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OFFSIIE DOSE CALCULATION MAMUAL
‘ . FOR GASEOUS AND LIQUID EFFLUENT

1.0 Introduction

.

This Manual describes acceptable methods of calculating radloactlvzuy
doncentratlons in the environment and the potentially resultant doses*'
-offszte** that are associated with lxquld and geseous effluents from the ‘
TPrkey Point (Nuclear Plent. The radioactivity concentrations aznd dose
estimates-are'used to demonstrate compliaznce with Technical
Specifications réqﬁired by 10 CFR 50.36. The methodology stated in this
Manual is acceptable fo? use in demonstrating opérational compliance with
10 CFR 20. 106, CFR 50 Appendix I, and 40 CFR 190. Only the dose

attributable to the Turkey Foxnt Units 3 and & is cons;dered in demonstraglng

[}

»

complzance wzth 40 CFR 190 51nce no other nuclear facility exists within
50 miles of the Plant. . . ’
‘ Mont:hly caldculations are made to gu1de the management of station

‘effluents and.to verif fy that potential raoloactzvxty concentratxons and
‘Goses offsite satisiy the Technlcal Specifications. The receptor is
described such that the exposure‘of any residené near the plant is
unlikely to be underestimated. Even more conservative conditions

(e.g. location end/or exposure patﬁways expected to yield higher compdted
doses) than appropriate fér the maximally exposed person may be assumed

. when calculeting the concentr;tion or dose.

" Monthly calculations made to assure that air dose and dose commitment
speéifications are' not exceeded are based on etmospheric dispersion and
deposition of gaseous effluents derived'from reference meteorological
conditions.**%* Calculations made to assess the radicactive noble geas s

dose to air ere based on the location offsite that could be occupied by :

a person where the maximum eir dose is expected.

* Dose is commonly used to mean personal dose equlvglent commltment.
b Offsite means outside the exclusion area.

#%% Reference meteorological conditions.zre annual averaged conditions
during years 1976 and 1977.

«







Calculations ofldose committed from radiocactive releases over )
extended time_(3 and 12 months) are also made for the purpose of veriiying
compliance with regulatory fimigs on offsite dose. For these. czlculations
the receptor is seleeted on the basis of tbe combination of appiicable’
exposure pathways identified in the land use census and the maximurn '

ground level X/Q at_ a residence, or on the basis of more conservative

' ‘conditions such that the dose to any resident near the Plant isecunlikely °

‘to be underestimated. .

/

.
-

. 2.0 Liquid Effluent

13

2.1. Radioactivity Concentration In Liauid Waste

The concéntration of radionuclides in liquid wasze is determined by’
sampling end enalysis in accordance with Table 3.9-1 of the Technical

Specificatiéns. When a radionuclide concentration is below the lower.

limit of detection (LLDJ for the analysis, it is not reported as being

. present in the sample.

B
¢
L
.

2.2 Radioactivity Concentration in Water at the Restricted Area Boundary

Technical Specifications 3.9.l.a.1 and 3.9.1l.a.2 require measured
radzoactlvzty concentrations in liquid releases to.be used to calculate
the fractzon of the unrestricted area maximum permzsszble concentration
(MPC) (10 CFR 20; Appendix B, Table 2, Column 2). For compliance with
these specifications, the restricéed erea boundary is.assumed to be at
tne end of the condenser cooling water mixing baszn where water enters
the system of coolzng canals. :

Radioactive material in liquid efflueﬂt is dlluCed by condenser
coollng water irom fossil units 1 and 2 and from nuclear tnits 3 and G,
When estimating - ‘the unrestricted area act1v1t§ concentration in water,
the total condenser cooling water flow into the condenser cooling watexr
mlrlng basin from operating condenser cooling water pumps at the.*our"
units is assumed for dilution.

2.2.1 Aqueous Concentration. The'diluted concentration of radio-

nuclide i in the condenses cooling water mixing basin and its outflow is

estimated with the equation

Czi'= Ci .

F (1)
F

1
2 . :







where Ci = concentratLOn of radionuclide i in llquxd radwaste released
7 (uCL/ml) '
Czi = concentration of radionuclide i in the water in the

condenser cooling water mixing basin and its outflow

e (pCi/ml)
FIIFZ = ¢{lutzon
. - Fp = flow in radiocactive liquid discharge line (gal/min)¥.
Fz ' = minimum total condenser cooliné water £low (gal/min)i¥

. ‘ ' . Value not greater than the rated total condenser cooling
" water flow from operating condenser cooling water pumps

at the four units.

2.2.2 Batch Relezse. A sample of each batch of liquid radwaste

is analyzed before release for I- 131 and other prxncxpal gemma emztters,
or for total act1v1ty concentratxon. The fraction of the unrestricted

area MEC present in the batch tenk, :th is derived either from

isotopic analyses‘or from gross 8-Y analysis.

-

Wxth the activity concentration in a ‘batch sample based on
cumulatzve or gross B-Y activity alone, the fraction &£ the unrestricted

area MPC in the betch is estimated by

FMB: = C ' ST (@

, b ._bp
3 x 2078
where Cbp = activity concentration in batch sample méasdred by
8ross B-Y anelysis or cumuletive total of isotopic
) analysis (pCi/ml)
3 x 10-§ = unrestricted area MEC for_unidentified radionuclides

.

in water (pCi/ml) -’
Alternately, when the fraction of the unrestricted area MPC is
derived from isoiopic anaelyses identifying ioding and principal gaﬁmg?'

]

"emitters, BB, is calculated with the equation

DYy +E, @
MEC 1dent1f~ed .

i

*Fl end F2 mey have any suitable but identical units of flow

(volume/time).

.
el JEEY PP S,

S —
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.

where Cb = concentration of radionuclide: i (inc¢luding I-131 and principal
. ) gamma em@;ters) in a batch sample measured prior to releaée
(ubj{mf) '
M.?Ci = activity concentration limit in water of radionuelide i
according to 10 CFR 20, Appendig B, Teble 2, colurmn 2
(pCi/m1) . L o v
"Quarperly average of the fraction of MPC in.the batch |
.. tank due to I-131 Znd principal gaima emitters
Eb = Qdérteily average of the fraction of MPC in the batch :
tank due to all radionuclides measured i

Eb is an adjustment to account for radionuclides not neasured prior’. to:
release but measured in the moncbly %nd quarterly sampie’per Technical
Specification Table 3.9-1. ‘The value of Eb has been determined b;sed
on past operating data end is L )

Y 0.8
Ey

The fraction of the unrestricted area MPC present in the condenser
cooling water mixing basin outflow due to a batch release, FMPCb.may

be calculated with the equation

FMPCb =_FMBb . fli (4)
FZ
where FMBb = fraction of thg unrestricted are? MPC present in the batch
tank from equation (2) if cumulative or gross activity if
L used or from equation (3) if isotopic enalysis is used.
Fls = flow in the batch release lin?‘(gallmin).*' Value not less

than the rated or measured pumping rate throudgh the batch

discherge line.

*Fl and F2 may have any suitable but identical units of flow

{volume/time).

