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The Station OffSite Dose Calculation Manusl (ODCM) is divided into twe
parts: (1) the in.plant Radiological Effluent Monitoring Program requirements
for 1iquid snd gas sampling and ausiysis, along with the Radiological
Environmental Monitering Program reguirements (Fart A)j and (2) spproved methods
to determine effluent monitor setpoint values and estimates of doses and
radionuclide concentrations occurting beyond the boundaies of Seabrook Station

resulting from normal Station operation (Part B).

The sampling and snalysis programs in Part A provide the inputs for the
models of Part B in order to calculate offsite doves and radionuclide
concentrations necessary to determine compliance with the dose and concentration
requirements of the Station Technical specification 3/4.11. The Radiclogical
Environmentsl Monitoring Program required by Technical Specification 3/4.12 and
outlined within this manual provides the means to determine that measurable con-
centrations of radioactive materials relessed as & result of the operation of
Seabrook Station are not significantly higher than expected.
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1.0 INTRODUCTION

‘Part B of the ODCM (Off-$ite Dose Calculation Manua.) provides formal
and approved methods for the caleulation of off-site concentration, off-site
doses and effluent monitor setpoints, and 13d1cates the locations of
environmental monitoring stations in order to comply with the Seabrook Station
Radiological Effiuent Technical Specifications (RETS), Sections 3/4.3.3.9,
4/4.3.3.10, and 3/4.11, as well as the REMP detalled 1n Part A of the manual,
The ODCM forms the basis for station procedures which document the off-site
doses due to station operation which are used to show compliance with the
numerical guides for design objectives of Section I1 of Appendir I to |
1OCFR Part $0. The methods contalined herein follow accepted NRC guidance,
uiless otherwite noted in the text.

1.1 Responsibilities for Part 8

A1l changes to Part B of the CDCM shal)l be reviewed and approved by the
Station Operations Review Committee (SORC) 1n accordance with Technical
Specification 6.13 prior to implementation. Changes made to Fart B shall be |
submitted to the Commission for their information in *he Semiannual
Radioactive Effiuent Release Report for the period in which the change(s) was

made effective.

It shall be the responsibility of the Station Manager to ensure that
the ODCM 1s used in the performance of in-plant surve!llance requirements and
administrative controls of the appropriate portions of the Technical
specifications, and Effiuent Control Program detailed 1n Part A of the
manual. The Production Services Manager shall be responsible to ensure that |
the Radiological Environmental Monitoring Projram described In Section 4 of '
part B 15 implemented in accordance with Technical Specification 3/4.12 and
Part A of this manual. |

g.1-1
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f : 1.2 Summary of Methods, Dose Factors, Limits, Constants, Variables and
= Definitions

This section summaiizes the Method 1 dose equations which are used as
the primary means of demonstrating compliance with RETS. The concentration
and setpoint methods are identified in Table B.1-2 through Table B.1-7. NKhere
more refined dose calculations are needed, the use of Method 11 dose ;
determinations are described In Sections 3.2 through 3.9 and 3.11. The dose
factors used in the equations are in Tables B.1-10 through 8.1-14 and the
Regulatory Limits are summarized ia Table B.1-1. ;

e e

The variables and special definitions used in this OOCM, Part B, are in
Tables B.1 -8 and B.1-9.

T ey —

B.1-2
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TABLE B.1-

(Continued)
Summary of Radiological Effluent Teck~"- ~~ifications and Implementing Equations
(v
Technical Specification Catey. 4 Method 1 Limit
3.3.3.10 Gaseous Effluen®
Monitor Setpoint
Plant Vent Alar 'Trip Setpoint Eq. 5-9 5. 3.10.2.%
Wide Range Gas for Tot. Rody Dose (Total Body)
Monitors Rate
Alarm/Trip Setpoint £q. 5-10 7.5. 3.0.2.0
for Skin Dose Rate (Skin)

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

(2) Technical Specification 3.11.4.a requires this evaluation oniy if twice the limit of equations 3-1,
3-2, 3-12, 3-15 or 3-18 is reached. If this occurs a Method Il calculatlon, using actual release point
parameters with annual average or concurrent meteorology and ldentified pathways for a rzal indiviwuai,
shall be made.

B.1-5
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TABLE 8.1-2

Summary of Method 1 Eguations to Calculate
Unrestricted Area Liquid Concentrations

Equation

Number Category Equation
2-1 Total Fraction uf MPC in NG Z Z LI
Liquids, Except Ncble Gases MPC
2-2 Total Activity of Dissolved cNG uly | C?G
and Entrained Notle Gases 1 'ml |
from all Station Sources ¢ 2£-04
|
|
|
|
|
% . B.1-6
8683R ODCM Rev. 8







Variable

oF®

€0

skin

tb
0/Q

EL(R)

8683R

TABLE B.1-8
(continued)

Summary of Variables

Definition

“‘“

Beta alr dose factor for nuclide
{Table 6.1-10)

Critical organ dose rate due to iodines
and particulates

Skin dose rate due to noble gases

Total body dose rate due to noble gases

Deposition factor for dry deposition of
elemental radiolodines and other particulates

Elevation release point (R) correction factor

Flow rate out of discharge tunnel

Flow rate past liquid waste test tank monitor

Flow rate past plant vent monitor

Fraction of total MPC assoclated with
Paths 1, 2, 3, and &

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

Maximum permissible concentration for
radionuclide "1" (10CFR20, Appendix 8,
Table 2, Column 2)

Release to the environment for
radionuclige "1"

Release rate to the environment for
radionuclide "i"

B.1-14

Dimensionless

gpm Cr
ftslsec

gam
€L
sec

Dimensionless

Dimensionless

vl
cc

curies, or
pcuries

uCi/sec
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TABLE B.1-14

i m tors or lodin

Tritium, ang Particulate Releases

Education Center The “Rocks"
Critical Organ Critical Organ Critical Organ Critical Organ

mrom mr!m 3@( »- mrem mrotb- gl
T P B A 17 Mo A - M yr

!
I
? Dose Factor Dose Rate Factor Dose Factor Dose Rate Factor
!

Radionuclide DFG‘COE uCl

H-3 §.45€-11 2.036-03 §.85E-10 2.16£-02
| Cr-5) 4.98E-09 2.126-01 2.68E-08 1.07€+00 «
| Mn-54 1.39E-06 §.20E401 5. 84E-06 2,556402
| Fe-59 3.09€-07 1.29E+01 1,74E-06 §.78E+01
| Co-58 3.89€-07 1,726401 2.01€-06 8. 11€+01
| Co-60 2.17€-05 9. 786402 8.83-05 3.97E403
| In-65 7.30€-07 3.31E+01 3.23€-06 1.37€+02
| §r-89 1.15€-07 3.636+00 1.23E-06 3.88£401
g 5r-90 5. 14E-06 1, 626402 5.48E-05 1.73E+03
| 2r-95 3.38E-07 1.35£401 2.22€-06 8.18E+0]
: Nb-95 1.53€-07 §.43E+00 8.59€-07 3.37601
| Mo-99 1.626-08 5.58€-01 ) .50€-07 4.92£+00
| Ru-103 1.30€-07 §.336+00 7.74€-07 2,95E+01

Ag-110m 3.43€-06 1. §5E+02 1 .S4E-05 6.47€402

Sb-124 §.96E-07 2.89€+01 4.04€-06 .56E+02

1-131 7.79E-07 2.47E+0) §.27€-08 2.61E402

1-133 1.84E-07 §.83E+00 1.95E-06 6. 18401

Cs-134 §.83E-06 3.08E+02 2.78€-05 1.25E+03
Cs-137 1.03€-05 4.54E402 4.19-0" 1.89E+03

Ba-140 1.14E-07 3.85£400 1.10E-06 3.56E+0)

Ce-141 4.09€-08 1. 45£400 3.59€-07 1,20E+01

Ce-144 §.95€-07 2.27E+0] 7.026-06 2.25E+02

Other* 2.26€-06 1.02€+402 9.56E-06 4.16£+02

* Dose factors to be used in Methed 1 calculations for any "other" detected gamma
emitting radionuciide which is not included in the above list.

(1) see Seabrook Station Unit | Tecanical Specification Figure S.1-1.

B.1-21
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TABLE B.1-]1¢

Vent ck Elevation ﬂ% Ground L%¥s_
elease Point Correction Factor

»
Receptor Point (R) Release Type
1. Maximum Off-Site a. Noble Gases
Receptor
b. lodine, Tritium,
and Particulates
: 2. The “"Rocks" a. Noble Gases
| b. lodine, Trituim,
' and Particulates
3.  The “Education a. Noble Gases
Center"

b. lodine, Tritium,
and Particulates

i SR e,

Notes:
(1) The sum of doses from both plant vent stack (EL(R)

g T

e S

T

e b, A AL B i b e d

E
|
;
| ; B.1-22
|
|
|
l

p—

|

Correction Facter(e)
EL(GRD)

12.1

12.5

9.4
9.4

14.3

14.3

= 1.0) and ground

level release (EL(R) = "values from Table B.1-15") must be considered
for determination of Technical Specification compliance.

(2) See Sec.ion 7.2.6 for a description of how the EL(GRD) were gerived.

ODCM Rev. B
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£ . :§: M ¢ 2600 (2-2)

(uC1/m) (uCi/m)  (uCi/mld

where:!

FENG = Total fraction of MPC in 1iguids, excluding noble
gases, at the point of discharge from the multiport diffuser

Cpi « Concentration at point of discharge from the multiport
diffuser of radionuclide “1", except for dissolved and

entrained noble gases, from all tanks and other significant
sources, p, from which a discharge may be made (including the
waste test tanks and any other significant source from which
a discharge can be made). Cpy s determined by dividing
the product of the measured radionuclide concentration in
liguid waste test tanks, PCCW, steam generator blowdown, Or
other effluent streams times thelr discharge flow rate bv the
total available dilution water flow rate of circulating and
service water at the time of release (uCi/ml).

MPC; = Maximum permissible concentration of radionuclide "i" except
for dissolved and entrained noble gases from 10CFR20,
Appendix B, Table II, Column 2 (uCi/m1)

C?G « Total concentration at point of discharge of all dissolved
and entrained noble gases in liquids from all station
sources (uCi/ml)

C?? « Concentration at point of discharge of dissolved and entrained
noble ?as “i{* in liquids from all station sources
)

(pCi/m

2.2 Method to Determine Radionuclide Concentration for Each Liquid
Effiuent Source

2.2.1 Maste Tast Tanks

Coi is determined for each ragionuclide detected from the activity in
a representative grab sample of any of the waste test tanks and the predicted

flow at the point of discharge.

The batch relsases are normally made from two 25,000-gallon capacity
waste test tanks. These tanks normally hold liquid waste evaporator

B.2-2
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distillate. The waste test tanks can also contaln other waste such as liquid
taken directly from the floor drain tanks when that 1tquid does not regquire
processing in the evaporator, distillate from the boron recovery evaporator
when the BRS evaporator is substituting for the waste evaporator, and
distillate from the Steam Generator Blowdown System evaporators and flash
steam condensers when that system must discharge 1iquid off-site.

If testing indicates that purification of the waste test tank contents
is required pricr to release, the 1iquid can be circulated through the waste
demineralizer and filter.

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

Prior to discharge, each waste test tank is analyzed for principal
gamma emitters in accordance with the 1igquid sample and analysis program
outlined in Part A to the CCCAH.

2.2.2 Turbline Building Sump

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

system.

Sampling of this potential source is normally done once per week for
determining the radloactivity released to the environment (see Table A.3-1).

2.2.3 Steam Generator Blowdown flash Tank

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

8.2-3
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b Steam generator blowdown is only subject to sampling and analysis when ;

o all or part of the blowdown 1iguid 1s being discharged to the environment ;
instead of the normal recycling process (see Table A.3-1). ‘

T -
g d T e

2.2.4 Primary Component Cooling Water (PCCW) System

The PCCW System is used to cool selected primary components.

S e 0 1T 10 ] o ™ e
! B
N—

The system is normally sampled weekly to determine \f there is any
F radwaste in leakage. If leakage has been determined, the Service Kater System { |
| is sampled to determine 1f any release to the environment has occurred.

o N N |
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3.0 OFF-SITE DOSE CALCULATION METHODS

Chapter 3 provides the basis for station procedures required to meet
the Radiological Effluent Technical Specifications (RETS) dose and dose rate
requirements contained in Section 3/4.11 of the station cperating Technical
Specifications. A simple, conservative method {called Method I) 1s listed in
Tables B.1-2 to B.1-7 for each ¢f the requirements of the RETS. Each of the
Method 1 equations is presented in Sections 3.2 through 3.9. In additioen,
those sections include more sophisticated methods (calied Method 1I) for use
when more refined results are needed. This chapter provides the methods,
data, and refercnce material with which the operator can calculate the needed
doses, dose rates ane setpoints. The bases for the dose and dose rate
equations are given in Chapter 7.0.

The Semiannual Radiocactive Effluent Release Report, to be filed after

January 1 each year per Technical Specification 6.8.1.4, requires that

meteorological conditions concurrent with the time of release of radicactive
, materials In gaseous effluents, as determined by sampling frequency and
| measurement, be used for determining the gaseous pathway doses. For
| continuous release sources (i.e., plant vent, condenser air removal exhaust,
iﬁ and gland steam packing exhauster), concurrent quarterly average meteorology
| will be used in the dose calculations along with the quarterly total
radioactivity released. For batch releases or fdentifiable operational
activities (i.e., containment purge or venting to atmesphere of the Waste Ga.
System), concurrent meteorology during the period of release will be used to
determine dose If the total noble gas or icdine and particulates released in
the batch exceeds five percent of the total quarterly radioactivity released
from the unit: otherwise quarterly average metecrology will be applied.
Quarterly average meteorology will also be applied to batch releases 1f the
hourly met data for the pericd of batch release 1s ynavailabie.

