for complying withC t the effluent release portions of the technical specifications and

the requirements of 10CFR20 and Appendix I of 10CFR50.

The concentration and dose limits that are required to be met are:

o For radioactive liquid effluents, the concentrations
released to areas beyond the site boundary are limited to:

MEC values given in old 10CFR20, Appendix B, Table II.
OR

ECL values given in new 10CFR20, Appendix B, Table 2.

where ECL values are effluent concentration limit values.

o For radioactive liquid effluents, the maximum dose to any
member of the public will be less than the limits given in
lQCFRSO, Appendix I.

o For gaseous effluents, the old 10CFR20 requires that the
dose rate at any location beyond the site boundary will be
limited to the annual dose limits given in the Technical
Specifications and corresponding to the concentrations in
Appendix B of the old 10CFR20. The old IOCFR20 approach
for gaseous effluents has been accepted by the NRC for use
under the new 10CFR20.

-1 pj 40

0Cocw raz



o For gaseous effluents, the maximum dose to any member of

the public will be less than the limits given in 1OCFRSO,

Appendix I.

o The maximum dose to any member of the public will not

exceed the limits given in 40CFRl90.

The equations employed for calculating the dose and dose factors are

taken from NUREG-01331 and Regulatory Guide 1.109.2

For a particular nuclear plant,, the ODCM describes the physical

configuration of release sources and release points for routine and

non-routine liquid and gaseous effluents, the monitor setpoint

calculations, dose, and dose rate calculations.

1.1 SETPOINT CALCULATIONS

Calculations are made for the radiation monitors to determine the

alarm/trip setpoint so that 1OCFR20 compliance is met. For the old

1OCFR20 compliance, liquid calculations use the maximum permissible

concentrations from lOCFR20 App. B, Table 2, column 2, and the more

conservative value (smaller) of the soluble and insoluble values

while gas calculations use dose rate equations and limits from

NUREG-0133. To comply with the new lOCFR20 requirements, the

effluent concentration limits are used for liquid setpoint

calculations. For gaseous setpoint calculations under the new

lOCFR20, the NRC is still allowing the use of dose rate equations

and limits from NUREG-0133..

In the terminology of EMS, individual sources of radiation, such as

storage tanks, the contaiinment building, etc., are defined as

"release points." Several release points may lead to the same

"discharge point."

Setpoint calculations produce monitor limiting values in activity

units (#Ci/ml or pCi/cc). These are then converted to user units,

e.g. counts per minute (cpm). For gaseous releases, setpoint can be

reported as release rates (pCi/sec). The reporting units for each

monitor can be defined separately.

EMS allows setpoints to be set for both the release points and the

discharge points. In the case that the release point and the

discharge point are the same, or use the same physical monitor, the

same discharge setpoint value is reported for both. This use of the

same discharge setpoint value can be disabled.
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EMS has a "nuclide specific" option. In this option only the
nuclides listed in the monitor slope table are used in the setpoint
calculations.

1.2 RELEASE PROCESSING

For batch releases, the processing of releases consists of sampling
the tank or volume of air, analyzing the radionuclide content, then
using the radionuclide concentrations and estimated release flows,
volumes, etc. and calculating the doses and setpoints, comparing to
the 10CFR20 limits, and comparing to the 1OCFR50 limits. If the
limits are not exceeded, the pre-release permit is signed off and
the release can occur. After the release, post-release processing
performs the same calculations (except the setpoints are not needed)
and the database is updated with the actual values for the release.

For continuous releases, many installations prefer not. to generate
an actual pre-release permit, but for the sake of analogous
operation, pre-release calculations must still be made in EMS.
After review, the post-release calculations are made to update the
database.

EMS does not allow more that one open release'at a time for a single
release point. Eowever, multiple releases may be open for one
discharge point. Also, for discharge points, the setpoint is
calculated by summing over all open releases for the time period
involved. An alternative approach if a new permit must be opened
before the actual information for the previous permit are available
is to go ahead and close the release using the pre-release values
and then edit this closed release later when the actual information
becomes available.

1.3 COMPOSITE NUCLIDES

The standard radionuclide analysis, with high-resolution germanium
detectors, quantifies the gamma-emitting radionuclides. Pure beta
emitters, nuclides that decay by K-capture, and alpha emitters are
handled with other detection mechanisms. These are usually not
tracked individually by sample, but as a composite of many samples
over a month or quarter period. The concentrations of the composite
nuclides are combined with the concentrations of the individual
nuclides determined from gamma analysis for each sample.
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For liquid releases, the composite nuclides are generally H-3,

Fe-55, Sr-89, Sr-90, and gross alpha. For gaseous releases, Fe-55

is generally not included.

In EMS, these are contained in an editable file 
designated by the

composite ID number. Each release point definition specifies which

composite ID is used with the release point. 
These can be the

composite nuclides, or any other nuclides desired.

Composite samples produced by taking portions 
of the samples from

individual releases are analyzed after the releases 
are over. Since

these generally do not vary much from one period 
to the next, it is

common to use the most recent values. However, EMS provides the

option of updating the composite values for the 
proper time period

and recalculating the activity and dose.values in the database.

The EMS composite update process processes only 
those nuclides

listed in the Composite ID for-the release point. For 
each nuclide,

the curies and doses based on the previous value are subtracted

from the cumulative totals and the curies and 
doses based on the

correct value are added into the cumulative totals.

For the setting of flags to control options in 
the EMS code, see the

NAESCO Seabrook Station EMS Operator's Manual 07-0589.
41�"
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CHAPTER 2

LIQUID RELEASE CALCULATIONS

2.1 LIQUID PRE-RELEASE PERMIT

A liquid pre-release permit is generated with a program that uses
the nucli-de activities to determine the radiation monitor setpoint
(for lOCFR20 compliance) and the potential doses for lOCFR50
compliance.

i) * Continuous releases are treated similarly.

2.2 1OCFR20 COMPLIANCE

IOCFR20 compliance calculations are broken down into two paths. The
first path calculates compliance with the old IOCFR20 in which the
calculations are based on Maximum Permissible Concentrations. The
second path complies with the new IOCFR20 and is Effluent
Concentration Limits based.

lOCFR20 requires that the sum of concentrations divided by MPC (old
1OCFR20) or ECL (new lOCFR20) values must not exceed unity for MPCs
or 10 for ECLs:

OLD 1OCFR20 NEW lOCFR20

- i Ci/MC i OR , S -i Ci/ECLi s 10

for concentrations Cj released from the site. MPCi is the maximum
permissible concentration from the old 1OCFR20, Appendix B, Table
_I, Column 2, for nuclide i and ECLi is the effluent concentration

V limit from the new 1OCFR20, Appendix B, Table 2, Column 2, for
-<~ nuclide i..
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If the summation is greater than the limit, then dilution is

required. The required dilution factor is:

If the 10CFR20 option is OLD:

Ci

iMPC
D i
req f * Rmax

where

Dreq ' Total required dilution factor

Ci - Concentration of nuclide.i in yCi/mL

HPCi- Maximum permissible concentration of nuclide i in

pCi/mL

f - Release point setpoint safety factor (usually equal to.

0.5) from the release point definition.

Rmax= The maximum NPC ratio from the release point setpoint

definition.

If the I0CFR20 option is NEW:

Ci

i~g ECLj

reqg f a Rmax

C.