+
]

«
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2.2.3 Continuous Release. Continuous aqueous discharges are

sampled and analyzed according to the schedule in Technical

'Specif{catiOns Table 3.9-1. The fraction of the unrestricted ares

MPC present in a continuously discharged radiocactive stream, ch’
is derived either from isotopic analyses or from gross B-Y analysis.
With the activity concentration in a continuous radicactive release
stream based on the cumulati;e‘or gross B-Y activity alone, thé :
fraction of the unrestricted area MPC in the waste stream is estimated
with ) 7
, I-‘Cc = c _ (5)
3 %1078
where Cc = activity concentration in continuoﬁs release measured by
gross B-Y anelysis or cumulative total of isotopic analysi§
(ECi/ml) - "
Alternately, when the fraction of the unrestricted area MPC is

derived from isotopic analyses, FCé, is estimated with the equation

. v

EC = c
e - Z “ewi
MEC,

* i.

g (6)
o4

>1dent1;1ed

. where chi = concentration of radionuclide i (including I-131 and

princigal'gamma emitters) measured in weekly sample’
of .continuous discharge stream -

Quarterly average fraction of MPC due to L-131 and

. pr1nc1pal gamma emitters measured in weekly samples of

- continuous releases during uhe quarter
c Quarterly average fraction of MPC due to all radio-

t1
i

nuclides measured in samples of continuous releases

Ec is an adjustmeﬁt to account for radionuclides measérgd in
monthly and quarterly composite samples but not in weekly samples of
continuous releases. The value of Ec has been determined based on
past operating data and is |

. E = 0.9
c
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The fraction of the unrestricted areasM2C present in the condenser -
cooling water basin -outflow du€ to continuous aqueous discharges,

EMéCc, may be estimated with the equation

MPC_ =FC . F (7
c c

[

c

(]

A &

2 : . L '

fraction of unrestricted aree MEC present in each

where FCc
continuously discharged radioactive streem from equation (35)
if cumulative or gross activity use or from equation (6)

if isotopic analysis used. ‘

flow of continuously released aqueous radioactive

lec . .
discharge (gal/min) | )

2:3_ Method of Establishineg Alarm a2nd Trip setpoints

"

The alarm/trip setpoint for each liquid effluent radiation mébnitor is
derived from the concentration limit provided in 10-'CFR Part 20, Appendix B,
Tablg 2, Column 2 applied in the condenser coof*dg water mixing éasin
outflow. That is, 'the alarm SeLPOlny is oased on a concantrat~on lznzt in
the mixing basin outflow. Radiation monitoring and isolation po*nts are
located ip the steam generator blowdown line, R 19, and the liquid waste
disposal system line,'R 18,: through which radioactive waste effluent is
eventually discherged into the canal basin. .
The alar? setpoint for each liquid effluent monitor is baséd upon the

measurements performed according to Technical SpeciFication Table 3.9-1,

.0f radioactivity in a batch of llquld to be released or 1n the contznuous

------ -y

aqueous discharge. Alternahely, the 2larm setp01nt ma2y be based upon

cumulative or gross B-Y activity of the liquid waste.
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2.3.1 Setpoint -for a Batch Release. The liquid.radwaste effluent

line radiation monitor ‘alarm setpoint is determined with .the equation

¢ »

. S=_A'.F, .3 . S (8
. - FMBb Fls | ‘ . '
or a method which gives a lower setpoint value.:
where § = radiation monitor alarm setpoint (cbm) . . --T
A = counting rate (cpm/ml) or activity conpentrafign (Ci/ml)

in’ laboratory of sample from batch tank )
’ g ' = ratio of effluent radiation monitor counting rate to 1aborhtor§
co;nting rate or zctivity concentretion in a given batch «
liquid (cpm per cpm/ml or cpm per RCi/ml) o ';

flow ,in the batch release line (gal/min).* Value not less

)
]

than the rated or measured pumping rate through the batch

dlscharge line. . .
F = minimum total condenser cooling water f£low (gal/mln) * Value
not greater than the rated total condenser cooling weter

-

pumping rate from pumps operaelng at the 4 units.

FMBb "= is determined as described in § 2. 2 2.

2.3.2 Setooxnt for 2 Coneznuous Release. ‘The alarm Eetpoint of the

radiation monitor on a cont1nuous radxoac;;ve discharge line is determined

w1th,the equation

S=_A .E -8 . © ()
FC_ F
c lec

or by 2 method which gives a lower setpoint value.

- where A = ‘activity concentretign (pCi/ml) or counting rate (cpm/ﬁl)
= in laboratory of weekly sample. i . )

Fi. = flow in the radicactive liquid continuous discharge line
(ml/sec).* Value not less than the rated or measured pumping
rate through the discharge line '

' F, = total condenser cooling water flow (ml/sec).* Value ‘not greater

. than the reted total condenser cooling water pumping tate £rom
operating pumps at the 4 units. ’

FCc = is determined as described in § 2.2.3.

*Fl and Fz mey have eny convenient units of flow (i.e., volume/time)

provided the units are identical.

.
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2.4 Accumulated Personal Dose \ )
Technical Specification 3.9.1.b72/requires the dose or dose commitment
to a persén offsite due to r;dioactive meterial released in liquid .
effluent to be calculatéd on a cumulative basis at least once every 31
days. The requirements is satisfied by evaluating the accumulated
dose commitment to a hypothetical adult exposed by eating fish and
shellfish taken from the cooling canals. ’ o :
The model that is used to evaluate doses due to radioactivity in

liquid effluénts is

fish shell;zsh . )
.an. ZA "Flktk Z ' k l.ktk (10).

V . k V. k

where D, = the dose commitment (mrem) to orgen n due to the radio- -

nuclides identified in sample analysis k where the znalyses’

are t@ose‘;equireé by technical specifications Table 3.9-1.
(The contribution to the dose from gawna emitters becéme
availeble on a batch basis for batch releases and on a’

- weekly baszs for contlnucus releases. Similarly the
contributions from H- 3are avallgb‘e on a monthly basis
and the contributions from Sr- 89 and Sr-90 become

available on a quarterly basis.)

- Ainw = transfe% factor relating a unit aqueous concentration dé
radionuclide ‘i (¥Ci) to dose commitment rate to organ n or
. total body of an exposed person tabulated in the ODCM
a ) Appendix A (mrem/hr per ﬁbi/ml)r
Cik = the concentration of radzonucllde i in the undiluted liquid
waste to be d1scharged (pCl/ml)
tk = perlod of time (hours) durlng which liquid waste represiéted
by analysis k is discharged . ] o
Flp ©= liguid waste discharge flow during release Trepresented by o
sample k (gal/min) _ . T :
Az = effecgive decay constent (minute-f) for nueclide i,(A, + F37V)
where l. is ‘the radioactive decay constant
F3 = canal- ground water interchange flow, gpproxlmate1y 2. 25 x 10
rgal/min
A% = coolzng cana) effective volume, approx;mately 3.75 x 109 gallons

L
-

.
-
*







Summation over releases represented by the various samples analyzed gives

the total dose to each organ .
=5~ c . (11 .
Z Pk .

Where Dn .= the dose commitment to organ n, incleuding total body, of .

". the meximally exposed person during the quarter® to date

For the ;;erte}ly EQEE as;essmeeee to be ;ecluded 1n the Annuel
Radiological Environmental Monitoring Report required by Specification
6.9.4.b, doses will be calculated with equations (10) and (11) for all
age groups and organs on the basis of radionuclides measured in liquid
radioactive effluent’ accordlng to the sampling and anal}ses required
in Technical Specification Table 3.9-1.

Based on an evaluetion of the radionuclide distribution typical in
liquid radioactive effluents, the calculated doses to individuals have
been determined to be dominated by the radxonuclzdes, Co-58, Co-60, Nb- 95.
Ag-110m, Cs-134, and Cs-137. These 6 nuclides typlcally contribute 907
or more of.the adult's total body dose and the adult's GIL-LLI dose, which
is the critical oréen end critical age group.’ Therefore, the dose
commitment due to radioactivity in liquid effluents may be eeesonably
evaluated by limiting the dose calculatlonal process to these radzonuclldes
for the total body end the GI-LLI. 'Equat*on (10) can be Slmpll;led in.
the following ways.

1) The transfer factor (Agithway) and the effective deca& constant

: = : chway
(k:) can be combined into 2 single.zfactor Aia way

e
A
l B

2) The cOﬁcentratzon (C ), liquid discharge flow (rlk) and
‘time of the release (tk) can be combined to provide the tOu&l

release for a specified period of time (eg,.Ci/calendar querter).
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-

These combinations provide the following simplified equaeion

’ - ‘ ; £3 . .
D = 1 Q. . A?xsh + Aehellexsh 12y
n TRV § i, in in

0.8 .. _ =
i Aq
PR

where Qi = the total release of radionuclide i for the specified period
of time, e, .monthly"
.