Dose assessment reports prepared in accordance with the reguirements of
the ODCM will include a statement indicating that the appropriate portions of
Regulatory Guide 1.109 (as identified in the individual subsecticns of the

ODCM Rev. 8
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ODCM for each class of effluent exposure) have been used to determine dose
impact from station releases. Any deviation from the methodology,

f assumptions, or parameters given in Regulatory Guide 1...., and not already
identified in the bases of the ODCM, will be explicitly described in the
effluent report, along with the bases for the deviation.

' £.3-2
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3.1 Introductory Concepts

In part, the Radiological Effiuent Technical Specifications (RETS)
1imit dose or dose rate. The term "dose" for ingested or inhaled
radioactivity means the dose commitment, measured in mrem, which results from
the exposure to radiocactive materials that, because of uptake and deposition
in the body, will continue to expose the body to radiation for some pericd of
time after the source of radicactivity is stopped. The time frame over which
the dose commitment is evaluated 15 50 years. The phrases "annual dose” or
dose in one year" then refers to the S0-year dose commitment resulting from
exposure to one year's worth of releases. "Dose in a quarter" similarly means
the §50-year dose commitment resulting trom exposure to one quarter's
releases. The term “dose," with respect to external exposures, such as to
noble gas clouds, refers only to the doses received during the actual time
period of exposure to the radicactivity released from the plant. Once the
source of the radicactivity is removed, there is no longer any additional
accumulation to the dose commitment.

¢

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

In addition to limits on dose commitment, gaseous effluents from the
station 2re also controlled so that the maximum or peak dose rates at the site
boundary at any time are limited to the equivalent annual dose 1imits of
VOCFR, Part 20 to unrestricted areas (if it were assumed that the peak gose
rates continued for one year). These dose rate limits provide reasonable
assuranc. that members of the pudblic, either inside or cutsice the site
boundary, will not be exposed to annual averaged concentrations exceeding the
1imits specified in Appendix B, Table II of 10CFR, Part 20 (10CFR20.106(a)),

' B.3-3
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The quantities AD and b are introduced to provide salculabie
quantities, related to off-site doses or dose rates that demonstrate
compliance with the RETS.

Delta D, denoted AD, 1s the guantity calculated by the Chapter 3,
Method 1 dose equations. It represents the conservative increment in dose.
The A0 calculated by Method I egquaticns 1s not necessarily the actual dose
received by a real individual, but usually provides an upper bound for a gliven
release because of the conservative margin butlt into the dose factors and the
selection and definition of ¢critical receptors. The radionuclide specific
dose factors in each Method 1 dose equation represent the greatest dose to any
organ of any age group. (Organ dose 15 a function of age because organ mass
and intake are functions of age.) The critical receptor assumed by "Method 1"
equations 1s then generally a hypothetical individual whose behavior - in
terms of location and intake - results in a dose which is higher than any real
individual ts 11kely to receive. Method II allows for a more exact gose
calculation for each individual if necessary.

D dot, denoted D, 1s the quantity calculated in the Chapter 3 dose rate
equations. It is calculated using the station's effluent wonitoring system'
reading and an annual or long-term average atmospheric dispersion factor. D
predicts the maximum off-site annual dose if the peak observed radicactivity
release rate from the plant stack continued for one entire year. Since peak
release rates, or resulting dose rates, are usually of short time duration on
the order of an hour or less, this approach then provides assurance that
10CFR20.106 1imits will be met.

Each of the methods to calculate dose or dose rate are presented in
separate subsections of Chapter 3, and are summarized in Tables B.1-1 to
8.1-7. Each method has two levels of complexity and conservative margin
called Method 1 and Method I1. Method I has the greatest margin and 1s the
simplest; generally a linear equation. Methed I1 is a more detalled analysis
which allows use of site-specific factors and varifable parameters to be
selected to best fit the actual release. Guldance is provided, but the
appropriate margin and depth of analysis are determined in each instance at
the time of analysis under Method II.

B.3-4
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3.2 Method to Calcylate the Total Body Dose from Liguid Releases

%
|
;

. Technical Specification 3.11.1.2 limits the total body dose commitment .
| to a member of the public from radicactive material in 1iquid effiuents to
1.5 mrem per quarter and 3 mrem per year per unit, Technical '
Specification 3.11.1.3 requires liguid radwaste treatment when the total body |
dose estimate exceeds 0.06 mrem in any 31-day period. Technical
| Specification 3.11.4 limits the total body dose commitment to any real member }
of the public from all station sources (ingciuding liguids) to 25 mrem in a

year. ; |

Use Method T first to calculate the maximum total body dose from 2
1iquid release from the station as |t is simpler to execute and more
conservative than Method 11.

Use Method II if a more refined calculation of total body dose is
i needed, 1.e., Method I indicates the dose might be greater than the Technicz! |
| Specification limits. |

E To evaluate the total body dose, use Equation 3.1 to estimate the dose
, from the planned release and add this to the total body dose accumulated from
| prior releases during the month. See Section 7.1.1 for basis.

R T e T —

)
i 3.2.1 Methed I _
k . The increment in total body dose from a 1igquid release 1s: ;
| :E: |
I Oy =k : Q) DFLyy, (3-1) ;
| mrem |
t (mrem) = ( ) (uCi) <;ET-> ;
where:
7 DFLitp = Stte-specific total body dose factor (mrem/pCl) for a |
liquid release. It is the highest of the four age groups. J
See Table B.1-11. '
' B.3-5
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i Qj « Tota) activity (uCi) released for radionuclide “1". (For
| strontiums, use the most recent measurement available.)

| ¥ = 918/Fy; where Fgq is the average (typically monthly

| average) dilutic flow of the Circulating Water System at

| th! point of discnarge from the multiport diffuser (in
ft3/sec). For normal operations with a cooling water fiow

of 918 ft3/sec, K 13 equal to 1.
Equation 3-1 can be applied under the following conditions (otherwise, Justify
| Method 1 or consider Method II):

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

| 2. Any continuous or batch release over any time period.

3.2.2 Method II

Method II consists of the models, input data and assumptions
(bloaccumulation factors, shore-width factor, dose conversion factors, and
transport and buildup times) in Regulatory Guide 1.109, Rev. | (Referencs A),
. except where site-specific data or assumptions have been jdentified in the
; ODCM. The general equations (A-3 and A-7) taken from Regulatory Guide 1.109,
: and used in the derivation of the simplified Method 1 approach as described in
t the Bases section, are alsc applied to Method 11 assessments, except that
! doses calculated to the whole body from radicactive effluents are evaluated
i for each of the four age groups to determine the maximum whole body dose of an
{ age-dependent individual via all existing exposure pathways. Table B.7«1
s 1ists the usage factors of Method II calculations. As noted in section B.7.1,
Efr the mixing ratio associated with the edge of the 19F surface isotherm above
i the multiport diffuser may be used in Method 11 calculations.

%
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3. Method to Calculate Max!mum Organ Oose from Liguid Releases

Technical Specification 3,11.1.2 limits the maximum organ dose
commitment to a Member of the Public from radicactive material in 1iquid
effluents to 5 mrem per gquarter and 10 mrem per year per unit. Technical
Specification 3.11,1.3 requires 1iguid racwasite treatment when the maximum
organ dose projected exceeds 0.2 mrem in any 31 days (see Subsection 3.11 for
dose projections). Technical Specification 3.11.4 limits the maximum organ
dose commitment to any rea) member of the public from all station sources
(including 1iquids) to 25 mrem in a year except for the thyroid, which is
limited to 75 mrem in a year.

Use Method 1 first to calculate the maximum organ dose from a 1igquid
release to unrestricted areas (see Figure B.6-1) as it 1s simpler to executs
and more conservative than Method II.

Use Method 11 1f a more refined calculation cf organ dose 1s needed,
1.e., Method I indicates the dose may be greater than the limit.

Use Equation 3-2 to estimate the maximum organ dose from individual or
combined 1iquid releases. See Section 7,1.2 for basis,

3.3.1 Method I

The increment in maximum organ dose from a 1iguid releise 1s:

mrem
{mrem) = ¢ ) (pCi) (ﬁfT")

where:
OFLjmo = Site-specific maximum organ dose factor (mrem/pCi) for a
11quid release. It is the highest cf the four age groups.
See Table B.1-11.
04 « Total activity (uC!) released for radionuclide "{",  (For
strontiums, use the most recent measurement available.)
g.3-7
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K « 918/Fy; where Fg 15 the average (typically monthly
average) dilution flow of the Circulating Water System at
th! point of discharge from the multiport diffuser (in
ftd/sec). For normal operations with a coolling water flow

of 918 ft3/sec, K is equal to 1.

Equation 3-2 can be applied under the following conditions (otherwise, justify
Method I or consider Method 11):

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

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

3.3.2 Method 11

Method II consists of the models, input data and assumptions
(bioaccumulation factors, shore-width factor, dose conversion factors, and
transpo. and buildup times) in Regulatory Guide 1.108, Rev. | (Reference A),
except where site-specific data or assumptions have been igentified in the
ODCM. The general equations (A-3 and A-7) taken from Regulatory Guide 1.108,
and used in the derivation of the simplified Method ] approach a3 described in
the Bases section, are also applied to Method II assessments, except that
doses calculated to critical organs from radiocactive effluents are evaluated
for each of the four age groups to determine the maximum critical organ ¢f an
age-dependent indivicual via all existing exposure pathways. Table B.7-1
1ists the usage factors for Method II calculations. As noted in Section
B.7.1, the mixing ratio associated with the edge of the 1°F surface isotherm
above the multiport diffuser may be used in Method Il calculations.

8.3-8
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3.4 Method to Calculate the Total Body Dose Rate From Noble Gases

Technical Specification 3.11.2.1 limits the dose rate at any time to
the tota) body from noble gases at any locaticn at or beyond the site boundary
to 00 mrem/year. The Technical Specification indirectly 1imits peak release
rates by limiting tpe dose rate that is predicted from continued release at
the peak rate. By limiting D, to a rate equivalent to no more than S$Q0
mrem/year, we assure that the tota) body dose accrued in any one year by any
member of the general public is less than 500 mrem.

Use Method I first to calculate the Total Body Dose Rate from the peak
release rate via the station vents(". Method I applles at all release

rates.

Use Method IT if a more refined calculation of 6tb is desired by the

station (1.e., use of actual release point parameters with annual o actual
meteorology to obtain release-specific X/Qs) or if Method I predicts a dose
rate greater than the Technical Specification 1imit to determine if it had
actually been exceeded during a short time interval. See Section 7.2.1 for

basis.

Compliance with the dose rate limits for noble gases are gontinuously
demonstrated when effluent release rates are below the plant vent noble gas
activity monitor alarm setpoint by virtue of the fact that the alarm setpoint
is based on a value which corresponds to the off-site dose rate limit, or a
value below it. Determinations of dose rate for compliance with Technical
Specifications are performed when the effiuent monitor alarm setpoint is
exceeded, or as required by the Action Statement (Technica! Specification
3.3.3.10, Table 3.3-10) when the monitor is inoperable.

(1) The primary vent stack mix mode releass X/Qs are assumed in the OOUCM
Method 1 equations when the correction factor for relgase point
elevation, EL(R), 15 set at 1.0,

' B.3-9
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3.4.1 Methed I

The Total Body Dose Rate due to noble gases can be determined as
follows:

3
mrem, _ pCi-sec. pCl, . mrem-m
( yr ) (pC1-m3 ) () (sec) (pCTTE?')

where:

EL(R) « Elevation Release Point (R) correction factor
(dimensionless). For primary vent stack releases, EL(STACK)
equals 1.0. For ground level releases, EL(GRD) equals 12.1
for the maximum off-site receptor, as shown on Table B.1-15.

Q‘ « The release rate at the station vents (uCi/sec), for each
shown ‘n Table 8.1-10.

ll‘“.

noble gas rajionuclide,
DFB‘ « Total body gamma dose factor (see Table 8.1-10).

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

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

3.4.2 Method 1I

Method 1I consists of the mode! and input data (whole body dose
factors) in Regulatory Guide 1.109, Rev. 1 (Reference A), except where
site-specific data or assumptions have been identified in the ODCM. The
general equation (B-8) taken from Regulatory Guide 1.109, and used in the
derivation of the simplified Method I approach as described in the Bases

section, 1s also applied to a Method Il assessment. NoO credit for a shielding

8.3-10
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y factor (5p) associated with residential structures 1s assumed. Concurrent
meteorology with the release period may be utilized for the gamma atmospheric
dispersion factor identified in OOCM Equaticn 7-3 (Section 7.2.1), and

L determined as indicated in Section 7.3.2 for the release point (either ground
f level or vent stack) from which recorded effluents have been discharged.
l

: B.3-11
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3.5 Method to Calculate the Skin Dose Rate from Noble Gases

Technica! Specification 3.11.2.1 limits the dose rate at any time to
the skin from noble gases at any location at or beyond the site boundary to
3,000 mrem/year, The Technical specification indirectly 1imits peak release
rates by limiting the dose rate that {s predicted from continued release at
the peak rate. By limiting Dskln to a rate equivalent to no mere than
3,000 mrem/year, we assure that the skin dose accrued in any one year by any
member of the general public is less than 3,000 mrem. Since 1t can be
expected that the peak release rate on which 6sk1n is derived would rot be ‘
exceeded without corrective action belng taken to lower it, the resultant
average release rate over the year is expected to be considerably less than

the peak release rate.