E gCLs
D -i-ng ECi

Dreq,,ng7 f R
max

D '
req req,g + Dreq,ng

where

Dreqg = Required dilution factor for gamma-emitters

Dreq,ng Required dilution factor for non-gamma-emitters

ECLi = Effluent concentration limit of nuclide i in

PCi/mL

2-2
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.-
and the sums extend over gamma-emitters (g) and non-gamnma-emitters
(ng), respectively.

Any nuclides with MPC 1 s 0 are excluded from the sum.
Any nuclides with ECLi s 0 are excluded from the sum.

The available dilution flow is the minimum dilution stream flow that
can be ensured for the period of the release, corrected for other
releases in process and any activity in the dilution stream, and
reduced by a safety factor.

a -F (f /lO) (I -Z C /XXXavail an

where

Ci - Concentration (pCi/ml) for nuclide i for the dilution
stream sample

XXXi - HPCi or ECLi

ff - Flow safety factor, in percent

rant Anticipated dilution flow rate for the release

The anticipated dilution factor is then

Dant Fwaste alloc avail )/ waste

where

F wt' waste flow anticipated for this release

Favail= available dilution flow

f -= fraction of available dilution stream flow allocated to
o this release

2-3
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Dissolved and Entrained Gases

To implement lOCFR20, it is also required that the total

concentration of dissolved and entrained gases in liquid 
effluents

be less than a specified value (normally, 2 E-04 yCi/mL under OLD.

lOCFR2O, or 1 E-04 pCi/mL under NEW lOCFR20). EMS stores this limit

in the Activity Limits transaction, checks this limit for each

liquid permit, and indicates on the permit approval screen 
whether

or not it is exceeded. To include dissolved noble gases in the Dreg

calculation, the database must also contain the same limiting 
value,

as the liquid MPC or ECL for each noble gas nuclide.

2.3 MAXIMUM WASTE FLOW

The maximum waste flow calculation is based on the setting of the

SET OPT option in the WFLOW M class of options in the Release 
Point

Setpoint definition. This option can take on four values: NONE,

NWAS (no waste), CALC or DOSE. For liquid releases, NONE, NWAS, and

CALC are allowed.

For liquid releases,

WrNax the minimum of R, and R _

where

Wmax- Maximum permissible waste flow rate for this release

Rwmax - Release point maximum waste flow rate, as-set in the

release point definition

If the SETOPT option- NONE:

RC waste flow rate for the sample, Fwaste

If the required dilution factor, Dreq (section 2.2) for the

samp;le is greater than 1, Rcwma becomes:

Favail falloc
R'

D - 1.0
Dreq .

If the SET OPT option CALC

Favail falloc + Fwaste

Rcwnax =

Dreq
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C,.
If the SET OPT option = NWAS

Favail falloc
Rcwmax =

Dreg

2.4 MINIMUM DILUTION FLOW RATE

If Dreq > 1, the minimum dilution flow rate is determined as
follows:

If the SET OPT option is NWAS:

CJ.

dl Fwaste Dreq
min dflow_ .

falloc (ff / 100)* 1 -$

. xx

where Xxxi is MPCi under OLD 1OCFR20, and is ECLi under NEW
1OCFR20.

If the SET OPT option is other than NWAS:

Fwaste * (Dreq -1.0)
min dflow - C

falloc * (ff / 100) * [ 1 ~ .i
XXX

Otherwise:

min dflow - 0.0

2.5 SETPOINT CALCULATIONS

Setpoints are calculated for individual release points, and for the
discharge point that may combine several release points.

A setpoint adjustment-factor, Sadj is determined from the value of
Dreq.
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If Dreq > 1 or the dilution factor option is N, and the setpoint
equation is set to STD:

Sadj = Dant / Dreq

If the dilution factor option is Y, and 0 < Dreg < 1.0 or if the
dilution factor option is Y, and the setpoint equation is set to
NO DIL, then no credit is taken for dilution, and the setpoint
adjustment factor is:

Sadj l/Dreq

If neither of these conditions is true, Sadj -.

After the above tests, further tests are made based on the setting
of the setpoint equation option, SETPEQN. These may change Sadj as
follows:

If the SET?_EQN is set to DILUT, and Fwaste > 0, then:

Fant + Fwaste

Sadj =
Fwaste

If the SETPEQN is set to STD, and the SETOPT option is set to
NWAS, and Fwaste > 0, then:

falloc * Favail
Sadj

Fwaste * Dreq

Otherwise, if the SETPEQN option is set to STD, and the SET OPT
option is set to other than NWAS, and Fwaste > 0, then:

(falloc * Favail) + Fwaste
Sad;j

Fwaste *Dreq

Otherwise, if the SETPEQN option is set to LOW ACT, and the SETOPT
option is set to NWAS, and 7waste > 0, then:

(falloc * Favail)

Dreq,ng
rwaste

Sadj

Dreq, g
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Otherwise, if the SETP EON option is set to LOW ACT, and the SET OPT
option is set to other than NWAS, and Fwast e > °, then:

(falloc 0 Eavai) + Fwaste

waste Dreq,ng

Sadj '
Dreq,g

Otherwise, Sadj is unchanged.

The setpoint adjustment factor is further tested against a limiting
value (Sadjlim which is set using the.Release Point transaction in
Database Malntenance).

If Sadj > Sadj,lim then Sadj Sadj,lim.

All of this leads to the maximum setpoint value, Smax, based on the
gamma-emitting radionuclide mix:

C .S (ipCi/ml) S X C
max adj i

where the sum extends over all gamma-emitting nuclides (nuclides of
type other than 0) in which their concentrations are greater than 0.

In user units (cpm or other as set in the Flow Monitor Parameters
transaction in Database Maintenance), the maximum setpoint is:

S (cpm) S (R -B) +Bmax adj mon

where

B - monitor background (cpm)

Rmon = monitor response (cpm)

- offset + slope * I CA + quad * (X Ci)2 + B

where offset, slope, and quad are the coefficients in a quadratic
fit to the monitor response to nuclide activity.
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EMS provides an option to calculate nuclide specific 
responses so

that Rmon is the sum of responses for each 
nuclide, rather than the

sum of the nuclide concentrations, as shown above. In the nuclide-

specific case,

2
R- I [offset + slope. C + quad i

where the sum extends over all nuclides which 
have response factors

stored in the database for the monitor of interest.

Recommended Setpoint

The setpoint recommended for actual use is based 
on a comparison of

the maximum setpoint calculated as above, to setpoints based on

expected response time a tolerance factor (to allow for variations

in monitor response during release) and to default values determined

by the user. The user can restrict which setpoint value is 
usually

reported by what values are used when setting these tolerance

factors and default setpoint values.

The default setpoint in user units (e.g. cpm). can be defined with or

without background included. If the cunitnopt parameter (defined in £
the release point and discharge point tables) 

equals 0, the default

value does not include background; and the current background is

added to the default value to get the reported 
default setpoint.

Otherwise, the current background is not added 
to the default value.