0.8 =.a conservatism factor to allow for variazbility in radionuclide

dxstrzbut*on (only include if using simplified epproach).

Refer to Appendix C for a detailed evaluetion end explanation of
this simplified approach. ‘

Mgﬁ?hly dose calculations required by Specxflcatlons 3.9.2.b.1 and
3.9.2.5¢2 mey be done with either equations 10 and 11 or equetion’ 12,

When equation 12 is used, the doses should be calculated for the
adult totel body and. adult GI-LLI from the cumulative release for -the .
radionuclides Co-58, Co-60, Nb-95, Ag-110m, Cs-134:vand Cs-137. B

2.5 Projected Personal Dose

Technical Spec1f1catlon 3.9.1.4.1 requires the doses to a person
offsite due to radioactive material releaseu in liquid ef fluent to be
projected over a quarter at least one time durxng each month.

This requirement is satisfied by calculating the total body and organ
dose commltments,to a2 hypotheticel adult exposed by eating f£ish and .
shellfish taken £rom tye cooling canals. Section 2.4 includes the method
for doing this calculation... Appendix F presents the technical bases for
uszng this projection to determine liquid radwaste equipment operatxon.
The dose from liquid effluents is projected by extrapolating the dose
commitment to date during the current quarter to include the entire quarter.

On the ‘basis of total activity released, dose commitment is projected
with the relation ‘

P=.2l.D ' _ (1"5,_)'

the projected total body or critical organ dose commitment .to

where P
the maximally exposed person (mrem)
91 = number of days in a calendar quarter _ )
X = number of days in current quarter represented by avallable

radiocactive discharge data
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. ) 3.0 Gaseous Effluent

<

3.1 Introductlon

Units 3 ard 4 discharge gaseous effluent through the plaﬁt vent,
Unit 3 Spent Fuel Pit vent, air eJector vents, and steam genexator.
blowdown vents. These gaseous effluent streams, radloactlvzty monitoring
points,\and effluent discharge points are illustrated schematically in

figure 3-1. . . : . .

3.2 Radiocadtivity in Gaseous Effluent . ' .

*

For the purpose of estimating offsite radionuclide concentrat;ons
and radiation doses, measured radionuclide concentrations in .gaseous
fluent and in ventilation air exheusted from the Blant are *elled upon.
Table 3.9-3 in the Technical Specifications 1dent1f~es specxflc radio-
nucl ides in gaseous dzscharges for which sampling and analysis is done.

When a radionuclide concentration is below the LLD for the analysxs,

‘it is not reported as being present in the sample.’

«

Noble Gases. Thne dzstrlbutlon of radioactive noble gases in a

gaseous effluent stream is ‘determined by gemma spectrum analysis of
identifiable radiondclides in effluent gas sample(s). Results of one

or more previous analyses may be averaged to obtain a2 representative
Spectrum. In the event the dzstrlbutxon is unobteinable from measured
data; the dlstrmbutxon of radioactive noble gases aopearxng in. Teble 3=-2
herein may be assumed ) ‘

-

Some gaseous eftluents from both Units 3 and 4." wvhose sources are
1dent1¢1ed 1n Table 3 1, dlscharge 1n common thrOugh the Plant Veﬁt.

When needed to assure that the effluents are wzthln 21lowable 11m1tswon

a per reactor bases; the measured release from the Plant Vent is *
apportioned to each unit on a ratio equal to the ratio of primary coolant
radioactivity concentration in the two reactors duting the quarter..

When calculating atmospheric dispersion of gaseous effluent,
gaseous discharges from Units. 3 end 4 are treated as a mixed mode

release from 2 single composite vent.

v
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3.3 Effluent Noble Gas Monitor Alarm Setpoint

Instrumentation is préYided to monitor gamma radiation from radio- .
active méterials released from the PlanF in gaseous effluents, Zach
monitor includes an alarm that 1is set to report at or below the level
at which radioactive noble gas in gaseous effluent from 2 monitored
stack or vent exceeds a rate calculated to cause a nobdle gas concentrat:on
offsite equal to that specified in 10 CFR 20, Appendix B, Table 2, Column 1
for the mixture. Setting effluent noble gas monitors to trigger an
alarm at or below the concentration limit assures that action can be
taken to ensure that the unrestricted area concentration specified by
10 CFR Part 20.106 and the corresponding @ose rate limits in Specification
3.9.2.2 ere not exceeded. ‘ '

The gross activiéy concentration of noble gas corresponding to
the 10 CFR Part 20, Appendix B, Table 2, Column 1 limit is” calculated RS

from the distribution determined in § 3.2 with the equation

MEC = C _Z : . (14
Mpc . . . . .

.
»

where MEC = gross actzv;ty concentration of noble gas mixture corresponding

to 10 CFR Part 20 Appendix B, Table 2 column 1 limit (pCi/cm3)

1

Ci = activity concentratzon oi noble ges radionuc¢lide in gaseous
release (uCz/cm )
c- = Z:C = act1v1ty concentration of noble gas mixtuxe released
(prlcm ) © . ,
MPC'= 10 CFR Part 20 Appaendix B, Table 2, Column 1l value. .

#

Note that phié is simply the aggregate of the concentrations of radio
nuclides in a sample divided by the -fraction or multiple of MPC
constituted by radionuclides in the same sample. For purposes of
simplifying evaluations of MPC, the total activity concentratlon of the'
.noble gases may be assumed to be Kr-88, which has the most res»r;ctlve

MPC value (2 x 10 -8 RCi/ml) of the noble gases. ; <

”

The alarm setpoint for the effluent nobIe gas monitor is then calculated

with the equation

»

S = MPC . h (15)

4.7x10"‘. F.

'X- B . .
Q - '
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%

or by a method that gives a lower setpoint

. |

| .

a

"exceed the linit.

where § = alarm counting rat€ setpoint (cpm) or (mR/hr)
h = effluent noble gas monitor counting rate responge
com '\ or calibration /_mR/hr ‘for_noble gas
'<pCi/cm%) ' pCi/cm%)
- . .. gamma radiation '
F .. = discharge rate of gaseous effluent (ftslmin) t
X/Q = atmospheric dispersion for mixed mode reiea%e f;om,
T release point to unrestricted area (pCi/FF
. ) per nCi/sec). )
" 4.7 x 107% = zonversion constant 1 .1 min)
' <3s 31 £ 60 sec ,
MEC *© = maximum permxss;ble ‘concentration accord ing to 10 CFR

Part 20, Appendlx B, Table 2, Column 1 (LCL/cm )

The value of X/Q adopted in a setpoint calculation will be based . q:
either on prevailing meteorological conditions or on reference meteo?- :
ological conditioﬁs. Minimum atmospheric dispersion offsite derived
from re&erence meteorological condztlons* at the site boundary 1950 meters

SSE of the Plant are: . . g o .