Use Method I first to calculaté the Skin Dose Rate from the peak
release r te via the station vents(1). Method 1 applies at all release

rates.

Use Method Il if a more refined calculation of 6sk1n i desired by the
station (1.e., use of actual release point parameters with annua! or actual
meteorology to obtaln release-specific X/Qs) or If Method I predicts a dose
rate greater than the Technical Specification limit to determine if it had
actualiy been exceeded during a short time interval. See Section 7.2.2 for

basis.

Compliance with the dose rate limits for noble gases are continuously
demonstrated when effluent release rates are below the plant vent noble gas
activity monitor alarm setpoint by virtue of the fact that the alarm setpoint
is based on a value which corresponds to the off-site dose rate limit, or @
value below it. Determinations cf dose rate for compliance with Technical
Specifications are performed when the effluent monitor alarm setpeint is

exceeded.

(1) The primary vent stack mix mode release X/Qs are assumed in the
OOCM Method 1 equations when the correction factor for releass point
evaluation, EL(R), is set equal to 1.0.

B.3-12
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The Skin Dose Rate due to noble gases 1s:

oremy ooy (RLER-SLC,
yr tec pei=yr
where:
EL(R) = Elevation Release Point (R) correction factor (dimensionless).

For primary vent stack releases, EL(STACK) equals 1.0, For
ground level releases, EL(GRD) equals 12.1 for the maximum
off-site receptor, as shown on Table g8.1-15.

61 « The release rate at the staticr vents (uCli/sec) for each
radionuc'ide, "1", shown in Table B.1-10.

DF; combined skin dose factor (see Table B.1-10).
Equation 3-4 can be applied under the following conditions (otherwise,
justify Method I or consider Method 1I):

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

3.5.2 Method II

Method I1 consists of tie modal and input data (skin dose factors) in
Regulatory Guide 1.109, Rev. 1 (Reference A), except where site-specific data
or assumptions have been identified in the OOCM. The general equation (B-8)
taken from Regulatory Guide 1.109, and used in the derivation of the
simplified Method 1 approach as described in the Bases section, 15 also

applied to a Method II assessment, no credit for a shielding factor (SF)

B.3-13
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l associated with residentia)l structures is assumed. Concurrent meteorology

£ with the release period may be utilized for tha gamma atmospheric dispersion

| factor and undepleted atmosptoric dispersion factor identified in ODCM

‘-. Equation 7-8 (Section 7.2.2), and determined as indicted in Sections 7.3.2 and
| 7.3.3 for the release point (either ground level or vent stack) from which

1 recorded effluents have been discharged.
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3.6 hod to Calculate the Critical Organ Dose Rate from lodines, Tritium and
Particulates with Ty;2 Greater Than 8 Days

Technical Specification 3.11.2.1 iimits the dose rate at any time to
any organ from ]3'1. ‘331. 3H and radionuclides in particulate form with
half 1ives greater than 8 days to 1500 mrem/ ear to any organ. The Technical
Specification indirectly limits peak release rates by limiting the dose rate
that s predicted from continuvd release at the peak rate. By limiting 6ca
to a rate equivalent to no more than 1500 mrem/year, we assure that the
critical organ dose accrued in any one year by any member of the general

public is less than 1500 mrem.

Use Method 1 first to calculate the Critical Organ Dose Rate from the
peak release rate via the station ven;s(]). Method I applies at all release

rates.

Use Method I1 if a more refined calculation of bco is desired by the
station (1.e., use of actual release point parameters with annual or actual
meteorology to obtain release-specific X/Qs) or {f Method I predicts a dose
rate greater than the Technical Specification limit to determine if 1t had
actually been exceeded during a short time interval. See Section 7.2.3 for

basis.

3.6.1 Method I

The Critical Organ Dose Rate can be determined as follows:

‘ L d L

DCO = tL(R) [r Q! DFhiCO (3-5)
mrem, pCl mrem-sec

( r ) ( ) (SOC) (W)

(1) The primary vent stack mix mode release X/Qs are assumed in the
ODCM Method 1 eguations when the correction factor for release point
elevation, EL(R), is set equal to 1.0,
B.3-15
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where:

EL(R) = Elevation Release Point (R) correction factor (dimensionless).
For primary vent stack releases, EL(STACK) equals 1.0. For
ground leve! releases, EL(GRD) equals 12.5 for the maximum
off-site receptor, as shown on Table B.1.15.

DFG{ .o = Site-specific critical organ dose rate factor /mrem-$ec,
for a gaseous release. See Table B.1-12. pCleyr

6, « The activity release rate at the station vents of ‘
radionuclide 1" in uCi/sec (i.e., total activity measured of
radionuclide 1" averaged over the time pericd for which
the filter/charcoal sample collector was fin the effluent
stream). for | « Sr89 or Sr90, use the best estimates
(such as most recent measurements).

Equation 3-5 can be applied under the following conditions (otherwise,
ju tify Method I or consider Method I1):

1. Norma! operations (not emergency event), and
2. Tritium, 1-131 and particulate releases via monitored station vents

to the atmosphere.

3.6.2 Method 1I

Method II consists of the models, input data and assumptions in
Appendix C of Regulatory Guige 1.109, Rev. | (Reference A), except where
site-specific data or assumptions have been identified in the QDCM (see
Tables B.7-2 and B.7-3). The :ritical organ dose rate will be determined
based on the location (site boundary, nearest resident, or farm) of recepter
pathways as identified in the most recent annual land use census, or by
conservatively assuming the existence of ail pathways (ground plane,
inhalation, ingestion of stored and leafy vegetables, milk, and meat) at an
off-site location of maximum potential dose. Concurrent meteorology with the
release period may be utilized for determination of atmospheric dispersion
factors in accordance with Sections 7.3.2 and 7.3.3 for the release point

B.3-16
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(either ground leve! or vent stack) from which recorded effluents have been
discharged. The maximum critical organ dose rates will consider the four age
groups independently, and take no credit for a shielding factor (SF) '
associated with resioential structures.
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A , ! he Gamma Alr from Noble Gases

e e o

Technical Specification 3.11.2.2 1imits the gamms dose to alr frou
noble gases at any location at ¢ beyond the site boundary to § mrad in any
quarter and 10 mrad in any year per gnit. Dose evaluation s regquired at

least once per 31 days.

Use Method I first to calculate the gamma air dose for the station
vont(l’ releases during the period.

s a B sy o L e —

Use Method 11 1f a more refined calculation s needed (1.e., use of
| actual release poiat perateter with annual or actual meteorology to obtaln
? release-specific X/Qs), or 1f Method 1 preeicts 2 dose greater than the |
| Technical Specification 1imit to determine 1 1t had actually been exceeded. .

See Section 7.2.4 for basis.

| 3.7.) Method 1 |
| |
| The gamma air dose from statfon vent releases 15 |
¥ Y .
Dg‘r « 2.76-08 * EL(R) * 2; O' DF‘ (3-6)

3

(arad) » (BRLZXDy ¢ ) (uety  (OCAEE,

pCiem pCl-yr

where:
Q - total activity (uCi) released to the atmosphere via station

vents of each radionuciide 1" during the period of interest. ,

DF} « gamma dose factor to air for radionuclide "i%, Sye Table B.1-10

EL(R) = Elevation Release Point (R correction factor (dimensionless).
for primary vent stack releases, EL(STACK) equals 1.0. For :
ground level releases, EL(GRD. equals 12.1 for the maximum E
off-site receptor, as shown on Table B.1-15. :

(1) The primary vent stack mix mode release X/Q: are assumed in the
O0CM Method 1 equations when the correction facter for release point

| elevation, EL(R), 15 set equal to 1.0.

B.3-18
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3.8 Method to Calculute the Beta Alr Dose from Noble Gases

Technical Specification 3.11.2.2 limits the beta dose to alr from noble
gases at any location at or beyond the ¢ite boundary to 10 mrad in any quarter
and 20 mrad in any year per unit. Dose evaluation fs required at least once

per 31 days.

Use Method 1 first to calculate the beta air dose for the station
vent’]) stack releases during the period. Method 1 applies at all dose

levels.

Use Method 11 1% a more reftned calculation s needed (1.e., use of
actua) release point parameters with annual or actua! meteorology to obtain
release-specific X/Qs) or 1f Method 1 predicts a dose graater than the
Technica) Specification limit to determine 1f 1t had actually been exceeded.

See Seciion 7.2.5 for basis.

3.8.1 Method 1
The beta air dose from station vent releases 1s:
B 8
Dnr s 2.BE-0B * EL(R) * 21: Q t)b’1 (3-7)
(arad) » (2D ¢ ) (uety  (BLRES ’)
| ¥ pCi-yr

pCie-m
were.

'DF? « Beta dose factor to alr for radionuclide "1" (see Tabis £.1-10).

Q‘ « Total activity (uCi) released to the atmosphere via station
vents of each radionuclide “i" during the period of interest.

——

(1) The primary vent stack mix mode release X/Qs are assumed in the
OOCM Method 1 equations when the corrective factor for release point

elevation, EL(R), 15 set equal to 1.0.
: 8.3-20
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EL(R) « Elevation Release Point (R) correction factor (dimensionless). l

For primary vent stack releases, EL(STACK) equals 1.0. For
ground level releases, EL(GRD) equals 12.] for the maximum
off-site receptor, as shown on Table B.1-1§.

Equation 3-7 can be app!ied under the following conditions (otherwise
Justify Method 1 or consider Method 115

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

3.8.2 Method 11

Method 11 consists of the models, input data (dose factors) and
assumptions in Regulatory Guide 1.109, Rev. 1 (Reference A), except where
site-specific data or assumptions have been \dentif ed In the CDCM. The
general equations (B-4 and B-5) taken from Regulatory Guide 1.109, and used in
the derivation of the simplified Method I approach as described in the Bases
Section 7.2.5, are a'+0 applied to Method 11 assessments. C.ncurrent
meteorclogy with the . lease period may be utilized fo. the atmospheric
dispersion factor identified in ODCM Equation 7-15, and determined, as
indicated in Sections 7.3.2 and 7.3.3 for the release point (elther growr
level or vent stack) from which recorded effluents have been discharged.
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3.9 Method to Calculate the Critica) Organ Dose from lodines, Tritium ang
Particulates

Technica) Specification 3.11.2.3 limits the critical organ dose to a
member of the public from radioactive fodines, tritium, and particulates with
half-1ives greater than 8 Jays in gasecus efflyents to 7.5 mrem per Qquarter
and 15 mrem per year per unit. Technical Specification 3.11.4 Timits the
tota) body and organ dose to any real member of the public from all station
sources (including gaseous effiuents) to 25 mrem in a year gxcept for the
thyroid, which 1s limited to 75 mrem ir a year.

Use Method I first to calculate the critical organ dose from & vent
release as 1t is simpler to execute and more conservative than Method I1.

' Use Method 11 1f & more roflned calculation of critical organ dose 1s
needed (1.e., Method 1 indicates the dose 15 greater than the limit). See
Section 7.2.6 for basis,

3.9.1 Method I
.
Oco = EL(R) 5‘;0‘ II)FG'co (3-8)
(mrem) « () (uC1) (EE%E)
0 « Total activity (uCi) released to the atmosphere of radionuclide

"{% during the period of interest. For strontiums, use the most
recent measurement.

UFG1CO « Site-specific critical organ dose factor (mrem/pCi) . For each
radionuclide 1t 1¢ the age group and organ with the largest dose
factor. See Table B.1-12.

EL(R) = Elevation Release Point (R) correction factor {dimensionless’ .

for primary vent stack releases, EL(STACK) equals 1.0. For

ground leve) releases, EL(GRD) equals 12.5 for the maxfimui

of f-s1te receptor, as shown on Table B.1-15.
§.3-22
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Equation 3-8 can be applies under the following conditions (otherwise,
justify Method 1 or consider Method 11):

1. Normal operations (nonemergency event),

2. lodine, tritium, and particulate releases via station vents to the
atmosphere, and i

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

3.9.2 METHOO 11

Method 11 consists of the mode!. '='v - & 4 assumptions in
Appendix C of Regulatory Guige 1.109, R - 1t vl . ), except where
site-specific data or agssumptions havi been .. iiffes 1n the ODCM (see
Tables B8.7-2 and B.7-3). The crit'cal organ ¢o 2 wil! be determined based on
the location (site boundary, nearest resident, ¢r farm) of receptor pataways,
as identified in the most recent annual land use census, or by conservatively

assuming the existence of o1 pathways (ground plane, inhalation, {ngestion of
stored and leafy vegetables, milk and meat) at an off-site location of maximum

potential dose. Concurrent meteorology with the release period may be
uti11zed for determination of atmospheric dispersion factors in accordance
with Sections 7.3.2 and 7.3.3 for the release point (iither ground level or
vent stack) from whirh recorded effluents have been discharged. The maximum

critical organ dose will consider the four age groups Independently, and use a

shielding factor (SF> of 0.7 associated with residential structures.