Setpoint in UCi/ml

Note: In this version of the software, the reported 
setpoint is the

user units setpoint. The setpoint calculations using the original

concentrations (pCi/ml) is still being -done by the software and

stored in the sampledata table. To get reported setpoints in pCi/ml,

the monitor slope should be set to 1.0 
in the Release Point

transaction of Database Maintenance and the UNITS parameter for the

monitor should be set to pCi/ml in the Activity 
Monitors

transaction. If the Isotopic specific response option is 
turned on

for the release point,.then this individual 
nuclide slopes in the

Monitor Slopes can be used to map the response 
from the nuclide to

that of a monitor calibration source (e.g. Cs137 equivalent

response)

2-8



0
A candidate setpoint is calculated based on the expected response:

S -f I C
exp tol .i

where

ftoll setpoint tolerance factor (can be set for the
release point using QBF)

= 2 if not specified by the user

Now compare the Sexp value to the default table value Sdef:

If Sexp < Smax

and if

(--.i I* -
exp< Sdef and Sdef S Smax

then use Sdef Case

Otherwise use Sexp. Case

If Sexp > Smax use Smaxc Case

If Smax -r5 use Sdef Case

Case 4 occurs if no activity is detectable in

1

2,5

3

4

the-sample (Sadj = 0).

0,I
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Case 1 Case 2 Case 3 Case 4 Case 5

Sexp --- Sdef----

SMA-r---- sma~--- x ---- Smax----

S Xp---S ----
Sexp-- sezp--

Sdef 3def---- Sdef---- Sdef----

. wexp --

0 ---- 0 --- ---- 0 ----

u se Se 5e~p Use Sa Use Sdef Uie5 p

Schematic of Liquid Setpoint Cases

Recommended Setpoint in User Units (e.g. cpm)

The candidate setpoint based on expected monitor response 
is

calculated as follows:

S (cpm) f * (R - B) + f t B
exp .tol mon Btol

where

fBtol backgrouhd tolerance factor (set using QBF on the

releasept table)

if the default setpoint value includes background:

Brp -0
rpq

2-10 Q
OtbCA f 2-



(..

If the default setpoint value does not include background:

Brp

where B is the monitor background count rate and Brp is used below.

If Sexp (cpm) < SMaX (cpm)

and if

Sexp (cpm) < Sdef (cpm) + Brp and

Sdef (cpm) + Brp s Smax (cpm) .

then use Sdef (cpm) + Brp

Otherwise, use Sexp (cpm)

Case 1

Case 2, 5

C.
if Sexp (cpm) > S (cpm)

* use Smax (cPm) Case 3

If Smax (cpm) - 0, use Sdef + BMP Case 4'.

NOTE: Smax is due to concentration only
for Case 4

(i.e., excludes background)

Setpoint for Discharge Point

For the discharge point, the total MPC/ECL fraction is:

( C/N2Ci * F + ( ZC/MPC * F± i o 0 i

F + F
.0

OR

I Ci/ECLi)0 * F0 ±I CiECL±) F

F + F
0,I
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where

(Z Ci/MPCi 0= total MPC fraction for existing concurrent

releases for this discharge point excluding

this additional release.

Z Ci/MPCj ' total MPC fraction for the new release

(X Ci/ECLi )O-total ECL fraction for existing concurrent

releases for this discharge point excluding

this additional release.

Z Ci/ECLi total ECL fraction for the new release

F0 discharge point waste flow excluding new the

release point waste flow to be added.

F projected waste flow for the new release point

to be added

The radiation monitor for the discharge point has setpoint equations

identical to those presented above for the release points with the

following exceptions:

1. The LOW ACT setpoint equation option is not-supported.

2. For the nuclide-specific response, the concentrations are

modified as in:

C.p , C EF/(F + F)]
2. i 0

R - £ (offseti+ slopeis Ci + quad (Cp + Rdpmon
dpmon i ~ i i ~ ad i Ci) J .1-

where

COP the discharge point isotope concentration from this

release point

Rdpmon the discharge monitor response in user units

Rdpmono the discharge monitor response before the current

release is added including the background
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For non-isotope specific response:

Rdpmon - [ offset + slope * COP + quad * (CdP) 2 ] + Rdpmono

where CdP I l Cij [F/(F+Fo)]

Setpoints in PCi/sec

Setpoints in units of yCi/sec can be obtained by setting the UNITS
parameter for the monitor to "pCi/s" or "pCi/sec" (Case sensitive.
Ist 5 characters must match) in the Activity Monitors transaction
and setting the monitor slope to 1.0 as in the pCi/ml setpoint
calculation. The user units setpoint, as calculated above for the
setpoint in ICi/ml units, will be multiplied by the corresponding
effluent flow rate (release point or discharge point) for the
monitor to get a reported setpoint in pCi/sec.

2.6 DOSE CALCULATIONS FOR LIQUID RELEASES

The EMS software calculates and stores the dose for each receptor,
for-each nuclide, and for each organ. The dose is the total over
all pathways which apply to that receptor. A receptor is defined by
receptor ID, age group (infant, child, teen, or adult), sector, and
distance from the plant.

The equation used in the liquid permit processing to calculate the
dose received by receptor r from a released nuclide i is:

DiTr 'iAiTr I Ats Cis sr

where:
The sum extends over all time periods.

DiTr - the cumulative dose or dose commitment to the total
body or an organ T by nuclide i for receptor r from
the liquid effluents for the total time period of the
release, in mrem.

Air = site-related ingestion dose or dose commitment factor
for receptor r to the total body or organ r for
radionuclide i, in mrem/hr per pCi/ml. AiTr is
available as an editable table, but can be
recalculated with different parameters and pathways
with the Dose Factor Processing (DFP) option. The
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equations used are presented in 
Chapter 4 of this

manual.

Ats = length of time period s, over which the 
concentration

and F value are averaged, for all liquid releases, in

hours.

Cis = the average concentration of radionuclide 
i in

undiluted liquid effluent during time 
period Ats from

any liquid release, in yCi/ml.

Fsr the near field average dilution factor 
for receptor r

during any liquid effluent release.

F
w

F -
sr Denom

The value of Denom depends upon several 
variables and nested.if

statements. The derivation of the Denom 
value is shown in the logic

and equations shown below.

6
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C.

If the STREAM FLO option in the OPTIONS Table is set to Y, then

Denom - Fstm * (Uf /60) * (l/Rmi)

else (river stream flow is not used)

If the denomtyp option from the Options Table is 1, (dose
from a dilution stream) then

Denom - (Uf/60) * (1/Rmix)

Else if denom typ is 2, (dilution flow includes waste flow)
then

Denom - rdil * (Uf/60) * U/Rmix)

else (denom typ is not 1 or 2)

if the QVOPT option in the OPTIONS table is set to ON,
(dilution flow is from the QDVOL table) then

Denom - (Fw + Fqvoi) * (Uf/ 6 0) * (l/Rmix)

else (the normal standard calculation)

Denom - (Fw + Fdil) (Uf /60) a (l/Rmix)

end of if on QV OPT option

end of if on denom typ option

end of if on streamflo option

If Denom is greater than 0.0 then

If Denom > 1000. and option to limit the denominator is Y,
then

Denom - 1000. $

end of if denom is too- large

end of if denom is greater than 0.0

Denom Denom / (Uf/60)
, .I*

2-15 P3 56r
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Where:

F.tre River stream flow past the site 
in user liquid flow

rate units. The value used during permit processing

is the value obtained from 
the STATIONDATA table.

The'-value is entered into the 
STATIONDATA table using

the QBF utility. If the value is to be changed

often, it would be possible to write 
a command

procedure which get the value 
from the user and write

it into the table.

Fw flow rate of undiluted waste 
effluent in user liquid

flow rate units.

Uf/6 0  Flow rate units conversion factor for liquid

releases/6
0. Uf converts from user units 

to CFM so

this factor converts to CPS.

Fdil - flew rate of-the dilution flow 
in user liquid flow

rate units.

Rmix ' mixing ratio - fraction of the release that reaches

the receptor. Separate mixing ratios are stored 
for

each pathway for each receptor.