>

2= 5.8 x 10-7 sec7m3 . : ) o

*

3.4 Noble Gas Gamma Radiation Dose Accumulated in Air

Technical Specification 3:9.2.b requires that the offsite air dose

from noble gas gamma radlatlon not ezceed S nrad per -eactog curzng any

.calendar quarter. Spec1&1catzon 3. 9 2 b,Z requires an evaluation be

‘performed monthly to verify that the accumulated air dose does not

<

o am

The quantxty of radzoactxve noble gas. discharged during an 1nterva1

of time is determined by integrating the release rate measurement of 'each

" effluent noble gas monitor identified in Figure 3-1. The total

measured radioactivity discharged via a stack or vent durlng a countzng

1nterva1 is determined by the relation

Q. = _ N, . F - . (162

©3.53x 107 h

*Reference meteorological data are tabulated in Tables 3.5, 3.6
and 3.7. Their derivation is described in Revised Radiologica)l Effluent
Technicel Specifications: Gaseous Efflvent Dxlutxon factors, Flo~1da

o haa BN | YN, s Y e N e f Ny




-

total measured gaseous radioactivity release via a stack or

where Q =
. vent during counting interval j (uCi)
e 3.53x107° = conversion co'ns'ta.np (ftslcx.:.x.B)
Nj = counts accumulated during counti.ng interval 3
| _F o= discharge rate of gaseous effluent stream (fc3/mi'n)
e b = effluent noble gas monitor calibration or counting rate

«

.response for rioble gas gadma radiation ( com
X pCi/c;:13> N
The distribution of radicactive noble gases in gaseous 'releases is
determined by gamma spectrum analysis of gaseous effluent samples in
accord with Tech'nica_l Specification Table 3.9-3. 'In the event the
radioactive noble gas distribution is nOt_obtaicable Ironm sam;{le(s)
taken during the current period the distribution will be obtained from
the most recently availablerdata or from Table 3-2. : -
1f £, represents the fraction of radionuclide i-in 2 given effluent
stream, then the gquantity of radionuclide i released in a given gzseous

‘ effluent stream during counting interval j-is estimated by the relation

-
= .

s = + £ ’ 9 €17)

The gamma rad*atwon dose to air offs:.te as a eonsequence of noble .

gas discharged from each um.t can be calculated with the equat:.on

DY = Bl_é_ . _}é_ . AYeff . Z Qj | . (18)
. -3 . .
%' where DT = noble gas gamma dose to air due to effluent from mixed-mode
o o release (mrad)
A’Y = radionuclide distribution weighted (effeccivc) fector
eff converting time-~integrated, ground-level, total activity
concentration of radioactive noble gas to azir“dose due to
gemma radiation ( mrad > . :
(uCi . sec)/m3 .
. X/Q = atmospheric dis;;ersion factor for a mixed-mode’ discharge
(sec/m™)
. 0.8 = a conservetism factor which, in effect, increases the

estimated dose tocompensate for variability in ‘radionuclide

distribution.

- emmyer
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.

An effective gamma air dose factor, AY y has been derived from noble
. eff
gas radionuclide distributions in routine operational releases. Refer

to Appendix D for a detailed explanatzon. The effective gamma alr dose

fector derived is

AY' =1.4% 10-5‘ nrad
eff . 3

(pCi . sec)/m -

Alternately, the gamme air dose may be calculated with the equatzon

‘ E: E: Q AYi ' L' . : | (19) =~

«
-

where D* . = nbble gas gamma dose 'to air due to effluent from mixed
mode release (mrad) :
A%i = factor converting time integrated, ground-level concentration

of noble gas i to. air dose from gamma radiation, listed in °

, Teble 3-3 ( mrad )
' (pci sec)/m3 "

(X/Q)

atmospherlc dispersion factor for a mixed mode dlscherge

(sec/m ) \ o .
Speczfzcaezon 3.9.2. b,Z’is satisfied by calculating the noblie ges

gamma radiation dose to air at the offsite location identified ipn-"

Figure 3-2. . At that location, 1950 meters SSE of the P’ant, the reference

atmospheric dispersion fector to be used is

% = 5.8 x 107/ sec/m> o N ~

3.57 Noble Gas Beta Radiation Dose Accumulated in Air

I

Technical Specification 3.9.2.b éequires that the offsite air dose
from noble gas beta.radiation not exceed 10 mrad during any calendar P
querter. The quantity and radionuclide distribution of radioactive noblé
geses discharged as airborne effluents are determxned as: described in

$3.4 herein.
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: \
Technical Specification 3.9.2.bvz requires & monthly determination.
of whether cummulative noble-gas releases cause a beta radiation dose

to'air offsite in excess of the limit stated in Specification 3.9.2.%.

This determination can be made by using the equation

Dg = 6%3 . é . Aﬁ;ff . -z: Qj : (20)
. J e .
where DB = noble gas beta dose to air due to a mixed-mode rel;ase (mrad)
A5 = .radionuclide distribution weighted (effective) factor
Sff convérting time-integratéd, ground-level, total activity
concentration of radiocactive noble gas to air doseg due to
beta radiation mrad \
) . (;pCi . sec)/m3/
X/Q = atmospheric diSpersioh factor for 2 mixed mode discha;ge
(sec/ﬁs) . T

_An effective beta air dose factor, Aﬁ "y hazs been derived from noble
- eff "
gas radionuclide distributions in routine operational releases. Refer to

Appendix D for a detailed explanation. The effective beta air dose factor

<

derived is .
s .

. Ay, =3.4%10 nrad ' R
“ “eff 3
(pCi . sec)/m

l L]
Alternately, Specification 339.2.b.2’may be satisfied by calculating

* the beta radiation dose to air offsite with the -equation
.. . Dyg=X Z Z Q. . £, . A ) . €21)
B ) *j i ﬁi )
SR B :

whére Aﬁi = factor converting time-integrated, ground-level concentration
g of noble' gas radiocnuclide i to air dose from beta radiation,
listed in Table 3-3. /. mrad
<(pC§ sec)/mz/

X

v
-

¥ B 2, . " .




Specification 3.9.2.bvé’is satisfied by calculeting .the noble gas
beta radiation dose to air et the location identified in Figure 3-2. .
At that 1ocation,.1950 meter's SSE of the Plant, the reference atmospheric

- 1)

dispersion factor to be used is

X _s.8 x 1077 sec/m>

O

TRITIVM, .
3.6 Dose Due to Iodlne and Partzculates in Gaseous Effluents

Technical Spec:.f:.ca;.:.on 3.9. 2)5’ requires that sedicivdimes ;I -131, f"(‘Y‘\"(‘lum,

—%—%337*—nﬂ‘f—73§% and radloactzve material in particulate form heving
& helf-life ‘greater than 8.0 days, in gaseous effluents released to the
area offsite cause a dose to any organ or the total body of a member of
‘the public no mofe than 3 5 mrem‘during a calendar quarfer. )
Radionuclides other than noble gases in gaseous effluents that are,
measured by the radiocactive gaseous waste sampling and-analysis program
described in Technical Specification Table 3.9-3 are used as the release
term in dose calculations. Airborne releases are discherged either via
- a stack -above the top of the containment building, or via building vents
and are treated as a mixed mode release from a single location. For each.

»

o; these release combznatzons, samples are analyzed weekly, month}y,

. -

ouarterly, or for each batch release according to Table 3.9-3.

»

Each sample provides .a measure of the concentration of specific
radionuclides, Ci’ in ‘gaseous effluent dzscharged at flow, F » during e

time increment At. Thus, each release is quantlfled accorclng to the

.

Q. =c-ik..z F At , (22)

relation

ik

where Qik = the quantity of radionuclide i released in a given.effluént
stream based on analysis k (pCi) B
C'k = concentration of radlonucllde i in gaseous effluent identified’

by znalysis k (pr/m ) ‘ . ) .

)
]

effluent seream dmscharge rate during time incrementlkcj(m3/sec)

>
et
0

t4e

j time increment j during which radionuclide

»

at concentration

Cikfis being discharged (sec)
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A person may be exposed directly to en airborne concentration of - .

‘ radioactive material discharged in effluent and indirectly via pe.ihways
involving deposition of radioactive material onto the ground. Dose

estimates account for the exposure via applicable ones of the .following.

[l -

pathways:

. 1) direct radiation from noble gases
v 2) inhalation ’ .
.3) direct radiation from ground plane deposition
. 4) fruits and vegetables
. 5) 'air-grass;cow-meat .