8.3-23
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3.10 Method to Calculate Direct Dose from Plant Operation

Technical Specification 3.11.4 restricts the dote to the whole body or
gny organ to any member of the public from all uranium fuel cycle sources
(including direct radiation from station facilities) to 25 mrem in & calendar
year (except the thyrold, which is 1imited to 75 mrem). It should be noted
that since there are no uranium fuel cycle facilities within & miles of the
station, only station sources need be considered for determining compliance
with Technical Specification 3.11.4,

3.10.1 Method

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

The dose determined from direct mesurements or calculations will be
related to the nearest real person off-site, as well as those irdividuals
on-site Involved in activities at either the Education Center or the Rocks
boat landing, to assess the contribution of direct radiation to the total dose
1imits of Technica) Specification 3.11.4 in conjunction with 1iquid and
gaseous effluents.

' B.3-24
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ey e 1 R R .

(¢) Caleulate the ratio (lzb of the estimated gross primary coolant
activity for the projected period to the average value in the
reference period. Use the most recent value of primary coolant
activity as the projected valus 1f no trend In decreasing or
increasing levels can be determined.

e e I —]

TOQ“ 'Odyl otb pr - Dtb ‘ R] . Rz

i i e S

Max. Organ: Dmo or ® omo ' ﬂi ¢ R2

R —

|
I
i
(d) Determine the projected dose from: J
|

| 3.11.2 Gaseous Dose Projections
i

I
|
. |
For the gasecus radwaste treatment system, the 31-day dose projections |
are calculated by the following: '

(a) Determine the gamma alr dose ler (fquation 3-6), and the beta alr i
‘dose D.?r (Cquation 3-7) from the last typica) 31-day operating

f period.

(b) Calculate the ratio (33) of anticipated number of curies of noble 1
gas to be released from the hydrogen surge tank to the atmosphere :
over the next 31 days to the number of curles released in the :

| reference period on which the gamma and beta alr doses are based.

If no differences between the reference period and the next 31 cays

can be identified, se! R3 to 1.

PR v .

(¢) Determine the projected dose from:

. Y Y
Gamma Alr: O « D Sy R3

air pr &4 :

| |

| . b B .

E a.t‘ A1T. °‘1r pr - 0“r . Ra :

| f
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for the ventilation exhaust treatment gsystem, the ¢ritical organ dose
from todines, tritium, and particulates are projected for the next )1 days by
the following:

(a) Determine the critical organ dose Dco (Equation 3-8) from the
last typica) 3)1-day operating period.

(b) Calculate the ratio (R, of anticipated primary cooient gdose
equivalent 1131 for the next 31 days to the average dose
equivalent 1-131 leve! during the reference period. Use the most
current determination of DE 1-131 as the projected value if no
trend can be determined,

(¢) Calculate the ratio (RS) of anticipated primary system leakage
rite to the average leakage rate during the reference perfod. Use
the current value of the system leakage as an estimate of the
anticipated rate for the next 31 days 1f no trend can be determined.

(d) Determine the projected dose from:

Critical Organ: Dco or Dco . Ry - RS
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

The radiological environmental monitoring stations are 1isted in
Table B.4-1. The locations of the stations with respect to the Seabrook
Station are shown on the maps in Figures B.4-1 to B.4-6.

Direct radiation measurements are analyzed at the station, A1l other
radiolorical analyses for environmental sampies are performed at the Yankee
Environmental Laboratory. The Laboratory participates in the U.S.
Environmenta) Protection Agency's Envi-anmenta) Radloactivity Laboratory
Intercomparison Studies Program for all the specles and matrices routinely

analyzed.

pursuant to Technical Specification 4.12.2, the land use census will be
conducted "during the growing season" at least once per 12 months. The
growing season s gefined, for the purposes of the land use census, as the
period from June | 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-doer survey, visual ingpection from roadside, aerial survey, or
consulting with local agricultural authorities.

Technica! Specification 6.8.1.3 requires that the results of the
Radiological Environmental Monitoring Program be summarized 1n the Annual
Radiological Environmental Operating Report “in the format of the table in the
Radiological Assessment Branch Technica) Position, Revision 1, 1978." 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 detectabie
measurements only, as specified in the NRC Branch Technical Position, but upen
all measurements. This will prevent the positive bias assoclated with the
caleculation of the mean and range based upon detectable measurements only.
Secondly, the Lower Limit of Detection column will specify the LLO required by
OOCM Table A.5-2 “or that radionuciide and sample medium.

B.4-1
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Exposure 'lt?vay

TABLE 6.4

Radiglogical Environmenta! Monltoring sg;gipn;<')

Distance From

Sample Location

and Designated Code _ Contalnment (km)

Direction From
the Plant

WATERBORNE

e ey e e — e —

INGESTION

R T I e i . .

AIRBORNE (Particulate and Radiolodine)

AP/CF-01 PSNH Barge

Landing Area
AP/CF-02 Hampton Marina
AP/CF-03 SW Boundary
AP/CF-04 W. Boundary
AP/CF-05 Winnacunnet H.5.(P7
AP/CF-06 Georgetown

Substation (Control)

W§=01 Hampton-Discharge Area
WS-51 Ipswich Bay (Control)

§E-02  Hampton-Discharge Area(®)

SE-07  Hampton Beach

SE-08  Seabrook Beach(d)

$E-52  Ipswich Bay (Control)(P)

SE-87 Plum Islang Beach
(Control) (¥

T™M-04 Scllsburg. MA
TM-08 Hampton Falls, NH
TM-10  Hampton Falls, NH
T*-20 Rowley, MA (Control)

Fish and Invertebrates(c)

FH-03 Hampton - Discharge
Area

FH-63  Ipswich Bay (Control)

HA-04  Hampton - Discharge
Area

HA-54 Ipswich Bay (Control)

MU-08 Hampton - Discharge
Area

MU-$6  Ipswich Bay (Control)
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TAgL% 6.4-)
continue

Radlologica! Environmental Monitoring ;tgg1ons("

Distance From

Exposure Pathway Sample Location Unit 1 Direction From
/ ] _and Designated Code Containment (km) the Plant

4. DIRECT RADIATION

TL-1 Brimmer's Lane, 1.1 N
ﬂ Hampton Falls
? TL-2 Llnding Rg., Hampton 3.2 NNE
TL-3 Giade Path, Hampton 3.1 NE
f Beach
f TL-4 Island Path, Mampton 2.4 ENE
| Beach
| TL-$ Harbor Rd., Mampton . 3
] Beach
| TL-6 PSNH Barge Landing 2.7 ESE
i Area
| TL-7 Cross Rd., Seabrook 2.6 St
| Beach
| TL-8 Farm Lane, Seabrook 1.1 SSE
| TL-9 Farm Lane, Seabrook M 3
i TL-10  Site Boundary Fence 1.0 SSHW
{ TL-11  Site Boundary Fence 1.0 K
| TL-12 Site Boundary Fence 1.0 WSH
| TL«13  Inside Site Boundary 0.8 W
| TL-14 Traller Park, Seabrook 1.1 WNKW
| TL-18 Brimmer's Lane, 1.4 NW
f Hampton Falls
| TL-16 Brimmer's Lane, 1.1 NNK
| Hampton Falls
| TL-17  South Rd., N. Hampton 1.9 N
| TL-18 Mill Rd., N. Hampton 1.6 NNE
t TL-19  Appledore Ave., 7.9 NE
| N. Hampton
[ TL-20 Ashworth Ave. 3.4 ENE
Hampton Beach
| TL«21  Route 1A, Seabrook 2.7 13
| Beach
| TL-22 Cable Ave., 1.6 SSt
| Salisbury Beach
f TL-23 Ferry Rg., Salisbury 8.1 S
'1 TL-24 Ferry Lots Lane, 1.2 SSH
. Salisbury
TL-25 Eim St., Amesbuyry 7.8 SW
TL-26 Rouyte 107A, Amesbury 8.1 WEW

’ . 8.4-3
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TA 4.1
continued’
(a)

Radioleg cal Environmenta) Monitoring Stations ~
Distance From

Exposure Pathway Sample Location Unit 1 Direction From
nd/or Samp! and Designated Code  Contalnment (km) the Plant
TL-27 Mighland §t., 1.6 W
$. Hampton
TL-28 Route 150, Kensington 7.9 WNK
TL=29 Ffrying Pan Lane, 7.4 NW
Hampton Falls
TL«30 Route 101C, Hampton 1.9 NNW
TL=31 Alymni Orive, Hampton 4.0 NNE
TL-32 Seabrook Elementary School 1.9 S
TL-33 Dock Area, Newbyryport 9.7 S
TL-34 Bow St., Exeter 12.1 NW
TL-35 Lincoln Ackerman School 2.4 NNW
TL-36 Route 87, Georgetown 22 S5W
(Control)
TL-37 Plaistow, NH (Control) 26 WEW
TL-38 Hampstead, NM (Control) 29 W
TL-39 Epping, NH (Control) 27 NI
TL-40 Newmarket, NH (Control) 24 NNW
TL-41 Portsmouth, NH 21 NNE
| (Contro1)(B)
TL-42 Ipswich, MA (Contrel)(®) 27 §SE

Ta) Sample Jocations are shown on Figures B.4-1 to B.4-6.

(b)

()

This sample location 15 not required by monitoring program defined iIn Part A of
gosﬂ:lbroq:am requirements specified in Part A do not apply to samples taken at
his location.

Samples will be collected pursuant to OOCM Table A.5-1. Samples are not
required from all stations 1isted during any sampling interval (FH = Fish;

HA = Lobsters: MU « Mussels). Table A.5-1 specifies that “one sample of three
:ommnrcia\I{ and recreationally important specles” be collected in the vicinity
of the plant discharge area, with similar specles being collected at a contrel
location, (This uord\ng s consistent with the NRC Fimal Environmental
Statement for Seabrook Statton.) Since the discharge area {g off-ghore, there
is a great number of figh specles that could be considered commercially or
recreationally important. Some are migratery (such as striped bass), making
them less desirable as an indicator of plant-related radiocactivity. 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 provige unnecessary redundancy In terms of monitering
important pathways to man, three fish and invertebrate species have been
specified as a minimum requirement. Samples may include marine fauna such as
Jobsters, clams, musséls, 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 avallable after a reasonable effort has
been made (e.g., yellowtall flounder and winter flounder) .
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FIGURE B.4-5
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fy = 1 - "2 * f, . f‘); where f, 13 the fraction of the
tota! contribution of MPC at the discharge point to be
associated with the test tank effluent pathway and, fz. f’.
‘ and f‘ are the sir lar fractions for Turpine Building sump,
steam generator ble “wn, and primary component cocling
pathways, respectively: (f, « oo fg o fg £ 1

e o T —

¢
OFain = z‘ ﬂ;&, T

MPC, « MPC for radionuclide "1 from 10CFR20, Appendix B, Table 11, .
Column 2 <(uCi/mi), In the event that no activity 15 expected
to be discharged, or can be measured in the system, the
11quid monitor setpoint should be based on the most
restrictive MPC for an “unidentified” mixture given in

10CFR20, Appendix B, notes.

R I R R N S e m | s

’ Cp = Activity concentration of radionuciide “1" In mixture at the
monitor (uCi/ml)

§.1.1.2 Liguid Waste Test Tank Monitor Setpoint Example

The activity cencentration of each radionuciide, Cpy. in the waste
test tank 1s determined by analys!s of a representative grab sample obtained
at the radwaste sample sink. This setpoint example 1s based on the following

e Ban—b s ool s e i

— - a—

| data:

|

| * ¢y (uCI/MD) MPC, (uC1/m)
| Cs-134 2.15E-08 §E-06
Cs-137 7.486-08 2€-0

|

| Co-60 256805 3£-08

| ; Cyy = 218605 « 7.486-05 ¢ 2.56E-05 = 1.220-04

1 | ¢! ¢! |

| el o (KL (ESL)

| 8.5-3
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Under these conditions, and with the fraction f' of total MPC to be
associated with the test tank selected as 0.6, the setpoint of the liquid

radwaste discharge monitor 1s:

Reetpoint = T b’?f" Z Can (5-1)
%?-‘- ¢3¢ <%§_‘;

1.22€-04

() () (B

e 2.0,e=02 uCi/ml or uCi/ce

In this example, the alarm of the 1iquid radwaste discharge monitor should be
set at 2.87E-02 uCi/cc above background.

§.1.2 Turbine Building Drains Liguld Effluent Monitor (RM-6521)

The Turbine Bullding drains 1iquid effluent monitor continucusly
monitors the Turbine Building sump effluent 1ine. The only sources to the
Sump Effluent System are from the secondary steam system, Activity is
expected in the Turbine Building Sump Effiuent System only 1f a significant
primary-to-secondary leak is present, If a primary-to-serondary leak 1s
present, the activity in the sump effluent system would be comprised of only
those radionuc!ides found in the secondary system, with reduced activity from

decay and dilution,

The Turbine Building drains 1iquid effluent monitor grovides alarm and
automatic termination of release prior to exceeding the concentration limits
specified in 10CFRZG, 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 1iguid waste test tank monitor 1f the tota) sump activity is
greater than 10 percent of MPC. 1f the total activity 1s less than 10 percent
of MPC, the setpoints of RM-6521 are calculated as follows:

B.5-5
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High Trip Monitor " fz (DF') (1, 0E-07 uCi/ml) (§-21)
Setpoint (uCi/ml)

where:

OF' = Q!r*g!“ing water flow ra%o (gpm)
ow rate pass monitor (gpm

1.0€-07 uCi/m! = most restrictive MPC value for an unidentified mixtyure
given In 10CFR20, Appendix B, Note 3b.

f2 w1 « (f) « f3 ¢ fg); where the f values are
described above.