A mixing ratio of zero for a pathway receptor

indicates that the pathway is 
n6t present for the

receptor. The first non-zero value is 
used in the

dose calculation.

The different mixing ratios 
for the pathways are

incorporated into the composite Ai factors calculated

by the dose factor processing (DFP) program.

qvol- Flow rate from user entered quarterly dilution flow

rate. These values are from the 
AFLOW column of the

QDVOL table for the release.

If stream flow option is being 
used and the average river 

stream

flow is known at the time the 
liquid release is processed, 

then the

command procedure which runs 
the liquid permit processing 

could be

modified to ask for the stream 
flow value and put it into the

stationdata table before the 
permit is processed. If the average

river stream flow is not known 
at the time the liquid release 

is

processed, then some other provision must be made for correcting

the cumulative dose totals in the CUMDOSE table so that it is based

on the correct stream flow value. If the average stream flow for

2-16
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the month is used, then each liquid release point entry in the
CUMDOSE table for the month could be multiplied by the ratio of the
actual stream flow for the month divided by the default value
contained in the STATIONDATA table. Caution: Since there is no
record stored in the database of what stream flow value was used to
calculate the dose values, the user must verify that no correction
is applied more than once to each dose value.

2.7 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special
Permit Reports. The Projected Dose values are calculated as
follows:

DpT (DT * P) + DaT

where:

Dpr -the 31 Day Projected Dose by organ T, by reactor unit

C'. 4
DT -the total dose in mrem by organ T, by reactor unit for

the quarter containing the release start date from all
closed and open releases when an answer of "Y" is
specified for the "Update Totals" field on the release
point definition screen.

p -the Projection Factor which is the result of 31 divided
by the number of days from start of the quarter
containing the release start date to the end of the
release. The quarterly and annual projection values on
the standard pre-release report use a projection factor
with 92 days or 365 days instead of 31 days in the
numerator and do not include the additional anticipated
dose term.

DaT -Additional Anticipated Dose for liquid releases by organ
T and quarter of release by reactor unit.

NOTE: The 31 day dose projections on the Approval/Results screen is
the site total for all units.!

2.8 POST-RELEASE PROCESSING

After the release is made, actual concentrations are used to check
1OCFR20 limits, and the actual dilution flow and waste flow are used
instead of the anticipated dilution flow and waste flow.
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For batch releases, the duration is determined from the start and

end dates and times, and is used with the volume 
input to calculate

the release rate.

Dose calculations are the same as for the pre-release, but with

actual release flow rates and release duration.

Setpoint calculations are not performed at the 
post-release stage.

#9
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.CEAPTER 3

GASEOUS RELEASE CALCULATIONS

C.

The "annual average X/Q" method is used, in which fixed X/Q and D/Q
values are used for each receptor for all dose calculations,
regardless of actual wind direction and speed prevailing during a
given release. Doses are calculated for each receptor location and
age group specified in the Gas Receptors transaction. The
controlling individual is the age group and location which receives
the maximum organ dose.

3.1 GAS PRE-RELEASE PERMIT

The pre-release permit is produced by a program that uses user-
entered estimates of flow rates and release times to calculate doses
and activities. The dose rate from the potential release is added
to the maximum dose rate occurring for all other releases during the
duration of this release for 1OCFR20 compliance. The noble gas or
air doses and the organ doses are checked against the corresponding
limits for lOCFR5O compliance.

3.2 RADIONUCLIDE ACTIVITIES AND COMPOSITE VALUES

The radionuclide results are read from one set of composite activity
database records, and from three spectrum analysis result files, and
saved in an activity array; If a nuclide appears in more than one
spectrum, only the last value read for that nuclide is used. In
case of duplication, the one not desired should be edited out of the
nuclide list. The samples are read in the following order:

0
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1. Composite Records
2. Particulate File

3. Radio~iodine File

4. Noble Gas File

The activity (Qi) and the activity release rate (Qi) are calculated

for each nuclide i.

Activity Released

For the plant stack and turbine building vent:

Qj ' Ci * Vv * 28316.85 * a .1 e-6

(pCi) -(pCi/ml)(cubic feet) (ml/cubic feet)

where:

Vv - vent release volume in user units (usually FT3)

Cr. - concentration in pCi/ml

U= the flow-rate units conversion factor 
which converts

from user units to CFM

Note: The Ci value also includes the scaled noble 
gas nuclides for

a release (if any exists).

The activity release rate in pCi/sec is

Qi Ci * Vf * 28316.85 * UF/60

For containment purge:

.

Qi - Ci * pump release rate (CFM) * 28316..85 * UF/60

Qi ' * duration of release (min) * 60

3.3 lOCFR2O COMPLIANCE

-The maximum dose rate during the release is determined by summing

together the dose rates for this release, with all concurrent

releases in the database for the time of the 
release.
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W The database contains all releases 
for which both pre- and post-

release reports have been made 
(the post-release program enters 

the

data into the cumulative totals). 
Pre-releases that have not been

completed, and which occur during 
the release under consideration,

are also added into the maximum 
dose rate to account for releases

not yet added to the cumulative 
totals.

The three dose rates (whole body, skin, organ) are compared to the

old 10CFR20 limits (old and new 10CFR20 are described 
below) as

defined in the Dose Limits transaction 
in Database Maintenance.

The dose rate at or beyond 
the site boundary due to gaseous

effluents from the site is limited 
to:

(a) Release rate limit for noble 
gases:

Iihi v (X/Q)r Q±iv < 500 mRem/yr * falloc *f

OR

v i V Qsf] < 500 mRem/yr * f f

v * Elevated Stack t 80m

ihf (Li + 1.i) Xv (X/Q)vr QivI < 3000 emy falloc 'f

OR

v shfi i (X/r + l 1  Qv <3000 mRem/yr * f o f

Elevated Stack t 80m

where the terms are defined below.

(b) Release rate limit for all radionuclides 
and radioactive

materials in particulate fort, 
with half lives greater than 8

days:

Zi Xp Iv tfp Pip Wiy Qi I < 1500 mRem/yr f allo *fs

where:
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j - index over all radionuclides

v - index over all vents or stacks for the unit

p - index over all pathways

r - index for receptor locations

Ki =the total body dose factor due to gamma emissions for

noble gas radionuclide i, in mrem/yr per pCi/m
3.

Li the skin dose factor due to beta emissions for noble

gas radionuclide i, in mrem/yr per pCi/m3 .

Vir the elevated plume gamma total body dose factor for

nuclide i at receptor location r, in mrem/yr per

pCi/sec.

Mi ' the air dose factor due to gamma emissions for noble

gas radionuclide i, in mrad/yr per pCi/m3 .

Bir the elevated plume gamma skin dose factor for nuclide

i at receptor location r, in mrad/yr per pCi/sec. - e i
1.1 mrad to mrem conversion factor in mrem/mrad

pip the dose factor for the critical organ for nuclides

other than noble gases for the inhalation pathway (in

units of mrem/yr per pCi/m
3) and for ground plane and

food pathways (in units of m2 (mrem/yr per PCi/seC)).

The most restrictive age group is used.

fp factor to select which pathways are included in the

calculation. Factor - 1 to include a pathway, 0 to

exclude.

Wmv (x/Q)Mv for tzitium and the inhalation pathway and

(D/Q),v for other nuclides and pathways.

(X/Q)vr - the highest value of the annual average atmospheric

dispersion factor at the site boundary, for all

sectors, in sec/m 3.