6) airigrass-cow-milk

£ 211 these pathways, the air-grass-cow-milk pathway is by far the

controlling dose contriéutor. Oof the dose by this pathway, the radioiodines
contrlbuee essentially all of the dose, with 1-131 typically c0ntr1but1ng
‘ greater than 95%. The dose transfer factors.for the radioiodines are
much greater than any of the other radionuclide§. .The critical organ is
. the infant's thyroid. For this reason, the potential critical orgen
‘dose via airborne effluents can be estimated by simply determining an
effective dose transfer factor for the radioiodines besed on the typical

radiocactive effluent dlstr1butlon, the grass-cow-milk-man pathway, and :

P

the infant thyroid as the receptor. Then for consarvatism the COtal
cumulative release of all radioiodiﬁes and particulates can be apolzed
_to the effective factor and e conservat;ve estimate of the lnFant

if 'thy;eld dose determined. C.\ )

. " . THhe requirement, in Specification 3.9.2.5c27 to determine monthly
whether cumulative releases have caused a2 total body or organ dose
commitment in excess of limits in Specification 3.9.2.;/mayv$e met by
using the .following. equation:

. "8 . ."‘:‘:“-
DM, = 3.17 x 10°° . D . TG, . Z Q, .23
kT AALEAS - 2 s %k .
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where DM, = the dose commitment (mrem) to an infant's thyroid
received from exposure via the air-grass-cow-milk
pathway attributable to iodines identified in

analysis k 6f effluent. eir

D/Q = relative deposition rate onto ground from a mixed

mode atmospheric release (m-z)
TG13l = factor convert%ng groundudeposition of radfoiodines
to the dose commitment to-an infent's thyroid exposed
. via the grass-cow-milk pathway . mrem/yr
-7 pCi/(m2 . sec)
‘.’3.17x}.0-8 = conversion constant (yr/sec)
0.8 = 2 conservative factor which, in effect; increeses thg

estimeted dose to compensate for variability in the
redionuclide distribution. _ i
When equation 24 is'used to estimeate the critical organ (infant's
thyroid) dose commitment, the effective dose transfer factor used in the

equation is .

-

- 11 R
TG131 = 6.5 x 10 mrem/Vz

pCi/(m2 . sec)
The reference daéa from whikh TGlSl wes derived zre summarized in.Tabre D-2
of Appendix D. - .
Altfrnately, the monthly determ*natlon, required by Speczzlcatlon
3.9.2. b—‘% may be made by ualng equations 23, 2&, 25 and 26,.

Qua terly calculatlons of dose commitments due to radloxodzne and

radioactive particulates in effluent air for inclusion in the Annual

" Radiological Environmental Monitoring Report are performed using -

equations 23 through 26, following.
The dose commitment via exposure to airborne concentrations resulting
from a release, Qik’ of airborne radioactive material other than noble

gas, is calculated with the equation .

] 3 - . ‘
D T (26)
ook = 3.17 x 1078 Z Qe Z TA, oo ),
. P '
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4 .
The dose commitment via exposure pathways involving radionuclide

deposition from the atmosphere onto vegetation or the ground is calculated

w _ : _8 . ) = =
D_, = 3.17 x 10 _g X Z Q- Z TG, 00 ' K25) -,
| - (.

where-Dankm = the dose commitment (mrem) to organ n of 2 pexrson in age

with the equation

»

’group 2 due to radionuclide i identified in analysis k-
of eh air effluent where the analysis is required by
Technical Specification Table 3.9-3. : .

anip . a factor converting airborne concentration of radionuclide
i to dose commitment €o.orgaq n of a2 person in age groﬁplg
wﬁere exposure is directly to zirberne material via pathway
p (inhalation, or external exposure to ghe plume) mrem/zﬁ)
' (ppi/m3 '
Ganip = factor converting ground deposition, of ;édionuclide { to
dose commitment to organ n of :a person in age group a where

exposure is directly or indirectly to radioactive material

» .
L

that has been deposited on thehgfound { mremkyr
* ‘ qu/(m . sec)

X./Q = atmospheric dispersion factor for 2 mixed ode rélezse,

L

adjusted for depletion by deposition (sec/m )
D/Q = relatzve deposition rata onto ground from 2 mixed mode

atmospherlc release (m ) ‘ .

3.17 x 10”8 = conversion constant (yr/sec)

»
” » .
4 . .- . . ~

The concentration of tritium in vegetation is a function of the x

airborne concentration rather than the deposition. Thus the dose

copmitment from alrborne H3 via vegetation (fruit and vegetables), air-grass-

cow-milk,. or'air- grass cow-meat pathways is calculated with the equaglon ’
. = . . DN ) . 26.
- Dank 3.17 x 10 . X . Z Qik Z TAanip (262

. QT . : :

" where + X/Q = atmospheric dispersion factor for a mixed mode

release (sec/m3)
3.17 x 10-§ = conversion constant (yr/sec)

a
[
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The dose commitment via a given pathway as a résult of measuredi
discharges from a release péint is accumulated with
7 Dan - Z Dank . ’ . | ’ 27
— k. . .
The counﬁing'index k mey represent either
p, analysis of a grab sample
w, e weekly sample analysis . oo - -
m, a monthly composite analysis; or .
é, a quarterly composite analysis
The maximum value of each counting index is the number of anelyses in a
sample caEegorj.' The total dose commitment during a period of time is
obtained by sunmming the contributions via separate release pdints and

via sep¢rate envxronmenual pathways.

. «n -
» = - wma -

When the dose to a2 person due to iodine and partlculates dlscnarged

e.]

es airborne effluents is calculated as required by Specification 3.5.2.5-27

the air-grass-cow-milk is evaluated by assiming a cow on pasture 4.5 miles

. west of ,the plant. (There is no milch or meat anlmal within 5 m:les )

At that location, reference atmospheric dxspersxon and deposition factors

#

are:
(ig) =1 x .10"7 sec . <D> 5 x 10 -10 m-z.

The inhalation, fruit and vegetzble, and irradiation by airborne radionuclides
and by depdsition on the ground pathways eare evaluated at the nearest garden

(with residence assumed) 3.6 miles west northwest of the plant. At that

location, reference atmospheric dispersion and deposition factors are:
" A YL me B — - . «

DA A

. ,
.
i ' .. R

x\ o lx 107" sec
Q ' 3
XY - 9% 1.0"8 sec
Q 3

) 5% 10710 2

!

B

3
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3.7 Dose to a Person from Noble Gases
. Technical Specification’ 3.9.2.? Tequires the calculation of the dose

or ‘dose commitment to a person offsite exposed to 12 consecutive months

of radiocactive liquid and gaseous effluents from éhe plent. One component

of personal dose is .total body irradiation by gamma razys f£rom noble gases.

"+ Another is irradiation of skin by beta and gamma radiation fro& noble
gases. The methods of calculating these doses are presenéed En's;ctioné
©3.7.1 and 3.7.2. ' '

.The amount of radloactlve noble gas d;scharges is determined in the

' manner descrlbed in section 3.4,

3.7.1 Ganma Dose to Total Body Thc g&nma radizticon dose to the whole

body of a member of the.public as a consequence of noblez zas released

-

from the Station is calculated with the equation: . ) r
(o -2 ) - . (26)
i - Q ’

. vhere D, = noble gas gemma dose to total body (mrem)

By s

.

. fector converting time mtegrated, ground level co*acem.rat::.on

of noble gas nuclide i to 2ir dose from gamna radiation
listed in Table 3-4 < mrem )
(

» . .

pCi sec)/m3

When the total body dose due to gamma radiation from noble e;s
requlred by Technical Spec*fzcatlon 3.9.2. ﬁ‘z or 6.9.4.6 is calculated,
the most exposed receptor is located 3.6 miles west northwest of the
plant where the reference mgteorologxcal dispersion factor, X/Q, is

1 x 10-7 sec/m3.

s







3.7.2 Dose to Skin-‘Theibeta radiation dose to the skin of a2 member of

the public due to beta radiation from noble gas released from the Plant

may be calculated with the equation

= - (q. : (29)
Dg ZSB:'L(Q:L'%) o ot

i
where Dg = noble gas beta dose to skin (mrem)
» . £ r ’ 5
Sgi = factor converting time integrated ground level concentratzon
' of noble gas:eo skin dose from beta radiation lzsted in
Table 3-4 °/__mrem)
RCi sec
3
™

>

When the skin beEa dose due to noble gas required by Specification

a

, 6.9.4.b is calculated, the most exposed receptor 'is located 3.6 miles west’
northwest of the Plant where the reference meteorological dispersion

~ factor, X/Q, is 1.x 1077 sec/m3.w. . ' . E

The total_aoge“to"the skin from noble gases is approximately equal ’
_to the beta radiation dose to the skin plus’ the gamma radiation dose to
the total body. . - |

L

3.8 Projected Doses due to Gaseous Effluene'

Technical Specification 3.9.2 }(l.requzres doses due to radioactive
material released in gaseous eff 1uene to be E*OJected ‘over a qLa ter at
. least once a month in order to guxde plant personnel in oper ting the
radwasee systems. This requlrement is satisfied by calculating doses

accord;ng to equations for

1. dose to air offsite due to noble gas gamma radlatzon as
. ) _dn ¥ 3.4,

» .