Karning Alarm e ( Migh Trip ) (A.26) (522
Monitor Setpoint Monitor Setpoint ‘
(uCi/mD) :

§.1.3 Steam Generator Blowdown Liguid Sample tonitor (RM-6519)

The steam generator blowdown 1iquid sample monitor \s used to detect
abnormal activity concentrations in the steam generator blowdown flash tank

1iquid discharge.

The alarm setpoint for the steam generator blowdown 11guid sample
monitor, when 1iquid 15 to be discharged from the site, will be determined
using the same approach as the Turbine Building drains 1iquid effluent monitor.

For a guld monitor, in the event that no activity fs expected to be
discharged, or can be measured in the system, the 1iguid moniter setpoint
should be based on the most restrictive MPC for an funidentified" mixture
given in 10CFR20, Appendix B notes.

§.1.4 PCCW Head Tank Rate-of-Change Alarm Setpoint

A rate-of-change alarm on the liguid level in the Primary Componeént
Cooling Water (PCCW) head tank will work in conjunction with the PCCH
radiation monitor to alert the operator in the Main Control Room of a laak to

B.5-6
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the Service Water System from the PCCW System. For the rate-of -change alarm,
a setpoint 1s selected based on detection of an activity level equivalent to
10" uCi/m! in the discharge of the Service Water System, The activity in
the PCCW 1s determined in accordance with the 1igquid sampling and analysis
program described in Part A, Table A.3-1 of the OOCM and 15 used to determine

the setpoint.

The rate-of-change alarm setpoint {s calculated from:

-8, L
RC ., = 1x10 SWF PEC (5-23)

set

(ﬁ}l) . (%%l) (g3, ‘E%T)

where:
'csat « The setpoint for the PCCW head tank rate-of-change
alarm (in gallons per hour),
T « The minimum detectable activity level fn the Service
Water System due to a PCCW to 3WS leak (uCi/ml).
SWF « Service Water System flow rate (in gallons per hour).
PCC « Primary Component Cooling Water measured (decay

corrected) gross radloactivity level (uCi/ml),

As an example, assume a PCCW activity concentration of lxlo°5 pCl/ml
with a service water flow rate of only 80 percent of the normal flow of 21,000

gpm. The rate-of-change setpoint |s then:

Reget « 111078 BEL . 1 0x10% gp (1710107 KL

RCs.t = 1000 gph

B.5+7
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As a result, for other PCCW activities, the RC"t which would also
relate to a detection of a minimum service water ¢concentration of
1x10°% 4Ci/ml can be found from:

-5 n f . \
RCget = l.!_lQ__NJ%'cém_'___‘QQQJED (§5-24)

§.1.5 PCCW Radiation Menitor

The PCCHW radlation monitor will alert the operator in the Main Control
Room of a leak to the PCCW System from a radicactively contaminated system.

The PCCH radiation moniter alarm is baz-d on a trend of radlation
evels in the PCCW System. The background radiation of the PCCK 15 determined
by evaluating the radiation levels over a finite time perfod. The alert alarm
setpoint is set at 1.5 x background, and the high alarm setpoint 1s set at
2 x background, per Technical Specification Table 3.3-6.

g.5-8
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6.0 LIQUID AND GASEOUS EFFLUENT STREAMS, RADIATION MONITORS AND RADWASTE |
TREATMENT SYSTEMS 5

Figure 8.6-1 shows the 1iquid effluent streams, radiation monitors and
the appropriate Liguid Radwaste Treatment System. Figure B.6-2 shows the
gaseous effluent streams, radiation meniters and the appropriate Gaseous
Radwaste Treatment System.

for more detalled information concerning the above, refer to the
Seabrook Station Final Safety Analysis Report, Sections 11.2 (Liguid Waste
System), 11.3 (Gaseous Waste System) and 11.5 (Process and Effiuent
Radiclogical Monitoring and Sampling System).

The turbine gland sea! condenser exhaust 1s an unmonitored release
path. The fodine and particulate gasious releases will be determined by
continuously sampling the turbine gland seal condenser exhaust. The noble gas
releases will be determined by the ncble gas released via the main condenser
alr evacuation exhaust and ratioing them to the turbine gland seal condenser
exhaust by use of the flow rates.

] B.6-1
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Liguid Effiuent Streams, Radiation Monitors, and
Radwaste Treatment System at Seabrook Station
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7.0 BASES FOR DOSE CALCULATION METHODS

7.1 Ligquid Release Dose Calculations

This section serves: (1) to document the development and conservative
nature of Method 1 equations to provide background infor=ation to Met ~c '
users, and (2) to identify the general equations, paramevers and appt i . to
Method 11-type dose assessments.

Method I may be used to show that the Technical Specifications which
1imit off-site total body dose from liguics (3.11.1.2 and 3.11.1.3) have been °
met for releases over the appropriate periods. The gquarterly and annual dose
limits in Technical Specification 3.11.1.2 are based on tne ALARA design
objectives in 10CFRSO, Appendix 1 Subsection II A. The minimum dose \alues
noted In Technical Specification 3.11.1.3 are "appropriate fractions," as
determined by the NRC, of the design objective to ensure that radwaste
equipment 15 used as required to keep off-site doses ALARA.

Method I was devel® =d such that “"the actual exposure of an
individual ... is unlikely to be substantially underestimated" (10CFRSO,
Appendix 1), The definition, below, of a single "critical receptor” (a
hypothetical or real individual vhose behavior results ina maximum potential
dose) provides part of the conservative margin to the calculation of total
body dose in Method 1. Method I allows that actual individuals, associated
with identifiable exposure pathways, be taken into account for any given
release. In fact, Method 1 was based on a Method 11 analysis for a critical
receptor assuming all principal pathways present instead of any real
indivigual. That analysis was called the "base case:" 1t was then reduced to
form Methcd 1. The general equations used in the base case analysis are also
used as the starting point in Method 11 evaluations. The base case, the
method of reduction, and the assumptions and data used are presented below.

The steps performed in the Method 1 derivation follow. First, the dose
impact to the critical receptor [in the form of dose factors DFL1tb
(mrem/pCi)] for a unit activity release of each radioisotope in liquid
The base case analysis uses the general equations,

efflyents was derived.
ory Guide 1.109 (Equations A-3 and

methods; data and assumptions in Regulat

B.7-1
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A-7, Reference A). The liquid pathways contributing to an individual dose are
due to consumption of fish and invertebrates, shoreline activities, and
swimning and boating near the discharge point. A normal operating plant
discharge flow rate of 918 ftalsec was used with a mixing ratio of 0.10.

The mixing ratio of 0.10 corresponds to the minimum expected prompt dilutien
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 19F surface isotherm (mixing
ratio .025) can be applied in the Method 1l calculation. The edge of this
isotherm typically does not reac” ~~° shoreline receptor points during the
tidal cycle.) The location of the critical receptor 1s assumed to be the edge .
of the mixing zone at the ocean surface.

The regquirements for the determination of radiolegical impacts
resulting from releases in 1lquid effluents 1s derived from 10CFRS0, Appendix
1. Section 111.A.2 of Appendix 1 indicates that in making the assessment of
doses to hypothstical 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 radicactive
materials, physical processes tending to attentuate 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." 1In accessing the 1iguid exposure pathways that characterize
Seabrook Station, the design and physical location of the Circulating Water
Discharge System needs to be considered within the scope of Appendix I.

Seabreok utilizes an offshore submerged muitiport diffuser discharger
for rapid dissipation and mixing of thermal effiuents in the ocean
environment. The 22-port diffuser sectica of the Discharge System is located
in approximataly 50 to 60 feet of water with each nozzle 7 to 10 feet above
the sea floor. MWater is discharged in a generally eastward direction away
from the shorelin: tirough tne multiport diffuser, beginning at a location

B.7-2
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over one mile due east of Hampton Harbor inlet. This arrangement effectively
prevents the discharge plume (at least to the | degree or a0 to 1 dilution
{sopleth) 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 1s 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 | dilution in the near mixing zone
associated with the ) degree isotherm, has been verified by physical model

| tests (reference "Hydrothermal Studies of Bifurcated Diffuser Nozzles and
| Thermal Backwashing - Seabrook Station," Alden Research Laborateries,

| 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 tunrel water volume is significant!y increased (factor of about 35)
| 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 ¢f the thermally
buoyant effluent in the near field mixing zors assures that an equivalent
overall 10 to 1 dilution occurs by the time the plume reaches the ocean

surface.

ODCM Rev. 8
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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
(M ) to account for the mixing ratic (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 occupled during plant 1ifetime, 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, bcth the mixing rativ® + 7 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 thoreline or from the area of diffuser, are not exposed to the
undiluted effluent plume. The shore area 1s 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 %O
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 1s
finfish. However, the mixing ratio of 0.1 is very conservative because fish
will avold both the high exit welccity 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 1s achieved within 70 seconds of discharge and
confined to a very smali area, thus prohibiting any significant quantity of
fish from reaching equilibrium conditions with radioactivity concentrations
created in the water environment.

B.7-4
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The mixing ratio of 0.025, which corresponds to the ] degree thermal
near field mixtsg zone, 15 a more realistic assessment of the dilution to
| which finfish might be exposed. Howevar, even this dilution credit is
conservative since 1t neglects the plant's operational design which discharges
radicactivity 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. When dose impacts from the fish pathway are then added to the very
conservative dose impacts derived for shoreline exposures and invertebrate
ingestions, 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-D133 s a
simplistic assumption provided so that a single mode! 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 10CFRSO,
Seabrook has determinz site-specific mixing ratios which factor in its plant

design.

The transit time used for the aguatic 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 8.1-11. Appendix A provides an example of
the development of & Method I liquid dose conversion factor for site-specific
conditions at Seabrook.

e i 1 . ¥ L

7.1.1 Dose to the Total Body

For any liquid release, during any period, the increment in total body
dose from radionuclide "i" 1s:

i, A S e, Sk e b o ead L e e
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°°tb -k Q‘ DFL‘tb (7-1)
mrem
(mrem) € ) (uCi) (;IT_)

where.

DFLitp = S'te-specific total body dose factor (mrem/uCi) for a
liquid release. It is the highest of the four age groups.

See Table B.1-11.
Q4 « Total activity (uCl) released for radionucitide "1".

K = 918/F¢ (dimensionle.s); where Fy 1s the average dilution
flow of the Circulating Water System at the go1nt of
discharge from the multiport diffuser (in ft=/sec).

Method 1 15 more conservative than Method II in the reglen of the

Technical Specification limits because the dose factors OFLitb used in

Method 1 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 cich
radionuclide 1s conservatively represented by 1ts own critical age group.

7.1.2 Dose to the Critical Organ

The methods to calculate maximum organ dose parallel to the total body
dose methods (see Section 7.1.1).

For each radionuclide, a dose factor (mrem/uCi) was determined for each
of seven organs and four age groups. The largest of these was chosen to be
the maximum organ dose factor (DFL'mo) for that radionuclide. DFLimo
also includes the external dose contribution to the critical organ,

For any 1iquid release, during any period, the increment in dose from
radionuclide “i" to the maximum organ is:

imeo

mrem
{mrem) ¢ ) (uCO) (;ET )

ADmo =k Qi DFL (7-2)
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| where:

| DFLimo = Site-specific maximum orYan dose factor (mrem/uCi) for a
| 1iquid release. See Table B.1-11.

1

| Q4 « Total activity (uCi) released for radionuclide "i",

| K = 918/Fy (dimensioniess); where Fg fs the average dilution
i flow of the Circulating Water System at the point of

discharge from the multiport diffuser (in ftd/sec).
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TABLE B.7-1

tisage Factors for Various Liguid Pathways at Seabrook_Station
(From Reference A, Table E-5*, excejt as noted. Zero where no pathway exists)

AGE VEG. LEAFY MILK MEAT FISH INVERT.  POTABLE  SHORELINE  SWIMMING*** BOATING***
(KGIYR) (xgsb (LITER/YR) (KGIYR)  (KG/YR) (KGIYR) (L?Tg?vm (HR7YR) (HRTYR) (HRJYR)
Adult  0.00 0.00 0.00 0.00 21.00 5.00 0.00 334.00** 8.00 52.00
Teen 0.00 0.00 0.00 0.00 16.00 3.80 6.00 67.00 45.00 52.00
Child  0.00 0.00 0.00 0.00 6.90 1.70 0.00 14.00 28.00 29.00
Infant  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00

* Requlatory Guide 1.109
*+ Regional shorelline use associated with mudflats - Maine Yankee Atomic Power Statlon Environmentai eport

s** HERMES: "A Digita)l Computer Code for Estimating Regional Radiological Effects from Nuclear Power Industry,”
HEDL, December 1971. Note, for Method il amalyses, these pathways need not be evaluated since they represent
only a small fraction of the total dose contribution assoclated with the other pathways.
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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 eguations, parameters and approaches to Method Il-type
dose rate assessments.

Method 1 may be used to show that the Technica) Specification which
1imits total body dose rate from noble gases released to the atmosphere
(Technical Specification 3.11.2.1) 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:

. Y 2: .
3
mrem 1, (s8¢ pCl mrAm-m
(e, . (E%T) R ()
where:
(x/Q)Y = Maximum off-site receptor location long-term average gamma

atmospheric dispersion factor.
. B.56-07  (sec/m).
61 - Release rate to the environment of noble gas “1" (uCi/sec).

3
Gamma total bedy dose factor, (%E%%??—). Sae Table B.1-10.

(Regulatory Guide 1.109, Table B-1).