(X/Q)m, - the highest value of the annual average atmospheric

dispersion factor at the distance of the site

boundary, for all sectors, in sec/m3.r
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(D/Q)mv the highest value of the 
annual average deposition

factor at the distance 
of the site boundary, for all

sectors, in m72.

- the average release 
rate of nuclide i in gaseous

effluent from release 
point v, in PCi/sec. 

Noble

gases may be 'averaged over 
a period of 1 hour, and any

other nuclides may be averaged 
over a period of 1

week.

500 = site dose rate limit for 
whole body in mrem/year.

3000 = site dose rate limit for.skin 
in mrem/year

1500 = site dose rate limit for 
any organ in mrem/year

shf = noble gas dose shielding 
factor

falloc' fraction of the dose limit allocated to this release

point

C * fs - safety factor for the release poine

3.4 SETPOINT DETERMINATION

Setpoints are determined 
from Dose Rate Limits 

set forth in the

Technical Specifications 
and stored in the Dose 

Limits Table.

The ratio of dose rate 
limit to dose rate 

for a single release 
point

is given below for 
these three cases:

Noble Gases

nratio = rg = lesser of the 
ratios

(total body dose rate limit/total 
body dose rate) and

(skin dose rate limit/skin 
dose rate)

l for a vent release, 
lesser of

500 mrem/yr

r shf KQ * (X/Q) mv
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and

3000 mrem/yr

shf (Li + 1.lM.) * Qv * (X/Q)

for an Elevated Stack 2 80m, lesser of

500 mrem/yr

shf Z Vir *

and

3000 mrem/yr

shf X Li (X/Q) + 1 .1Bir i

Radioiodines and Particulates

In these cases, the ratio is obtained by summing over the

appropriate nuclide indices:

1500 mrem/yr

rpratio - . maximum organ dose rate

Z Pi * Qiv a Wmv

When the sum is over nuclides and the inhalation, ground 
plane and

cow's milk pathways are all turned on.

3.4a SETPOINTS

Setpoints are determined for radiation monitors on individual

release points, and also for radiation monitors at the discharge

points that may combine the effluent from several release 
points.

Calculations for the monitor response are made for noble 
gases,

radioiodines, and particulates.

For a release point, the expected monitor response to a given

nuclide concentration is:

Rmon - monitor response (cpm) + B

- offset + [slope * Z Cil + [quad * ( Z Ci) 2 ] + B
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c.
where offset, slope, and quad are the coefficients 

in a quadratic

fit to the monitor response 
to nuclide activity, and B is the

monitor background.

EMS provides an option to calculate 
nuclide specific responses 

so

that Rmon is determined from 
the response for each nuclide, 

rather

than the sum of the nuclide concentrations, as shown above. In that

case,

Rmon -£ ( offset, + (slopei * Ci] + (quadi * ( C 1) 2 ]) + B

The expected response for discharge points is based on the sum of

the expected response for releases already in progress plus the

expected response due to release point being considered.

Rd m-n m R + Z (offset + slope. * C + quad. * (C'.)

dpmon dpmon i i. i
0

Ce
where

Cdp
Ci

Ci

W i * {Fxp / dp

- concentration for the release 
point

3-7
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Frp

Fdp

= flow rate for the release point

= flow rate for the discharge point
.9)

Rdpmon - discharge point monitor response for the 
release in

progress

Rdpmono the discharge monitor response before the current

release is added including the background

and offseti, slopei and quadi are the quadratic 
response

coefficients of the discharge point monitor.

Non-isotope specific response:

dP -offset + slope * ( Z COP ) + quad * (I CoP )2 + Rdpmon
0

All other equations are the same as for the individual release

point, but use the discharge point monitor 
response and the

discharge point allocation factor and.safety 
factors.

EMS al-lows for setpoint calculations based on the 
standard or

response method. Thus, each release -point will have associated 
with

it, a setpoint equation: STD or RESP. This-can be set in the

Release Point (Setpoint) transaction of Database Maintenance;.

. i .

If the release point setpoint equation - STD :

The limiting setpoint for the monitor (in pCi/ml) is given by:

Sm=x fs * falloc * ratio * SUM

The limiting setpoint for the monitor (in user units, e.g., cpm) is

given by:

SUx fs falloc ' ratio (>on -B) + B

3-.8

(e~4 ?2-z



where

offset - 1. noble gas offset factor
2. radioiodine offset factor
3. particulate offset factor

slope - 1. noble gas slope factor
2. radioiodine slope factor
3. particulate slope factor

quad 1. noble gas quadratic factor
2. radioiodine quadratic factor
3. particulate quadratic factor

fs safety factor for the release point

falloc = dose rate allocation factor for the release point

ratio 1. nratio for noble gases
2. rpratio for radioiodines
3. rpratio for particulates

SUM - 1. Z noble gas concentrations, for noble gases
2. Z radioiodine concentrations, for radioiodines
3. Z particulate concentrations, for particulates

*Rmon 1. noble gas monitor response
2. radioiodine monitor response
3. particulate monitor response

B -1. observed background response for the noble gas
monitor

2. observed background response for the radioiodine
monitor

3. observed background response for the particulate
monitor

NOTE :Separate calculations are made for noble gases,
radioiodine, and particulates

The limiting setpoint for gaseous releases is determined separately
for noble gases, radioiodines, and particulates for each release
point and discharge point.

)
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If the release point setPoint equation = RESP

The reported setpoint for the monitor (in pCi/ml) now becomes:

Smax =mrtol * (SUM - B)] + (mrtolb * B)

The limiting setp~oint for the monitor (in user units, e.g., cpm) now

becomes:

SUmax = (mrtol * (Rmon - B)] + (mrtolb * BE

where.

mxrtol 1. monitor response tolerance factor (noble

gas)
2. monitor response tolerance factor

(radioiodine)
3. monitor response tolerance factor

(particulate)

SUM = as defined above

B as defined above

.mrtolb M 1. monitor tolerance background factor

(noble gas)
2. monitor tolerance background factor

(radioiodine)
3. monitor tolerance background factor

(particulate)

Simon as defined above

3.4b REPORTED SETPOINTS

The setpoint reported on the pre-release reports are in user defined

units. If the release point setpoint equation is STD, then the

maximum setpoint is compared with the response and default

setpoints.

NOTE :The response setpoint as defined in this section is not

necessarily the same as the maximum setpoint based on the

RESP setpoint equation, as defined in the previous section.

response is defined below.
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The reported setpoint is as follows:

1. Reported Sresponse.
if Sresponse < smax < Sdefault

OR

if Sdefault <" Sresponse < Smax

2. Reported -Smax
if Sresponse > SmaŽ

3. Reported - Sdefault

if Sresponse < Sdefault < Smax

where

Smax

Sresponse '

as defined in the previous section

r mxtol * SuM

L (wrtol * (Emon - B)I + (mrtolb * B)

EpCi/mll

[User
Units]

CQy Sdefault - normal setpoint defined for the release point in

units of (pCi/ml] and (User Units].

NOTE ! Separate checks are made for each setpoint in 
EpCi/ml] and.

(User Units] for the noble gas, radioiodine, 
and particulate

monitors.

Setpoints in YCi/sec

Setpoints in units of pCi/sec can be obtained 
by setting the UNITS.

parameter for the monitor to "pCi/s" or "pCi/sec" 
(Case sensitive.