: ‘ 2. dose to air offszte due to noble gas beta radiation as 1n
§35,and ’ . ._'
3. maximally exposed organ doses due to gaseous effluents¥

other than noble gases as in § 3.6.

i

"\'rrl'.um )
*Radioactive <edime £1-131, T155vend-12357 andradioactive meterial

in particulate form having e half-life greater than 8.0 days’ °

. [







The radioactive releases are measured according to Technical
Specification Table 3.9-3 and/or derived as outlined in ODCM sections 3.4
and 3.6. ' C

The dose from gaseous effluents is projected b} extrapolating the -
dose commitment to date during the current quarter to incliude the entire
guarter. I1fan analysis for e ngen radionuclide scheduled in Tetle 3.9-3
has not been made during the current quarter, - the concentration‘&eashred'
in the most recentiy analyéed sample is assumed to be representative of

releases during the current quarter.

With these possmble modlrlcatzons in source term data, the beta dose

<
[

to air is pro;ecced wlth ot ) .

= ' ) 0
Pﬁ %}Vi‘?ﬁ | ' ) . (3 l‘
where 91 = number of days in the quarter . ’ .
X = the number of days to date in the current quarter .
DB = beta eese.te a?r (mrad) per § 3.5 :
The gamma dose to air is pr03ected with . o
: PT‘= %& “TDY . . . (%l?-

‘where DY - gamma dose‘to air (mrad) per $ 3. 4.

The projected thyroid dose due to iodine and partxcaletes 1n gaseous

effluents is calculated with the relation
ﬁ9—z, ‘
X . -
k

where DMk = the dose commitment to the infant's thyroid due to releases

represented by analysis k (mrem)
Alternately, the projected personal dose to age group 2 end organ mn,

P , due to iodine and ﬁarticulates in gaseous effluents may be calculated
an

e .

with the relation . . “

A

v
.

P&n . ‘9}‘{1‘ Z Dank . i - (32),
. N k . - - -

where Dank = the dose commitment to organ n of age oroup 2 of the

maxlmally exposed person due to releases represented by -

¥
-

analysis k (mrem) per § 3.6.

-~







x
«
«

=

.. exposure tor gaseous effluent zdentlrzeo in the annual land use census and

PaAsE 2o s, ¢

[y
"

4.0 * Dose Commitment from Releases over Extended Time

4.1 Releases during a Quarter
Technicél”Sgecificétion.G.Q.ﬁ.a.l requires an assessment of radiation'
doses arising from liquid and gaseous effluents from the plant during
each calendar quarter. The assessment includes the following calculations
of dose as described by equatxons for - - o . ‘
‘ ) 1. total body and maximally exposed organ doses'due to llquzd
fluent via eating fzsh and shellf;sh eaken from the t

- coollng canals 2s in 5 2.4 i A

»

2. total body dose due to noble gas ‘Y as'in§ 3.7.1°
3.‘ skin dose due to noble gas B as in§ 3.7. 2 -: o
h.; total body and maxzmally exposed organ doses due to gaseous
K effluents* other than noble gases as :.n§ 3.6 .
5._.doses to alr offsite due. to noble gas Y =2s 1n §3 4 and due'.
.to nobdble gasﬁas in § 3. 5. . B SRR
The dose calculations are.based on liquid and gaseous effluents from
the Plant dur*ng each calendar quarter. determlned in accord thh Technlcal

3

ﬂSpec1r1catmon ‘Tables 3.9-1 and 3.9-3. T . ]

" Aqueous concentration is est-mated ‘according to§ 2.2 on the basis of |

- quarterly averaged dlscharge flow. Quarterly averaged meteorolog1ca1 condi-

tions concurrent W1tn the quarterly gaseous release peing evaluated are
used to estlmate atmospherzc d1Sper51on and deposxelon.

The receptor of the dose is desaribed such that the dose to any xresider

: near the, Plant 1s unllkely td be underestlmated. That 15, the Treceptor

.*is selected on the baszs of the combination of appllcable pathways of

maximum ground level X/Q at the resxdence. Conditions (i.e. location,
X/Q, ang/or- pa thways) more conservatlve (1 e. expected to ylelc hxgher
calculated doses) than aporopr:ate for the maximally exposed 1nd1v1cual may
be assumed in the dose assessment. Seasonal approprxateness of exposure

pathways may also.be accounted for. d ) ) . T

*Radioactive Fedime—{1l- 131,
materiel in particulate form hav;ng a half llre greater than 8.0 days.
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.

Environmental pathway-to-dose tranfers factors used in the dose

calculatlons are provided in Appendix A of this ODOM.

»

- 4.2 Releases durzng 12 Months

The regulatioh governing the maximum allowable dose or dose commitment
to a member of the public from all uranium fuel cycle sources of radiation
and radioactive material in the environment is stateé in 40 CER Part 190.
It requires that the dose or dose commitment to 2 member of the pthic
from all sources not exceed 25 mreﬁ/yr to any organ or 75 mrem/yr to the "
thyroid. . ' i . ‘

Fuel cycle'sohrces or nuclear power reactors other thaa the.Turkey

Point Plant itself do not measurably or significantly increase the radio-

‘act1v1ty concentration in the vicinity of thé Plant; therefore; only ‘ g

radiation and radioactivity in the environment attridbutable to the
Plant itself are considered in the assessment of compliance with o -
40 CFR Part 190. .o K
Evaluations of dose due to liquid and gaseous effluent requmred by
Technical Specification 3.9.2.Z to assess,compliancc are calculated as
descrzbed by the equations for: . <7 . s
1. total body and max;mal’y exposed organ doses due to llquxd
effluent via eating fish and shellfish teken from the - .
. cooling canals as in§ 2.4 .
« 2. total body dose due to noble éas Y as in§ 3.7.1
3. skin dose due to'noble gas B as in§ 3.7.2
+4,. total body and maximally expose& organ'éoses due to gaseous
effluents* other than noble gases as in.£ 3. 6.

. .

The doses are calculated on the basis of liquid and gaseous effluents

"from the Plant during 12’ consecutzve months, determined in accord with

Technical-Specification Tables 3.9-1 and 3.9-3. For the purpose of

the Annual Radiological Environmental Report, doses are based upon if'

(§ S

‘ releases during a calendar year. .o . .

-~

Friionm
*Radicactive fedime—{I1-131, I—1333nd T-1352, and radioactive materiel
in particulete form having e half-life greater than 8.0 days.

[




. Aqueous radioactive:-material concentrations are estimated according
.to § 2. 2'on the basis of annual averaged discharge flow. Annual averaged
. meteorological conditions concurrent with annual gaseous releases being

r + evaluated are used to estimate atmospheric dispersion, deposition; and plume

gamma exposure. . ) . . "

» '

. - The receptor of. the dose is described. such that the dosq:co any.
resident near the Plant is not Jlikely to be underestimated. The

receptor is selectéd on the basis of the combination of appliczble pathways

)

) of exposure to gaseous effluent identified in the annnal land use census h

and maxioum ground level X/Q at the residence. Conditions more conservative.
than appropriate for the meximally exposed person may be assumed in the

dose agssessment. ) , .

Environmental pathway-to-dose transfer factors used. in the dose -,

x

‘calculations appear in Appendix A.