OFB,

Equation 7-3 reduces to:

3
mrem Cl-sec pCl mrem-m
—_—) = ) ) (=) (omr—or

f yr ) (pCi-m : sec pCi-yr
g.7-9
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The selection of critica) receptor, out!ined in Section 7.3 is inherent in the
derived Method 1, since the maximum expect.d off-site long-term average
atmospheric dispersion factors were used for a primary vent stack release.
The EL(R) term i3 added to the above equation as a dimensioniess correction
factor to be applied when calculating the impact from ground level release
points. For primary vent stack releases, this correction factor 1s equal to
1.0 since the dose conversion factors are based on meteorological dispersion
parameters derived for this release point. For release points cther than the
primary vent stack, the correction factor reflects the difference between
ground level dispersion and that assoclated with the piimary vent stack. The
sum of doses from both plant vent stack (EL(R) - 1.0) and ground level
releases (EL(R) - “values from Table B.1-15") must be considered for
determination of Technical Specification compliance. All noble gases ir
Table B.1-10 should be considered.

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

7.2.2 Skin Dose Rate From Noble Cases

This section serves: (1) to document the development of the Method I
equation, (2) to provide background information to Method 1 users, and (3) to
identify the general equations parameters and approaches to Method II-type
dose rate assessments. The methods to calculate skin dose rate parallel the
tatal hody dose rate methods in Section 7.2.1. Only the differences are
presented here.

Method I may be used to show that the Technical Specification which
limits skin dose rate from ncble gases raleased to the atmosphere (Technical
Specification 3.11.2.1) has been met for the peak noble gas releass rate.

The annual skin dose limit is 3,000 mrem (from NBS Handbook 63,

Reference 0, pages 5 and 6, 13 30 rem/10). The factor of 10 reduction is to
account for nonoccupational dose limits,

B.7-10
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It 1s 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.

Me_hod 1 was derived from the general eguation 8-9 in Regulatory Guide
1.109 as follows:

05 w101 D), + 317404 Z Q, (X/Q1  OFS, (7-4)
i

3
mrem mrem,  mrad Cl-yr ¢l sec,  mrem-m
GG = Grag’ Cyr : <%T:?¥E) yr (ml T T

where:

1.11 « Average ratio of tissue to alr absorption coeffictents (will
convert mrad in air to mrem in tissue).

DFSy = Beta skin dose factor for a semi-infinite cloud of
radionuclide “1" which includes the attenuation by the outer
"dead" layer of the skin,

Y Y
1 .3.17&04}; 0, (x/Ql OF, (1-5)

3
mrad Cl-yr Cl, . sec, mrad-m
e (ST:?ff) e (m3 T T

DF} . Gamma air dose factor for a uniform semi-infinite cloud of
radionuclide “"1".

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

D}mm. o}‘r (x/Q1Y/tx/Q] (1-6)

3
mrad mrad,  sec m
(-;F-) = ( yr ) (;3—) (;;E)

B.7-11
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‘nd 0‘ » 3\5“ 6'

Cly . (Cl-sec, (uCl,
€ - G

-yr’ "sec
" " Y 2: - Y
$0! uskin « 1.11 1E«06 [X/Q] ‘ O‘ DFi
(mrem, _ (Orem, (2%l> (246) (BCly (M -
yr mra uCi n sec’ pll=yr

+ 16406 X/Q :E: Q, OUFS,
1

3
Ci pCl  mrem-m
(ﬁfT) i§£ sec pCloyr

; substituting
Q)Y - 8.5E-07 sec/m’
3

X/Q = 8.26-07 sec/m

| . . Y :

l
|
|: uCi-mi-mrad sec pli-yr sec’ pCl-yr
;,.
| - . 3, 094 OF) + 0.82 OFS,]
1
|
| define
i"
| DF; = 0.94 DFY + 0.82 DFS,
B.7-12
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3 3
mrem, _ pCi-sec-mrem, uCi, mrem-m pCi-sec, pCl,y mrem-m
( yr ) = ( g ) (=) )(p - bR )(-Tr--—d

(7-1

(7-8)

(7-9

(7-10)

(7-11)
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then: Dskin = EL(R) * 2; Q OF (3-4)

mrem pCi mrem-sec
(—;F-) = ( ) (sec) ( Cloyr )

The ELCR) term is a dimensionless correction factor that is applied
when calculating the dose impact from a ground level release point. Fer
primary vent stack releases, this correction factor is equal to 1.0 since the
dose conversion factors derived for all Method I applications are based on
meteorological dispersion parameters calculated for this mixed mode elevation
release height. For release points other than the primary vent stack, the
EL(R) correction factor reflects the difference between ground level
dispersion and that associated with the primary vent stack. This 1s done sO
that the same 11st of mixed mode (primary vent stack) Dose Conversion Factors
(DCFs) can be used for eicher ground level or vent stack releases. The
EL(GRD) correction factors are derived by calculating all the specific nuclide
dose conversion factors in the same way as was done for the vent stack release
point (see Appendix A for example calculation of a vent stack release point
DCF), but substituting in the equivalent ground level release point dispersion
factors for each critical receptor point. Then, for each radionuclide, a
ratio between the ground level DCF and the vent stack DCF was calculated, with
the largest ratio for each release type selected to represent the correction
factor for use with the Method I dose equations. Table B.1-15 lists the
correction factors calculated in this way for each release type.

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

B.7~13
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7.2.3 Critica! 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 11 type
dose rate assessments. The methods to calculate skin dose rate parallel the
total body dose rate methods in Section it % B

Method I may be used to show that the Technical Specification which
limits organ dose rate from lodines, tritium and radionuc)ides in particulate
form with half lives greater than 8 days released to the atmosphere (Technical
specification 3.11.2.1) has been met for the peak above-mentioned release
rates. Ths annual organ dose limit is 1500 mrem (from NBS Mandbook 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 meteoro'ogy.

The equation for 6co {s derived by modifying Equation 3-8 from
Section 3.9 as follows:

e :
D, = ELR) : Qy DFG, o (3-8)
(mrem) € ) (uCD (Sri”>

applying the conversion factor, 3.154E407 (sec/yr) and converting Q to

Q in uCi/sec yields

- =t K > -
Dco 3.154E+07 * EL(R) * Z: Q DFG1C° (7-12)
mrem, _ (SeC pCi, ,mrem
(-——'—yr ) (y-'—-"r ) ¢ ) (SEC) (:a—)
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€q. 3-8 15 rewritten In the form:

Dco = EL(R) * 2}, Q DFGico (3-5)
mrem T} mrem-sec
( yr y () (Sec’  SCioyr )
where
DFGico « 3.154E+07 t:)l"G‘co (7-13)

mrem-sec, _ S mrem
“‘%Tj""p Sy - B e

In the case of the dose rate conversion factor (DFG;CO). the dose conversion
factors for fodine and particulate exposure pathways (DFG,CO) are derived
with the Shielding Factor (SF) for ground plane exposure set equal to 1.0.
For accumulated doses over extended periods, the DFGiCO are calculated with
SF = 0.7, as referenced in Regulatory Guide 1.109.

The selection of critical receptor, outiined in Section 7.3 is inherent in
Method 1, as are the maximum expected off-site atmospheric dispersion factors.

In accordance with the Basis Statement 3/4.11.2.1 in NUREG-0472, and
the base's section for the oryan dose rate limit given for Technical
Specification 3.11.2.1, a Method II dose rate calculation, for compliance
purgoses, 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 ¢campliance for a Method 1l

calculation.

7.2.4 Gamma Dose to Air From Noble Gases

This section serves: (1) to document the development and conservative
nature of Method I equations to provide background information to Methed 1

: B.7-15
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ysers, and (2) to identify the genera) equations, parameters and wpproaches to

Method 11-type dose assessments.

Method 1 may be used to show that the Technical Specification 3.11.2.1
which 1imits off-site gamma air gose from gaseous effluents has been met for
releases over appropriate periods. This Technical Specification is based on
the objective in 10CFRSO, Appendix I, Subsection B.1, which limits the
estimated gamma air dose in off-site unrestricted areas.

for any notle gas release, in any period, the increment in dose 1s
taken from Equations B-4 and B-5 of Regulatory Gulde 1.109 with the added

Y Y Y :
assumption that of1nite « DTIX/Q)T/IX/Q):

a0,y = 3.176.08 1x/Q1 Z Q, DOFY, (1-18)
‘ .

3
mead) » (BT (sec/md e (AT

where:

3.176+04 = Number of pCi per Ci divided by the number of seconds per year.

(x/Q1Y = Maximum off-site lTong-term average gamna atmospheric dispersion

factor for the primary vent stack release point.

= 8.5£-07 (s¢c/m3)

Q1 « Number of curies of noble gas "i" released.

oFY  « Gamma air dose facter for a uniform semi-infinite cloud of

i
radionuclide “i".

which leads to:

T o * Z Y 3
Da‘r = 2.7E-08 * EL(R) ‘ Q‘ DF‘ (3-8)

B.7-16
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(mrad) = (25.1:1% y () (uet) (SRl

puCi-m

As done above, the EL(R) correction factor has been added to allow for
the determination of dose impacts from ground level release points utilizing
the same dose equation as used for the primary vent stack.

The major difference between Method 1 and Method 11 is that Method 11
would use actual or concurrent meteorology with a specific noble gas release
spectrum to determine (x/Q1Y 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 Il-type dose assessments.

Method 1 may be used to show that Technical Specification 3.11.2.1,
which 1imits off-site beta air dose from gaseous effluents, has been met for
releases over appropriate periods. This Technica) Specification is based on
the objective in 10CFRSO, Appendix I, Subsection B.1, which l1imits 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:

8 § 8
a0, = 3.17E-02 X/Q 1 Q OF; (7-15)
3
o (BEi-yr sec mrad-m
(mrad) (yC1-sec) ( m3) (uCi) (pCi-yr )

B.7-17
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where: DF? « Peta alr dose factors for a uniform semi-infinite cloud of
radionuclide "1".

substituting

X/Q = Maximum off-site long-term average undepleted atmospheric
dispersion factor for the primary vent stack release poirt.

« 8.2€-07 sec/m3.
. We have ‘
0%, . 2.6E-08 * EL(R) * E: Q oF (3-7)
alr ' 0 i 1
' 3
B pCi-yr . mrad-m-
(mrad) (pChms ) ¢ ) AuClJ (m)

As done above, the EL{R) correction factor has been added to allow for
the determination of dose impacts from ground level release points utiitzing
the same dose equation as used for the primary vent stack.

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 1
l users, and (2) to identify the general eguations, parameters and approaches to

i Method II-type dose assessments.

| Method I may be used to show that the Technical Specifications which

! limit off-site organ dosa from gases (3.11.2.3 and 3.11.4) have bzen met for

l releases over the appropriate perifods. Technical Specification 3.11.2.3 1s

| based on the ALARA objectives fn 10CFRSO, Appendix I, Subsection Il o
Technical Specification 3.11.4 is based on Environmenta] Standards for Urantum

B.7-18
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Fuel Cycle in 40CFR190, which applies to direct radiation as well as Viquid
and gaseous effluents. These methods apply only to lodine, tritium, and
particuiates in gaseous effluent contribution.

Method 1 was developed such that “the actra) exposure of an
individual ... 1s unlikely to be substantially underestimated” (10CFRSQ,
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 1. Method Il allows that actual individuals, assoclated with
jdentifiable exposure pathways, be taken into account for any given release.
In fact, Method 1 was based on a Method 11 analysis of a critical receptor
assuming all pathways present. That analysis was called the "base case"; 1t
was then reduced to form Method I. 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 DFGico
(mrem/pC1)] for a unit activity release of each lodine, tritium, and
particulate radionuclide with half 1ives 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, 1{ver,
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
gxposure pathways. For each radionuclide, the highest dose per unit activity
release for any organ (or whole body) and age group was then selected to
hecome the Method I site-specific dose factors. The base case, Or Method I
analysis; uses the general egquations methods, data, and assumptions in
Regulatory Guide 1.109 (Equation c-2 for doses resulting from direct exposure
to contaminated ground plane; Equation C-4 for doses associated with
Inhalation of all radionuclides to different organs of individials of
different age groups. and Equation C-13 for doses to organs of fndividuals in
different age groups resulting from ingestion of radionuclides in produce,

ODCM Rev. 8
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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 analusis.
It is conservatively assumed that the critical receptor lives 2% 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 nucliide. These critical organ, critical age dose factors are
given in Table B.1-12. Appendix A provices an example of the development of
Method 1 gaseous dose conveision factor for site-specific conditions at

Seabrook.

for any fodine, tritium, and particulate gas release, during any
period, the increment in dose from radionuclide "1" 1s:

where DFG1co {s the critical dose factor for radionuciide “1" and 0‘ is
the activity of radionuciide "i" released in microcuries.

7.2.7 Special Receptor Gaseous Release Dose Calculations

Technical Specification 6.8.1.4 requires that the doses to individuals
involved in recreational activities within the site boundary are to be
determined and reported in the annual Semiannual Effluent Report.

The gaseous dose calculations for the special receptors parailel the
bases of the gaseous dose rates and doses in Sections 7.2.1 through 7.2.8.
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 Frem Noble Gases

Method I was derived from Regulatory Guide 1.108 as follows:

Y 8.7-20
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For the Education Center, and the "Rocks", tne OFs are:

(1)
12.5 hrs/yr
Education Center - E760 hrs/yr « 0.0014

(N
" “ §7 hrs/yr °
The “Rocks” = 80 hrs/yr « 0.0076

substituting

(x/Q)Y = 1.1E-06 sec/m3 (Education Center) for primary vent stack i
releases.