1st 5 characters must match) in the Activity Monitors transaction

and setting the monitor slope to 1.0 as in the pCi/ml setpoint

calculation. The user units setpoint, as calculated above for the

setpoint in pCi/ml units, will beimultiplied 
by the corresponding

effluent flow rate (release point or discharge point) for the

monitor to get a reported setpoint in pCi/sec.
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3.5 MAXIMUM WASTE FLOW

The maximum waste flow calculation 
is based on what the WFLOWM

option (release point setpoint calculation 
option) is set to. This

option can take on one of three values: NONE, DOSE, and CALC.

Gaseous release point setpoint WFLOWM 
can be set to either NONE or

DOSE.

For gaseous releases,

Wmax - the minimum of Rwmax and Rcwmax

where

R - Release point maximum waste flow rate as stored

in the release point definition

If WFLOW M option - NONE

Rcwmax - waste flow rate for the sample, Vf

If WFLOW M option - DOSE

fs* nratio * Vf 
-

Rcwmnax= -

Fwsfac

where

fs ' Safety factor for the release point

nratio - nratio as described in section 3.4

Vf - Waste flow rate for the release (sample)

Fwsfac = Waste flow rate DOSE setpoint safety 
factor

3.6 DOSE RATE AND CUMULATIVE DOSE CALCULATIONS

Noble Gas Dose and Dose Rate Calculations

The dose rate and dose contribution 
due to noble gases in gaseous

effluents are calculated using the following 
expressions:
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Air Dose due to gamma radiation 
(for vents or stacks < 80

For Noble Gas
meters):

Dy

For Noble Gas

meters):

(3.17 10- 8) * X/Qg * t a * f0 * I Mi * QiV

Air Dose due to beta radiation 
(for vents or stacks < 80

For Nobl

For Nobl

Dp - (3.17 * 10 8) * X/Q * t -b * f 0 * N * v

e Gas Total Body Dose Rate (for vents or stacks < 80 meters):

Dt M shf * X/Qg * 87 6 0 -a * fo * Z (Ki j QRiv)

e Gas Total Body Dose (for vents or stacks < 80 meters):

shf fo * (Ki . QRi) * X/Qg * t-a

(5.256 * 105 / dur)

.e Gas Skin Dose Rate (for vents or stacks < 80 meters):

Ds e shf * f * Z QRiv * E(Li * X/Q 8 7 6 0 -b) + (1.llMi X/Qg

* 8760-)]-

Le Gas Skin Dose (for vents or stacks < 80 meters):

shf. fo * £ QRiv * ((L1 * x/Q * t b) + (X.llMj * t

t-a)]

Dsk (5.256 * 105 / dur)

For NobW

Q-)
For Nob]

where

DP -

DV =

Dt =

total beta air dose from gaseous 
effluents (mrad)

total gamma air dose from gaseous 
effluents (mrad)

the total body dose rate due 
to gamma emissions by noble

gas releases from vent v (mrem/yr)

total body dose from gaseous effluents 
(mrem)

skin dose rate from gaseous effluents 
(=rem/yr)

skin dose from gaseous effluents 
(mrem)

- conversion factor from mrad to 
mrem

Dtb '

Ds =

Dsk =

1.11
� 1: 0
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3.17 * 10-8 - inverse of number of seconds in a year

5.256 * 105 . number of minutes in a year

87 60 a- adjustment factor used to convert the 1-hour 
X/Q value

to an average 1 year X/Q value (dimensionless)

8760 - number of hours in a year

a , "a" factor for gamma noble gas X/Q

b = la" factor for noble gas X/Q

t-a _ adjustment factor to convert the 1-hour 
X/Q value to the

short term X/Q value for the release (dimensionless)

t X duration of release (hours)

dur a. duration of the release (minutes)

fo occupancy factor defined for the receptor at the given

location (dimensionless)

Xi ' total body dose factor due to gamma emissions 
for noble

gas radionuclide i (mrem/yr per pCi/m
3)

Li - skin dose factor due to beta emissions 
for noble gas

radionuclide i (mrem/yr per pCi/m3 )

Hi - air dose factor due to gamma emissions for noble gas

radionuclide i (mrad/yr per pCi/m3 )

N, air dose factor due to beta emissions for noble gas

radionuclide i. (=ad/yr per pCi/m3 )

3.17 * 10-8 - inverse of number of seconds in a year

Qiv - release of noble gas radionuclides, 
i, in gaseous

effluents from vent or stack v (pCi)

QRiv ' release rate of noble gas radionuclides, i, in gaseous

effluents from vent or stack v ( pCi/sec).

shf - shielding factor (dimensionless)

X/Q = highest value of the noble gas 1-hour X/Q for vent or

stack v at the site boundary (sec/m3)

'-.IJ

.
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X/Qg - highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary,
(sec/r3 )

Organ Dose Calculations

For Critical Organ Dose Rate--Inhalation Pathway and all Pathways for E-
3, C-14 (for vents or stacks < 80 meters):

DRTa - X/Qr * 8 7 6 0 c * Z PipTa * QRiv

For Critical Organ Dose Rate--Ground and Food Pathways (for vents or
stacks < 80 meters):

D~ra X DIQ * 8 7 6 0  * RipTa ' 6Riv

For Critical Organ Dose-Inhalation Pathway and all Pathways for E-3, C-
14 (for vents or stacks < 80 meters):

DTam (3.17 10-8)* X/Qr * t- c fo * Z PipTa * Qiv

For Critical Organ Dose-Ground and Food Pathways (for vents or stacks <
CA) 80 meters):

DTa = (3.17 * 10-8) D/Q * td * f * I Ripra * Qiv

where

DRTa ' dose rate for age group a and organ T from iodines and
particulates with half lives greater than 8 days in
gaseous effluents (mrem/yr)

DTain dose for age group a and organ T from iodines and
particulates with half lives greater than 8 days in
gaseous effluents (mrem)

c = "a" factor for Radioiodine/Particulate X/Q

d = "a" factor for D/Q

D/Q - highest value of the 1-hour deposition factor at the
distance of the site boundary (1/m2)

PipTa - dose factor for each radionuclide i, pathway p, organ
U) T. and age group a (mrem/yr per pCi/m3)

Rip~a - dose factor for each radionuclide i, pathway p, organ
T, and age group a (m2 * mrem/yr per pCi/sec)
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X/Qr highest value of the radioiodine/particulate 
1-hour X/Q

for vent or stack v at the site boundary 
(sec/m3)

Note: It is assumed PipTa will not contain long 
term X/Q or D/Q

values.

The maximum exposed individual is 
determined by the maximum dose

received by any organ. The summation extends over all applicable

nuclides and pathways.

3.7 RESOLVING DOUBLE-COUNTING OF DOSE AND ACTIVITY

Gaseous release points fall into 
three categories for double-

counting of dose and activity. One, a release point will not have

activity sampled twice. Two, a release point can have activity that

is sampled again downstream and 
would be double-counted if no

corrections were applied. Three, a release point-can have samples

containing activity already sampled 
once upstream which would be

double-counted if no corrections were applied. The last two

categories can be called the "CAUSE" 
release point and the "EFFECT"

release point, respectively.

To avoid double-counting dose and 
activity, only the "EFFECT"

release point will have its activity 
and concentrations corrected as

follows. Corrected activity is calculated as follows:

Acei Aei - Aci

where:

Aci =the corrected "EFFECT" release point activity for

nuclide i which defaults to zero if its value is less

than zero.