Y
a
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Table 3-1

"

Atmospheric Gaseous Release Poiats

at the Turkey Point Units 3 and &

Ef£fluent
Source

I}

Release
Point

. Gas: decay tanks
Radwaste Building
ﬁuxiliary Building

. Containment Pu:gé
No. & spent fuel pit
No. 3 spent fuel pit
Air ejectors
Steam generator

blowdown

Plaat vent
Plant vent
Plant venr
Plant .vent
Plant vent

Spent fuel
Pit vent

‘Turbine deck

Blowdown vent

’

U,




Table 3-2

Distribution of Radicactive Noble Gases
in Gaseous Effluent from Turkey Point Units 3 & A_

Nuclide Release fraction®'’
" Ar-41 { 9.2E-3
Kr-83m : -
Kr-85m . 2.5E-4
Kr-85 . 2.5E-4
Kz -87 4 . 1.6E-4
Kr-88 o 2.1E-4
Xe-13lm . 4.4E-4
Xe-133m 1.2E-3
Xe-133 0.99
Xe-135m . . 8.0E-4
Xe-135 - 3.4E-3
‘Re-137 -
Xe-138 ' 3.7E-4

2 Based on measured d%scharge from Turkey Point
Units 3 & 4 during 1978 thru 1980.

To estimate radionuclide concentrafions in a
sample in which only the total activity
- concentration has been measured, multiply the
total activity concentration by the fraction
of respective radionuclides listed here.

b

.
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Table 3-3

Transfer Factors for Maximum Offsite Air Dose

.
«

Radionuclide *__+ ' Air Dosé Tremsfer Tadidbrs.
".A,Yi P . e
< mrad ) ; ( nrad ) )
. 3 . 3
\¥Ci sec/m .. .\»Ci sec/m
. . Yy ! *) o -, . T
" Xxr-83m ! 6.1E-7 S.1E-6 ’
Kr-85m - 3.9E-5 . 6.2E-5
. Xx-85 = . 5.4E-7_ . *. 6.2E-5 _ °
" Xr-87 . .  2.0E-4 * 7 3.3E-4
Kx-88 4.8E-¢4 ¢.3E-3
Kr-89 " 5.5E-4 3.4E-4
Xxr-90 5.2E=4. " 2.5E-4
Xe-131m ' 4.9E-6 3.5E-5
Xe=133m 1.0E-5 4.7E-5
"+ Xe-133 1.1E-5 3.3E-5
Xe-135m 1.1E-4 2.3E-5 )
Xe~-135. 6.1E-5, * 7.88-5° '
Xe-137 4.8E-5 ~ 4.0E-4
Xe-138 2.9E-4 1.5E-4
- Ar-41 2.9E-4 " 1.0E-4

i
[

Ref: Regulatory Guide 1.109, Revision 1, Table B=l

Y




Table 3-4

Transfer Factors for Maximun Dose to a
Person Offsite due to Redioactive Noble Gases

Radionuclide Dose Transfer Factors:'
Fri, Sps
( mrem ) ' < mrem ) Co
. 3 ] 3. ,
rCi sec/m nCi sec/m: e

Kr-83m 2.4E-9 —

Xr-85m 3.7E-5 * 4.6E~5

Xr-85 5.1E-7 4 _2E-5

Kr-87 " 1.9E-4 3.1E-4

Kr-88 4.7E-4 *7.5E-5

Kr -89 5.3E-4 3:2E-4 N
Kr-90 4 _9E-4 -2.3E~4 .
Xe-131m _ 2.9E-6 1.5E-5

Xe~133m 8.0E-6 3.1E-5

Xe-133 9.3E-6 8.7E-6

. Xe-135m 9.9E-5 . 2.3E-5

Xe-135 ° S.7E-S 5.9E-5

Xe-137 4_5E-S 3.9E-4

Xe-138 2.8E~4 1.3E-4

Ar-41 2.8E-4 8.5E-5

. Ref: Regulatory Guide 1.109, Revision 1, Teble B-1.

4
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Table 3.5

, REFERENCE METEdROiOGY'
ANNUAL AVERAGE ATMOSPHERIC DISPERSION FACTORS

X
Q

sec

3
m

X/Q are anhnual averaged factors of atmospheric dispersion

of a mixed mode gaseous release from the Turkey Point Plant.

Period of record: 01/01/76

HILES v/

‘to 12/31/77

BASE DISTANCE IM KILOMETERS o ¢ .
AFTD DESIGN . - .. ' ' .
SECT  DIST -3 {1 1.50 2.5S0 3.50 4.50 £.50 7.00
¢ HI ) .‘*0 . ¢ 1021 2.41 4002 - 5-63 702(’- 8085 11026
NNE 0. 8.9E=07-1.9€=07 8.3E-08 S.0E~08 3.0E~G8 2.25~08 1.9€-0S 1.4E-GS
NE 0. 6:9E-07 1.52~07 6.3E-08 3.5E-08 2.85£-08 2.1£-08 1.3£-03 1.0€-03
ENE 0. 8.4E-~07 1,4E-07 7.8E-G8 3.9E~038 2.8E-%8 2.35-08 1,.8£~08 1.3£-¢8
E 0. 8.6E~07 1.9€-07 $.15-08 S.1E~0S 2.65-08 2.72-08 2.25-G3 1.7=-08
ESE 0. 6.6E~07 1.5E-07 7.9E-08 4.SE~-08 2.57-7& 2.3E-08 1.9S-03-1.25-0%
'sE 0. - 1.6E~06 2.8£-07 1.1E-07 6.15-08 &4.2£~03 3.0E-08 2,.85-98 2,1E-98
SSE 0. 4,9€~056-9,25-07 2.6E~07 1.8E~07 1.1£-07 9.05-08 7.1£-08 4.95-02
S 0. 2.GE=06 4.KE-07 1.8E-07 1.0E~07 7.85-08 S5.4E-08 4.5E-08 3.3E-05
SSH Q. 6£.85E~07 1.66~07 6.5€-03 4£.65~08 2.4E-08 2,5E~-03 1,.8E%02 )1.4E~08
sw 0. 1.86<06 3,28~07 1,4E~07 7.9€~08 4,.S£-GS8 3.25~-08 2,.7E-08 1.95-¢3
WSW 9. 2.95~04 56,3E-07 2.35-07 1.35~07 7.6E-08 5.SE£-02 4_.25-08 3.1E-ng
W 0. 6.3E-056 1,25-05 S,25-07 2.6E-07 1.75-07 1.25-~07 S.22-03 AK.GE-0&
WNW O 4.15~06 8.TE~07 3.%45-07 1.78~07 1.2E2-07 8.1E-08 6.35-03 4%.Z2EZ~C3
C. 2.TE-06 6.05L07 2.4E~07 1.2E~07 7.6E~08 5,1E-08 4,2E-05 3.28-0%
N.‘-i\? 00 . 1-."’5"06 2’95"07 1-25-07 5085"08 ‘?-SE-CH 3&0‘5-08 2."—5-08 IOSE"'O?J
N Cur 9.5£-07 2.iE-67 8.5E-08 4.SE-08 3.2E-08 2.ZE~08 1.7€-08 1.35-03
BASE DISTAHCE*IM MILES / KILOMETERS o ’
AFTD DESIGH < «
SECT DIST 909 11.00 V79 5.00 1.00 2.06G 2.75 4.30
Hl 14:48 117.70_‘ .1-27 8;04 1061 3.22§,. !4’042 6;92
0. “9.8E-09 6.65-09 1.85-07 2.05-08 1.4E~D7 $.25-038 4.45-08 2.35-05
NE 0. 7.32-09 S.4E-09 1.58~07 1.6E~08 1.1E~07 4.8E-08 3.56-03 2.15-a8
ENE .0. 1.15-08 7.4E~09 1.4E~-07 2.0E-08 1.0E~C7 S.2E-06 2.68-03 2.45-09
£ 0. " 1.35-08 9.8Z-09. 1.7€~07 2.4€-08 1.3¢~07 6.325-~08 4.55-08 2.405-08
ESE 0. L1.)E=08 9.5E~09 1.4E-07 2.05-02 1,25-07 S.7E-03 4,.0E~08 2,4E~58
SE 0. 1,55~08 1.3E-08 2.7E-907 2.72-G8 1,95-07 7.8E~08 5,S5-GS8 2.12~04
SSE 0. 3,8E-08 2,7Z-08 8.7E=C7 7.95-03 6.35-07 2.SE~07 1.85-07 S.4E=n]
S 0. 2.32£-08 1.85-08 4.25-07 S.0E~68 3.3}E-07 1.3Z~07 9.5E-08 . S.82«0§
S3d .0, 9.4E~09 7,1E~09 1.SE5~07 2.1E-68 1,1E-07 S.4E~08 R.AE~CH 2.SE~0§
Sy 0. 1.4E-08 1.6E-03 2.0E-07.2.$8--03 2.26~-07 1.5E~-07 6.9E~08 3.SE-01
REW 0. 2.28-03 1.8E-Q8 S.CC~07 %.8E-08 4.3E-07 Y.T7E-07 1.0E~07 S5.2T-G
W 0. 4,3E~08 3.5E-08 1.2€~06 1.0E8~07 9,0E~GT7T 2.S£~07.2.3E~37 1.3Z-0¢
WY C. 2.95-08 2.25-08 B5.,15~07 7.15-C6 S.95-07 2.35-07 ).GE~Q07 B.2i-¢
Ny 0. 2.65-08 1.SE~08 S5,45~07 4,7E-0R £,1E-07 1.6E~07 1.95-C7 S.&6-2
NHW 0. 1.6E-08 8.23E=09 2.7C~07 2.60~08 2.0E~37 9,15-98 6,1E~0% 3.25-0
N 0. 1.0£-08 T.25-09 1.92~07 2.05-98 1.5Z-07 S5.95-G& &4,05-08 2.33-0
NUMEED OF VALID OSSERVYATIONS = 165358
NUMBEY GF INVALID QZSERVATIONS = 1006
HUMBER GF CALMS LC2ER LEVEL 195