» §.0E-06 seclm3 (The "Rocks") for primary vent stack releases.
multiplying by
OF = 0.0014 (Education Center)
« 0.0076 (The "Rocks")

and adding the release point correction factor EL(R) gives:

Dth « 0.0015 * EL(R) * :;: Q DFB (mrem/yr) (7-17)

Dypp = 0-038 * ELCR) * ; Q, OF8, (mrem/yr) (7-18)
where:

6tb€. and 6tbR « Total body dose rates due to noble gases to an

individual at the Education Center and the "Rocks"
(recreational site), respectively.

(1)7aken from Seabrook Station Technical Specifications (Figure §.1-1).

BEBER ODCM Rev. 8
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61 « Defined previously.
DFB‘ = Defined previously.

EL(R) = Defined previously.

7.2.7.2 Skin Dose Rate From Noble Gases

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

0 111 16406 [x/Q1Y EL y. OFY
skin = ' " Q : Q i

16406 X/Q 2; Qy OFS,

substituting

R —

————

(7-8)

(x/Q1Y « 1.1E-06 seclm3 (Education Center) for primary vent stack

releases.

= 5.0E-06 soclm3 (The "Rocks") for primary vent stack releases.

X/Q = 1.6E-06 seclm3 (Education Center) for primary vent stack releases.

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

multiplying by
OF = 0.0014 (Education Center)

« 0.0076 (The “Rocks™)

l ' 8.7-23
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and with the addition of the release point correction factor EL(R), the
equations can be written:

‘ ” . .}: ‘ . (7-19)
Dgking = 0:0014 * ELCRY * £ Q) DFyg carem/yr)

(7-20)

Dyiing * 0-0076 ° ELRY © 2; Qi PFip (mrem/yr)

where:

| 6sk1nE and 6sklnR = The skin dose rate dui to noble gases to an
l
| individual at the Education Center and the "Rocks,”

respectively.

| 6, « Defined previously.

| EL(R) = Defined previously.

|

k

{ DF.iE and DF'!R « The combined skin dose factors for radionuclide “1"
? for the Education Center, and the "Rocks",

| respectively (see Table B.1-13).

)
:
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7.2.7.3 Critical Organ Dose Rate from Iodines, Tritium and Particulates With
Half-Lives Greater Than Eight Days

The equations for 6:0 are derived in the same manner as in
Section 7.2.2, except that the occupancy factors are also included. Therefore:

DCOE 0.0014 * EL(R) * ‘ 01 DFG\COE (mrem/yr) (7-21)

DCOR = 0.0076 * EL(R) * 2; Q; DFGicoR (mrem/yr) (7-22)

where:

= The critical organ dose rates to an individual at the

DcoE and DcoR
fducation Center and the “Rocks", respectively.

6, = Defined previously.

fL(R) = Defined previously.

= The critical organ dose rate factors for
radionuclide “i" for the Education Center
and the "Rocks," respectively (see Table B.1-14).

DF £ and OF'

ico fcof

7.2.7.4 Gamma Dose to Air From Noble Gases

Method 1 was derived from Equation (7-14):

Y ‘ B
DY, = 3.17€+04 [x/Q)Y Z: G OFf (7-14)

B.7-25
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substituting

(x/Q1Y = 1.16-06 sec/m3 (Education Center) for primary vent stack
releases.

« 5.0E-06 sec/m3 (The “Rocks") for primary vent stack releases.
multiplying by
OF = 0.0014 (Education Center)
« 0.0076 (The “Rocks™)

and 1€-06 Ci/uCi, plus adding the release point correction factor EL(R)

gives
Y (7-23)
o}‘r_s « 4.88E-11 * EL(R) * Z_ Q; OF] P— 23
Y (7-28)
o;m « 1,206-09 * EL(R) * }; Q OFY  (mrad) 7.2
where:
Y Y - fndividual at the
D‘1r£ and DatrR The gamma air doses to an ind

Education Center and the “Rocks," respectively.

Q‘ = Total activity (uCi) released to the atmosphere via the station
vents of each radionuclide "i".

oFY DF‘{,

i and EL(R) = Defined previously.

- B.7-26
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7.2.7.5 Beta Dose to Air From Noble Gases

Method I 'was derived from Squation (7-15):

8 :Eq 0. 0F® (7-15)
o, = 37Ee08 xiQ G i T
substituting

X/Q = 1.6E-06 soclm3 (Education Center) for primary vent stack
releases.

= 1.7E-05 uclm3 (The “"Rocks") for primary vent stack releases.
multiplying by
OF = 0.0014 (Education Center)
« 0.0076 (The "Rocks")

and 16-06 Ci/vCl, plus adding the release point correction factor EL(R)

gives
0% _ w 7.1E-11 * ELGR) * Z q, oF® (7-25)
airk . i el | (mrad) '
0% .« 4.16-09 * EL(R) * :E: Q, oF® (7-26)
airR ' T {mrad)
§.7-27
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7.3 Receptor Points and Average Atmospheric Digpersion Factors for
Important fxposure Pathways

, The gasecus effliuent dose equations (Method 1) have been simplified by
assuming an individual whose behavior and Viving habits tnevitably lead to 4

l higher dose than anyone else. The following exposure pathways to gaseous

effluents 1isted 1n Regulatory Guide 1.100 (Reference A) have been considered:

i. Direct exposure to contaminated air;
2. Direct exposure to contaminated ground;

3. Inhalation of air;

B T T VI

4. Ingesticn of vegetables;
§. Ingestion of goat's milk; and

6. Ingestion of meat.

Section 7.3.1 details the selection of important off-site and on-site
locations and receptors. Section 7.3.2 describes the atmospheric mode! used
to convert meteorological data into atmospheric dispersion factors. Section
7.3.3 presents the maximum atmospheric dispersion factors calculated at each
of the off-site receptor locations. ‘

7.5.1 r L ion

The mast 1imiting site boundary location in which individuals are, or
1ikely 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 individyal from existing and potential gaseous
pathways for the Method I analysts.

’ ' g.7-33
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This point 15 the west sector, 974 meters from the center of the
reactor units for undepleted, deploted, and gamma X/Q caleulations, and the
northwest section, 914 meters for calculations with 0/Q the dispersion

parameter.

The site boundary in the NNE through SE sectors 15 located over tigal
marsh (e.g., over water), and consequently are not usec as locations for
determining maximum of f-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 §.1-1 of the Technical Specifications.

’ ' B.7-34
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The primary vent stack fs treated as & “mixed-mode" release, as defined In
Regulatory Guide 1.111. Effiuents are considered to be part-time ground
level/part-time elevated releases depending on the ratio of the primary vent
stack effluent exist velocity relative to the speed of the prevalling wind.
A1l other releate points (e.g., Turb'ne Building and Chemistry lab hoods) are
considered ground-leve! releases.

In addition, Regulatory Guide 1.111 discusses the concept that constant
mean wind direction models 1ike AEOLUS-2 do not dessribe spatial and temporal
variations in airflow such as the recircylation of airfiow which can occur
during prolonged periods of itmuipheric stagnation. For sites near large
bodies of water 1ike Seabrook, the onset and decay of ses breezes can also
results In airflow reversals and curved trajectories. Consequently,
Regulatory Guide 1.117 states that ;d;ustmontt to constant mean wind direction
mode) 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 tarrain® recirculation correction
factors used by the XOQDOQ computer code.

The relative deposition rates, 0/Q values, were derived using the
relative deposition rate curves presented in Regulatory Guide 1.111
(Revision 1). These curves provide estiuates of deposition rates as 2
function of plume helght, stability class, and plume travel distance.

R r ionsg

For ground-level releases, the downwind location 5f “The Rocks"
(244m NE/ENE) and the Ed Center (40€m SW) were taken as the distance from the
nearest point on the Unit 1 Administrative Bullding/Turbine Butlding complex.
For the site boundary, the minimum distances from the nearest point on the
Administration Bullding/Turbine Bullding complex to the site boundary within a
45-degree sector centered on the compass direction of interest as measured
from FSAR Figure 2.1-4A were used (with the gxception that the
NNE-NE-ENE-E-ESE-SE site boundary sectors were not evaluated because of thelr
over-water locations).

8688R ODCM Rev. 8
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For primary vent stack releases, the distances from the Unit 1 primary
vent stack to "The Rocks" (244m NE) ang the Ed Center (488w SW) as measured
from a recent site aerial photograph were used. For the site boundary, the
minimum distances from the Unit 1| primary vent stack to the site boundary
within & 45-degree sector centered cn the compass direction of interest as
measured from FSAR Figure 2.1-4A were used (with the exception that the
NNE-NE-ENE-E-ESE-SE ¢ite boundary sectors were not evaluated because of thelr

over-water locations).

Meteorological Data Bases

For "The Rocks" and Ed Center receptors, the diffusion factors
represent six-year averages during the time pericd January 1980 through
December 1983 and January 1987 threugh December 1988 (with the exception that,
because of low data recovery, April 1979 and May 1979 were substituted for
April 1980 and May 1580). 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 metearological diffusion factor used fn the development of the ODCM
Method | dose models are summarized on Tables B.7-4 through B.7-6.

B.7-37
8688R
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TABLE B.7-4

Seabrook Station Dilutiom Factors*
rimary Vent Stack

s Dose Rate to Individual Dose to Afr
Jotal Body Skin Critical Organ “Gamma Seta
X/Q deplieted (1‘;.9; - " 7.5£-07 » -
m
X/Q undepleted (-‘-3'—9) 5 8.2E-07 - B 8.26-07
m

0/Q 5 o - 1.56-08% - -

m
x10Y (3-§£) 8.5£-07 8.5£-07 - 8.56-07 -

m

* West site boundary, 974 meters from Containment Building
**Northwest site boundary, 914 meters from Containsent Building

B.7-38
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Education Center:
{SK - 488 meters)

X/Q depleted <5§5)

m
X/Q undepleted <§§S>
m

pro ()

o2
x10Y <§§£>

m

The "Rocks”

{ENE - 244 meters)
X/Q depleted (°55)

3
X/Q undepleted (§§9>
m
D/Q (15>
m
x1Q¥ 355
m

TABLE B.7-5

R i e

imary Vent Stack

___Dose Rate to Individual
Total Body Skin Critical Organ

- . 1.5£-06
- 1.6£-06 -

. A 2.76-08
1.1E-06 1.1£-06 -

. . 1.6€-05
. 1.7€-05 -

- - 1.16-07
5_0E-06 5.0E-06 *
B.7-39

Dose to Alr
Beta
- 1.6E-06
1.1E-06 -
- 1.76-05
5.0F-06 -

Dose to
Critical

Thyrotd

1.5€-0€

1.6E-05
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where f, s equa! to the fraction of the tota! contribution of MPC at the
discharge point to the environment ts be associated with the test tank
efflyent pathway, such that the total sum of the fractions for the four 1ig

uld |
dgischarge pathways 1s equal to or less than one (f‘ . '2 + '3’ f‘ < .

The monitoring system 15 designed to incorporate the detector
efficiency, §,, Into {ts software. This results in an automatic readout in
uCi/ce or uCi/ml for the monitor response. Since this procedure for
converting ¢ps to pCi/ml 13 {nherently done by the system software, the
monitor response setpoint can be calculated in terms of the total waste test
tank activity concentration in pCi/m! determined by the laboratory analysis.
T-erefore, the setpoint calculation for the 1iquid waste test tank 1s:

“utpoint . ¥ U%;- Z‘ Coi (§-1)
ﬂﬁ-}) o e <H§+>

8.2 {g for the Plant Vent Wide Rang nitor ints

The setpoints of the plant vent wide range gas monitors must ensure
that Technical Specification 3.11.2.1.a 1s not exteeded. Sections 3.4 and 3.5
show that Equations 3-3 and 3-4 are acceptable methods for determining
compliance with that Technical Specification. Which eguation (1.e., dose to
total body or skin) is more limiting depends on the noble gas mixture.
Therefore, each equation myst be considered geparately. The derivations of
‘w.ations §5-5 and 5-6 begin with the general equation for tha response R of a

radiation monitor:

3
(cpm) = (52%E§E-) (ES%)
cm
B.8-4
ODCM Rev. 8

8683R

T ——T T -






e T — —
P [ TR —— ve— R S R

R —— TR - —

APPENDIX A
pDose Conversion Factors

I. Ligquid Pathways - Seabrook Site specific DCF's

The models used to assess doses resulting from
cffluents into liquids is derived from Appendix A cf 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/ atic foods =invertebrates; and
dose from shoreline deposits (direct dose) . No drinking
vater or irrigation pathways exist because of the salt
water environment. In addition, exposures resulting from
poating and swimning activities have been included for key
radionuclides even though Reg. Guide 1.109 identifies these
pathways as not contributing any significant contribution 4
to the total dose, and therefore does not provide dose
eguations for them, For completeness, the swimming and
boating pathways have been includes 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 radicnuclide 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.
rhe list of dose factors in the ONCM then represents a
combination of different 11n1t1ng 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.

develo the following calculation for Co=60 is shown.
The critical organ/age group is selected based on the full
assessnment of all organs and age groups.

As an example of how the liquid dose conversion factors are
'
ica

Factor for fish Ingestion:

The general equation for ingesticn deses in RG 1.109
is eq. A-l.

U 'M SN 4

ap P P
1119. 7 ' E Q'8 D ‘e
F . i ip aipj

The full assessment for the ODCM dose factors
indicated that for i = Co-60, the paximun dose

(mrem/yr; is to the GI-LLI of an adult as the
target organ and age group, therefore!