Aei -the initial "EFFECT" release point 
activity for nuclide

ei

Aci -the "CAUSE" release point activity 
for nuclide i

Corrected concentrations are calculated 
as follows:

Ccei (Acei / Ve) 35.315
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where:

Ccei -the corrected "EFFECT" release point concentrations for
nuclide i

Ve =the waste volume for the "EFFECT" release point

35.315 -conversion factor from Ci/ft3 to pCi/ml (Ci/ft3 -
ft3/1728,in3 * in3/16.387 cm3)

3.8 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special
Permit Reports. The Projected Dose values are calculated as
follows:

Dpr -(Dr * P) + Dar

where:

/'* DPr -the 31 Day Projected Dose by organ T, by reactor unit

DT -the total dose in mrem 'by organ T, by reactor.unit for
the quarter containing the release start date from all
closed and open releases when an answer of "Y" is
specified for the "Update Totals' field on the release
point definition screen.

p -the Projection Factor which is the result of 31 divided
by the number of days from the start of the quarter to
the end of the release. The quarterly and annual
projection values on the standard pre-release report use
a projection factor with 92 days or 365 days instead of
31 days in the numerator and do not include the
additional anticipated dose term.

Da. -Additional Anticipated Dose for gaseous releases by
organ T and quarter of release, by reactor unit.

NOTE: 'The 31 day dose projections on the Approval/Results screen is
the site total for all units.
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3.9 GAS POST-RELEASE PROCESSING

After a pre-release permit has been approved, the post-release

program is run to:

o Enter actual release start and stop times, flow rates, etc.

o Check 10CFR20 limits

o Check IOCFR50 limits

o Add the dose and activity data into the cumulative totals.

.9)

Compliance with 10CFR20 limits is 
checked in the same way as

described for the pre-release program.

Dose rates are calculated and compared 
to 10CER20 limits. Monitor

setpoints are not calculated at the 
post release stage.

.I

3-18 P.,p 79



U.

CHAPTER 4

LIQUID DOSE FACTOR EQUATIONS

The DFP option is used 
to calculate the liquid 

dose factors

described previously. 
Dose factors are calculated 

separately for

each nuclide, organ, and age group. The age group, applied to a

specific receptor's 
dose calculations, is part of the receptor

specification.

For a particular 
receptor, the total 

dose factor (AiTr) is a sum

_ over each pathway p with 
its specific mixing ratio:

AiTr 
RiXrp AiT rp

mix, r

where

AirTr p the dose factor 
for nuclide i, organ T, receptor 

age

group r, and pathway p

Rmix r p - mixing ratio for the pathway

mix, = mixing ratio for the 
receptor, which is the 

first

non-zero value of Rix r 
p encountered during the

calculation

The user specifies which 
pathways are included 

by setting the mixing

ratios for the pathways 
desired to the correct 

non-zero V*alue. If

the receptor mixing ratio 
for a given pathway is 

zero, that term is

not included in the sum.

4-1
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The DFP option of EMS uses a more expanded form for licuid dose

factors than is given in NUREG-0133. These equations are taken from

R.G. 1.109, and account for nuclide decay as well as shoreline

doses. If desired, parameters may be selected to reduce the

calculations to match NUREG-0133 exactly.

Four different forms of equations are used for the dose factors.

4.1 POTABLE WATER

The dose factor for potable water is:

Airr ipk0 (Urp /dw) * Ni *.DFiT,r e(-Aitp)

where

AiT r p -dose parameter for organ T , for the receptor age

group r, for nuclide i, due to exposure pathway p,

in mrem/hr per pCi/ml

ko p

U~rlp=

units conversion factor, - 1.142E5 - lE6(pCi/PCi) *

1000 (ml/Kg)/ 8760 hr/yr

usage factor for pathway p and age group r

t'

dw additional dilution factor for potable water

fraction of the radionuclide activity released to

the water discharge path that reaches a specific

receptor.

DFiTr .

Ai =

tp -

ingestion dose conversion factor for nuclide i for

receptor age group r in organ T, in mrem/pCi (Tables

E-7 to E-11 of R.G. 1.109)

decay constant for nuclide i

average transit time in seconds

4.2 AQUATIC FOODS PATHWAYS

The liquid dose factor is

AiTrp ko Urp BFip I Ni * DFiT, - exp(-Aitp)
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)
where

BFi - bioaccumulation factor for pathway p and nuclide i
(from Reg. Guide 1.109, Table A-1). Other variables
are as defined on the previous page.

4.3 SHORELINE RECREATION PATHWAY

The pathway-specific dose factors for shoreline deposition are given
by:*

I - -Aitb
_- i

A.TF' _-k W N U fr e i Id DFGiT

where .

C,.) Ws - shoreline width factor

ks conversion factor - * *kc mtv/3600

k c water to sediment transfer coefficient
in L/kg hr

mtv = Mass density of sediment in kg/m.2 , 40
kg/m2

3600 - Seconds per hour units conversion
factor

tb e length of time sediment is exposed to
contaminated water, 4.716E8 sec

tsd

DFGiT

transit time to. deposit activity on shoreline

e the dose conversion factor for standing on
ground contaminated with nuclide i, in mrem/hr
per pCi/m2

3)
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4.4 IRRIGATED VEGETABLE PATHWAY

5
A - 1.14 * 10 * U CF * DF

iTrp fr,p iv iT,r

where:

1.14 * 10l a units conversion factor

CFiv- the concentration factor for radionuclide 
i in

irrigated vegetables, as applicable to the

vicinity of the plant site (pCi/kg)/(pCi/L).

Calculation of the Concentration Factor

The calculation of.the concentration factor 
for radionuclide i in

irrigated vegetables, CFiv as used in the equation for AiT, 'a

calculated as follows for all radionuclides other than Tritium:

-A t -Aitb

C 'v Ni M r C eEite) f fBi (I -e ib-A.t
[r - -i 2 (]

For Tritium, the equation is as follows:

CFiv Ni M v

where

M - the additional dilution factor from the near

field of the discharge structure to the 
point

of irrigation water usage.

I - the average irrigation rate during the growing

season (L/m
2h).

r - the fraction of irrigation-deposited activity

retained on the edible portions of 
leafy

vegetables. There are separate values

available for radioiodines and particulates.

Yv- the agricultural productivity of irrigated

leafy vegetables (kg/m2 ).

4-4 V .2
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f..

f the fraction of the year that vegetables are

irrigated.

B -v the crop to soil concentration 
factor

applicable to radionuclide i. (pci/kg

vegetables)/(pCi/kg soil).

P - the effective surface density 
of soil (kg/m 2).

Ai = the decay constant for radionuclide i (h- 1 ).

AEi = the effective removal rate for activity.

deposited on crop leaves 
(h-1 ), calculated as

AEi Ai + Aw

AW the rate constant for removal 
of activity from

plant leaves by weathering (h- 1 ).

te = the period of leafy vegetable exposure during

the growing season (h).

tb - the period of long-term buildup 
of activity in

soil (h).

th the time between harvest 
of vegetable and

human consumption (h).

L the water content of leafy vegetable edible

parts (L/kg).

4.5 REDUCTION TO NUREG-01
3 3 EQUATIONS

NUREG-0133 does not have 
shoreline deposit equations, 

which can be

eliminated by setting the 
Water Recreation Mixing 

Ratio to zero in

the Liquid Receptor Transaction 
definition under EMS.