A-2

N——

N ——)









T 1= 1.,923:°10 radicactive half life in
days for CO-60

-8
D t= 1,70-10 dose factor for CO-60 due
aipj to deposits in se’iments,
units of (mrem/hr)/(pci/m2)

t =0, transit time to point of
P exposure, hrs

t = 131400 period that sediment is

b assumed to be exposed to
vater contamination for long
term buildup, set at 15 -
years for Method I ICF's ¢

Q@ = 1.0 curies per year, Co-60
i ass

111970 conversion factor to convert
(Ci/yr)/(ft3/sec) to
pci/liter and account for
the propo:tionality constant
used in sediment model

Therefore the dose to the vhole body and each organ
due to direct exposure to the ghorel ine (mrem/yr) is:

ap P
111870 ""'"";"—" Q 'TD

U ‘M ‘W -\t
. p v
i aip)

-5t
b
e l1~e = 0,0573

Direct dose due to Swimming:

The dose due to immersion in water (awimming) is taken
from the HERMES computer code. The original ODCM
calculation was based on sone preliminary dilution
assumptions which gave a near field prompt dilution factor
for the nultégcrt {ffuser of 8., For single unit
operation with both service water and circulating water
flow (412,000 gpm), a value on 10 is more realistic.
This surface area of the plume is restricted to a small
area over the diffuser and dces not touch the shoreline
approx. 1 mile away. gince the over all impact from
swinming is small when compared to the other exposure
thways, the criginal conservatism on dilution are kept
ere,
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The dose from swimming is given by the follewing equation:

v
12 p
15010 o wmae Q :'DF (mrem/yr)
¥ i im
a i
Where:
v 1= 45 hrs/yr, usage factor for
P swimming for maximum age
group (teen) from HERMES.
11
F = 6.5 10 liters/yr, estimated annual
a dilution effluent flow in
multiport diffuser
Q 1= 1.0 Curies/yr, assumed release
i rate of nuclide i.
-6
DF t= 4.6°10 mrem~liters per hrs-pCi, dose
im factor for Co-s0 for water
immersion ta“un from HERMES.
12
1.0°10 constant for pCi/Ci

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

x

12 P -8
1-0'10 'U "-"—'Q DF ad 3-155‘10
p F i im

As can be seen, the contribution of the swimnming
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
HKERMES is taken as half of the swimming dose, (and
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corrected for change in usage assumptions). The
resulting dose is found to be less than the swimming
dose and can also therefore be discounted in this
case.

Total liguid Pathway dose:

The sum of the above liquid pathway doses can now be
added to give the total maximum individual dose to
t?o critical organ (adult-GI~LLI) for Co-60. This
gives:

0.0103 + 0.0245 + 0.0572 = 0,0921 mrem/yr

Since the internal doses given by the RG-1.109
methods actually are 50 yr dose commitments
resulting fcom one year exposure to the gquantity of
activity assumed to be released into the water, and
the direct cose represents the dose received for the
period assumed to exposed to the pathway, and
the activity release was taken as a unit quantity
(i.e, Q= 1 Ci), the above total liguid pathway dose
can be stated as site specific committed dose factor
in mrem/Ci released. For Method I in the ODCM, the
critical organ dose factor is seen to be 0,0921
mrem/Ci, as shown above. The value reported on
Table B.1-11 (9.22 E~08 mrem/uCi) 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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Y1. Gasecus Pathways - Seabrook Site Specific DCF's

The models used to assess doses resulting from gaseous
effluents in the form of iodines, tritium, and particulates
are derived from Appendix C of Reg. Cuide 1.109. For Seabrook,
it is assumed that at the off site location which exhibits
minimum atmospheric dilution for plant releases the following
exposure guthways 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

cnlculuting 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 nuc ide are calculated for
each of 7 organs ( includ the whole body) for each of the 4 age.
groups. The Method 1 dose factor for each nuclide is then
selected by the highest facter for any organ in any of the
age groups for al sure pathways combined. The list of dose
factors 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 crgans and age groups as if they were for all
the same critical organ-age group.

As an example of how the gaseous rticulate dose factors are
developed, the following calculation fer Mn-54 is shown. The
critical orqan/agc group for Mn-54 was selected gased on a full
assessment of all organ and age group cembinations. 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 the GI~-LLI for the adult.

PART A: Inhalation Dose Contibution:

The general equaticns for inhalation doses in RG 1.109
are eqg. C-3, and C-4 which together give:

4 X
3.17-10 'R ¢ |=|" E ¢ ‘DFA = D
a (Q : i ija ja
i

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

4
3.17°10 {s the number of pci/Ci divided by

the number of second per year
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R = 8000 the breathing rate for age group a

a (adults) in m"3 /Jyr.

X -7

-= 7,510 the long term average depleted

Q atnoughuric dispersion factor, in

sec/m 3, at the maximum exposure
point off site (S.B.)

Q =1 the release rate of nuclide i to the
i atmosphere in Ci/yr
-6
DFA 1= 9,67 10 the inhalation dose factor for
ija nuclide i (Mn=54), organ j (GI-LLI),

and age group a (adult) taken from
RG 1.109, table E-7, in mrem/pCi
inhaled.

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

4
3.17:10 ‘R -[g] Q ‘DFA = 0.00184 mrem/yr per Ci
a i ija

PART B: Ground Plane Direct Dose Contribution:

The general equations for ground glanc external
direct dose in RG 1,109 are eguations C-1 and C-2
which together give the dose DG as:

12 D 1-e
8760°1.0:10 8 =] E Q - . OFG
F i X ij

~ere for the case of Mn-54 releases, the variables in the asbove
equation are defined as:
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12

1.0:10 {s the number of pCi per Ci
8 1= 0.7 the shielding factor provided by
r residential structures (dimensicnless)

for use in calculation accumulated doses
over time. Note that for determination
of dose rate factors éi.-. instantaneous
dose rates) the shielding factor is set
egual to 1.0, or in affect ne credit for
dose reduction is taken for determination
of dose rates at points in time.

D
- = 1,510 the long term average relative
Q deposition factor at the paximum site

poundary location, in 1/m"2
)  i= 0.8105 is the radiological decay constant for

4 Mn-54 (nuclide i in this case) in 1/yr.
t =15 is the time in years over which
b accunulation is evaluated ( approx.
midpoint of plant operating life)
-9
DFG t= 5,80 10 external dose factor to the whole
13 body, or any internal organ , for

standing on contaminated ground
from Mn=54 (RG 1.109 Table E-6) in

mrem/hr per pci/m"2

Q = 1.0 is the unit release ?uuntity assumed
i for each nuclide i, in Ci/yr.
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:

i3 per

i T
per

el

12 D 1 -e
8760:-1.0-10 8 +|=|'Q - DFG = 0,658 nrem
F i 9
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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 tcrnz-. produce, and leafy vegetables resulting
from atmospheric tranfers of the activity to the surface of the
vegetation and onto the scil for root up . For all
radiciodines and particulate nuclides (except tritius and C-14),
the concentration of nuclide i in and on the vegetaticn at a
point of interest can be calculated using R.G. 1.109 equations
c-5 and C<6, which combined gives:

r - -t A ot ]
Ei e i | = -t

8 |[D 1 =0 i*e i h
1.24°10 < |=['Q |F + B ' ‘@
i ¥ sk

iv P
v Ei i 3

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
e equation where the variables are defined as:

8

1.14:10 {s the number of pCi per Ci divided by
the nuzber of hours in a year (f°"").

D -8

- = 1,510 is the relative deposition factor, in

Q 1/m2, at the maximum exposure peint off
site (5. B.)

Q Y the release rate of nuclide i to the

i atmosphere in Ci/yr
r i= 0.2 fraction of deposited activity retained

on crops, leafy vegetables, or pasture
grass (1.0 for iodines)

ODCM Rev. 8
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PART C.3.b: Animal Feed Concentration (stored feed): S

For stored feed that would be given to goats, or meat animals, the

averajge concentration would be calculated by changing the
variables ia the above calculation to.

following

Y 1= 2.0 agricultural productivity for stored feed

t 1= 1440. feed crop exposure time to plume in hrs

< «= 2160, feed crop holdup time after harvest, hrs

putting ti.»se values back into the above eguation gives the
concentrition in stored animal feed (goat and meat animal) of Mn-54
for a unit activity release to the maximum exposure point.

- 4 - 't
Ei € i b
8 |D l1~e 1 +~-e
1.14°10 1={:Q =¥ + B
i Y X iv P
v Ei |

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

= SRS -
i h

The Mn-54 concentration in milk is dependent on the amount and

contamination level of the feed consumed by the animal.

The

radionuclide concuntraticn in milk is estimated from RG 1.109

general eguation C-10 as:

F ‘'C ‘Q e - conc. in milk, pCi/liter

A-14
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where the variables are defined as:

-4
F :=2.510 average fractisn of animal's daily
m intake of Mn-54 which appears in
each liter of milk, in days/liter

Q = 6.0 amount of feed consuned by a goat
F per day, in xg/day (50 kg/d for
neat)

t =2.0 average transport time of activity

f from feed into milk and to receptor,

in days.

-3
A 1= 2,22'10 decay constant of Mn=54 ,in days~-1

In addition, the C.v term for the concentration of a nuclide in
the animal's feed is given from RG 1.109 general equation C-11 as:

c = ¢£ £ ¢ +1-¢t 1c +¢£ ‘[1-¢ ]~c
v P &8 P P s P s ]

where the following equals:

£f :=0.5 fraction of the year that animals
P graze on pasture

f = 1.0 fraction of daily feed that is
s pasture grass when the animal grazes
on pasture

c 1= 179.227 concentration of Mn-54 in pasture
P grass as calculated from above,

pCi/kyg

T 1= 63,037 concentration of Mn-54 in stored
s feed as calculated from above, in

pCi/kg

Therefore, the concentration in the total animal's feed is
estimated to be :
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where the variables are defined as:

-4

F 1= 2.510 average fraction of animal's daily
m intake of Mn-54 which appears in
each liter of milk, in days/liter
Q 1= 6,0 amount of feed consumed by a goat
F per day, in kgs/day (50 kg/d for
meat)
L 1= 2.0 average transport tize of activity
4 from feed inte milk and to receptor,
in days. :
-3
b 1= 2.22:10 decay constant of Mn-54 ,in days~-1

In addition, the C.v term for the concentration of a nuclide in
the animal's teed is given from RG 1.109 general equaticon C-11 as:

c « # fF ¢ #«fL=2 1€ w2 ‘=2 1€
v p & P P s P s €

where the following egquals:

£ 1:=0.5 fraction of the year that animals
P graze on pasture

£f ::=1.0 fraction of daily feed that is
s pasture grass when the animal grazes
on pasture

> = 179.227 concentration of Mn-54 in pasture
P grass as calculated from above,

pCi/kg

e 1= 63.037 concentration of Mn-54 in stored
s feed as calculated from above, in

pCi/kg

Therefore, the concentration in the total animal's feed is
estimated to be :
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£ ‘f ‘C + [1 - f ]-c 4+ f -[1 -f ]-c = 121.132
p & P P s p s s
pCi/kg

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

[ C = 121.132 pCi/kg )
v

and

F ‘¢ ‘Q e = 0,181 pCi/liter of
s v r Mn-54 in goats
milk

PART C.3.d. : Concentration in Meat: =
f

similar to milk, the concentration of the nuclide in ainimal
meat is calculated. RG 1.109 general eguation C-12 is given u.s:

Here the variables are set as:

-4
F = 8.010 fraction of animals daily intake of
f Mn-54 which appears in each kg
of flesh, in days/kg
Q := 850.0 animal's daily feed intake, in
4 kg/day
t = 20.0 average time from slaughter to
s consumption, in days

c sw 121,132 concentration on Mn-54 in animal's
v feed, same as calculated akove for

goat, in pCi/kg

Therefore, the concentration of Mn-54 in animal meat is
calculated to be:

. B
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pCi/kg in meat
for Mn-54

= 4,635

PART D: DOSE FROM INGESTION OF FOO.'S PRODUCED AT MAXIMUM LOCATION

Now that we have calculated the cor centration of Mn-54 in milk,
meat, leafy vegetables, and stored vegetables produced at a
location of marimum air depcsition, the resulting dose to any
organ j and .ge group a can be calculated from the following

general equation C-13 taken from RG 1.109: ¢
> DFI U 5 = + U Cc + U e + U ® C
ija va g Vv ma m Fa f Ia 1 L

‘! i

““or Mn-54 set equal to i, we find that from the evaluation of
all organs for all age groups for combination of all expcsure
pathways, the adults GI-LLI is the critical age group/organ.
Therefore, the variables in the above dose equation can be

e L
S e — e e I e

defined as:

= 1-40'

DFI

U 1= 520.0
va

f 1= 0.76

U ;= 310.0

10 ingestion dose factor for
adults/GI~-LLI for Mn-54, .n
mrem/pCi ingested (RG 1.109,
Table E~11)

vegetable ingestion rates for
adults, kg/yr

fraction of stored vegetables
grown in the garden

fraction of leafy vegetables
grown in the garden

milk ingestion rate for
adults, liter/yr

opcM Rev. B
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= 0,00714

Dose for ingestion U C

of meat

Dose for ingestion DFI U +f C = 0,0688

of leafy vegetables

PART E: TOTAL DOSE FROM ALL EXPOSURE PATHWAY

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
(critical organ is GI-LLI
of an adult for Mn-54)

A-19

0.00184 mrem/yr per Ci

0.658 mrem/yr per Ci

0.449 mrem/yr per Ci

1.11 mrem/yr per Ci

Rev. &

0DCM