For the other equations, 
reduction to NUREG-01

3 3 is obtained by

setting:

Ni 1 (this 6an be set in the 
definition of Fraction 

of

Activity Reaching Receptor 
in DFP)

average transit time 
tp 0 (this can be set in the

definition of Dose Calculation 
Parameters in DFP)
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CHAPTER 5

GAS DOSE FACTOR CALCULATIONS

The DFP option is used to calculate 
the gas dose factors described

previously. Dose factors are calculated separately 
for each

nuclide, organ, and age group. The age group, applied to a specific

receptor's dose calculations, 
is part of the receptor specification.

The same gas dose factors are 
used for both the site boundary 

dose

rate calculations and for 
the maximum individual 

controlling

location dose calculation.

The dose factor for each particulate 
or iodine nuclide i (or

tritium) is given-below. It is a function of pathway, 
organ, and

age group. The pathways considered are:

1. Inhalation

2. Ground

3. Milk (Cow or Goat)

4. Meat

5. Vegetable

5.1 INHALATION PATHWAY

PiTa r' (BR) a (DFAir)a (mrem/yr per pCi/m
3

r' 1E6 pCi/PCi

5-1
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(BR)a breathing rate for age group a, 
in cubic m/yr

(DFAiT)a - inhalation dose factor for organ 
T, for age group

a, for nuclide i, in mrem/pCi

5.2 GROUND PLANE PATHWAY

RiTa K" (SF) DFGit e(1 _ c it/ i

(m2 -mrem/yr per pCi/sec).

where

K' = 1E6 pCi/PCi

K" - 8760 hr/yr

A decay constant for nuclide i, 
in sec 1I

t exposure time (sec) 4.73E8 (15 years)

DFGiT- ground plane conversion factor for. 
nuclide i, organ T

(The same DFGiT factors apply to 
all age groups. The

factors labelled total body in the database are

applied to all other organs)

SF - shielding factor

5.3 MILK PATHWAY

RiTa =EK' (DFLiT)a e Aitf O F i Uap

.0

I r (1 - (Ai+A>)
+ Biv

(I-e Aib)

p A .
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+ (1-f f )e i h
Ps I

-
+ B.

(lA + Awe) (l- lib)

l Y (i-Al) p B.

)-'--7

(m2 - mrem/yr per pCi/sec)

where

A' = 1E6 pCi/pCi

QF feed consumption rate by the 
milk animal (cow or goat)

(Kg/day)

U 4 - age group a milk consumption 
(cow or goat)

Yp agricultural productivity by 
unit area of pasture feed

grass, in Kg/sq. m

Ys agricultural productivity by unit area of 
stored feed,

in Kg/sq. m

Fmi- stable element transfer 
coefficient for nuclide 

i,

from feed to milk, in days/liter

3iv factor for uptake of radionuclides 
from soil by crops

r - fraction of deposited activity 
retained on animal feed

grass (cow or milk). Separate values are used for

radioiodines than all other 
particulates.

(DFLid)a ingestion dose factor for organ T, for nuclide i, for

receptor in age group a, in mrem/pCi

,Ai decay constant for nuclide i

w decay constant for removal 
of activity on leaf and

plant surfaces by weathering, in 
sec 1

tf - transport time from pasture to 
cow or goat to milk to

receptor, in sec.

th= transport time from pasture to 
harvest to cow or goat

to milk to receptor, in sec.

te M seasonal crop exposure time, 
in sec.

f - fraction of year that animal 
is on pasture

p 5b-3w e~z



4fs fraction of animal feed that is pasture grass while
animal is on pasture

Carbon-14 in Milk

Rita - K'K" Fmi F Uap (DFLit)a PC (0.11/0.16) e Aitf

(m2-mrem/yr per pCi/sec)

where

K"' M

PC =

0.11 -

0.16 -

1E3 gm/Kg

fractional equilibrium ratio

fraction of total plant mass that is natural carbon

concentration of natural carbon in the atmosphere
(g/m3)

and all other parameters as defined above
I

Only Q,. and Uap depend on cow or goat.

Tritium in Milk

Rit tK F a d Q Uap (DFLiT)a (0.75) (0.5/°) eAtf

(m2-mrem/yr per pCi/sec)

where

K"' -=

E =

0.75 -

0.5 -

1E3 gm/Kg

absolute humidity, gm/cubic meter

fraction of total feed that is water

ratio of specific activity of feed grass water to the
atmospheric water

and all other parameters as defined above
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Only OF and Uap depend on cow or goat.

5.4 MEAT PATHWAY

RiTa ' ' (DFLiTia e i f Q Ffi Uap

(l-e i w e) 1-e

1 YpP 4  A+ ) -( v p 1 A

r ~l+Awt ) 1 -e i b -[r i-el w e )

+ (l-f f )e ith 
iv p

psL YS (Ai+ lw p1

where

Ffi - stable element transfer 
coefficient for nuclide i,

from feed to meat, in days/Kg

Uap - receptor's meat consumption (Kg/yr)

th = transport time from crop field to receptor, in sec

tf - transport time from pasture to receptor, in sec

and all other factors are as described for the cow-

milk pathway

Carbon-1 4 in Meat

RiTa K'K"R FfiQF Uap (DFLi!)a Pc (0.11/0.16) eAlitf

(m2 -mrem/yr per pCi/sec)

where all terms are as defined above.
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Tritium in Meat

RiTa = K'K"' Ffi OF Uap (DFLiT)a (0.75) (0.5/H) e) Atf

(m2-mrem/yr per pCi/sec)

where all terms are as defined above.

5.5 VEGETABLE PATHWAY

RiTa K' (DFL T)a

r (1 o-( i+AW)te)

Y (A,+ AY).YV (i w

S -Ait

a g

r (1 - (A i+Aw te)

Y (Ai+ A )cv

L -A tUa fL e i L *.

a L

-Ait *

iv

p Ai '

0

Biv (l-e i b) 1

p A. ]

6

(m2 wrem/yr per pCi/sec)

where

uLUa

S ,Uam

fL=

g

consumption rate of fresh leafy vegetation 
for age

group a, in Kg/yr

consumption rate of stored vegetation 
for age group a,

in Kg/yr

fraction of annual intake of leafy 
vegetation gxown

locally

fraction of annual intake of stored 
vegetation grown

locally 09
5-6
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tL - average time between harvest 
of leafy vegetation and

consumption, in sec.

ts= average time -between harvest 
of stored vegetation and

consumptionf, in. sec.

tb ' long term sediment exposure time, 
in sec.

te ' seasonal crop exposure time, 
in sec.

e = vegetation areal density, in Kg/m 2

Ysv stored vegetation areal density, in 
G/nm2

p- effective soil surface density

Biv D soil to vegetation transfer 
factor for nuclide i

All other factors are as defined 
above.

Carbon-14 in Vecetables

RiTa K" K L + Us) (DFLit)a Pc (0.11/0.16) e& itf

(m2-mrem/yr per yCi/sec)

where all variables are as defined 
earlier.

Tritium in VeSetables

Rita K' IK"' (UL+ US) (DFLiT)a a (0.75) (0.5/H) e Aitf

(m2-mrem/yr per pCi/sec)

where all variables are as defined 
earlier.

5.6 REDUCTION TO NUREG-01
33 EQUATIONS

Inhalation and ground plane 
pathways are the same in R.G. 

1.109 and

NUREG-0133. For the other pathways (milk, meat, and vegetable),

these equations reduce to the NUREG O133 values by setting:

tb '°
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a
te = 9.999E19

- 0 (in tritium equations only)

There are no C-14 equations in 
NUREG-013 3 , which can be obtained by

setting PC = 0.

0

09
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