NUMRZR OF CALMS UPSER LEVEL 283
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" AFTD

DEPOSITION DEPLETED ANNUAL AVERAGE

‘Table 3.6
REFERENCE METEOROLOGY

X
“Qd

sec

3

m

ATMOSPHERIC DISPERSION FACTORS

X ,/Q are’annual avereged factors of atmospheric dispersion of a
mixed mode-release from the Turkey Point Plant which have been
corrected for depletion f£rom the plume by fallout and deposition.
Period of Record: 01/01/76 to 12/31/77

’

* BASE DISTANCE IN MILES /

DESIGNM .

+ SECT DIST .25 - .75 1.50 2.50

. HI <40 T 1.21 2.41 4,02
_NNE 00 8.7E‘07 1075‘07 7#35”08 4§4€‘08
HE - 0. 6.9€-07 }.4E-07 S.SE~08 3.35-08
ENE Ov 8'05-07 1‘25—07 6»55—08 7 67 08
£ 0. 8.65=07 Y.TE-07 7.65~08 %.4E-05
ESE 0. 6. 1€-07 1.35-07 6.55~00 3.65-038
SE 00 10SE“06.2u65-07‘9-SE‘08 5-28-08
SSE 00 4075“06 802E'07 3015-07 1055-07
S 0. 2.85~06 4.25-07 1.5£~07 8.55-08
SSY G 5,15-07 1.4E-07 5.5E-08 3.55~08
SW 6. 1.2E-06 2.8E-07 1.3E£-07 6,72~08
WiW 0. . 2.75-05 S.6E~067 2.)1E-07 1.0E-07
v Do ,5.9€-05 1.2E-96 4,4E~07 Z.2E-07
¥NW 0. 3.8E-06 7.75-07 2.92-07 1.3E-07
Ne 0. 2.S2~06 S.4E-07 2.15-97 1.iE-Q7
© NNY 0. 1.45=68 2.6E~07 1.1€-07 6.065-02
N 0. 8.8E-07 1.95-07 7.52-08 3.SE-03
BASZ DISTAMCE IN MILES. /

AFTD 'DESIGN ’ - o

. SECT DIST 9.00 11.00 .79 5.00,

MI 14 .48 17.70 1.27 8.04
“NNE 0. " 8.5E~09 6.05-09 1.6E-07 Y.BE-08
NE c. 6.35-09 4.SZ-09 1.3E=-97 1,45-0S5
ENME 0, 9.05-02 6.75E-09 1.ZE-07- 1.8E~-03
£ .0.. 1.1E~-22 7.95-02 1.S55-07 2.}E~0S
ESE C. 8.82~-09 8.35-09.1.3E-07 ).E£-03
SE 0. 1:3E-08 1.0C~C2 2.45-07 2.35~03
SSE 0. 2.75-08 2.15-068 7.7E-07 6.4E-0S
S 0. 1.9€-08 1.32-¢8 3.8E-07 &4.1E-08
Ssw 0. 7.9€-65 S,75-09 1.4E-07 1.85-~08
Sw 0. 1.1E-68 8.6Z-09 2.75507 2.4£-08
HsH 0. 1.8E-08 1.4£-08 5.2E-07 4.65-68
v C. 3.7€-08 2.85~08 1.1E-06 5.65~Q8
WNY 0. 2.56-08 2,0E-08 7.35-07 $.15-08
NW Ot 1.6&’08 }-35'«8 5518-07 4-15—03
MNW  C. ©.15-0% 4,9€~069 2.4E=-0H7 2.3E-08
N 0. 8.72-09 6.3E-09 1.8E-07 1.7€-08

MUSABER OF VALID OBSERVATIONS = 16528

NUMBER OF IHVALID CHEERVATIONS = 10356

NUMBER GF CALMS LOWIR LEIVEL = 195
NUHMZER OF CALMS UPPER LAVEL = 383

"

KILOMETERS

3.50
S.63
2&75“08
2.25-08

2.45~08"

3.1E-¢H
2.9E-08
3.42-08
9.2€-C8
£.45-08
2.6E-08
&, 20-¢8
6H.LE-08
1.48-07
9.82-08
6.85-03
4.0€~02
208E~GG

4.50
724

1-95-08
1.72-09
2.&5-03
2-45—03
2.GE-03
2.4E8-08
T.42-08
& 62-08
2.28-08
2-7:—08
4, 8E-~0D0
2.2£-942
7.0E8-08
4.SE-pR
2’65..qu5
1095—03

KILONETERS

/ ' -

1.00
1.61

1.26-07
9,4£-08
©.1C-08

1¢2E-07 S¢

l1.08-07
107E-07

E.65-07
207E’C7
9.6E~02
2.02-07
3-vh-07
7.9€-C7
So)=-07
I.6E-0T
1-c~ 07

1.;;-07

2.00
3.22

SQSE‘QB‘

4025-08
4.52-08
SE-03
SOOE"GG
6.7E=042
2:25-07
407E~0Q
2.1E~-08
1.48-07
3.1£-07
2.05-07
1.68-07
7.72-08

5.z2£2-¢8

1.65-02
2.1E-03

S5.8£-08
2.7E-08
1.S2-08
2.3€~5%
3-&9—C&
7 .E5~05
Jo”u-co
3,.8£~-08
c.C:*GB
1.56-02

2.75
4.42

u.uu-OB

3,«&‘00

3:15”00
3.92-03
3.42-03

oT:—OB
1 7:-

-l

.CL—OU
3.22~¢8
5.%%-02
5.1'-0?
2.62-07

JJBE-GT

s.CE-08
S.42~-08
JQS:—OG

T.C0 .
11.26

v.IOZE;bD
g B8.BE~(S

l1.2E~02
1.58~-G8
1.
1.72~G56
3:?““09
2.58-¢2
1.2 _qb
1-: “PG
Z2.68-0
S.:T-0E
3.65-62
2.8E-¢Ca
1.3;-0@

1.1E~0Q

- 4039
6.92

2.1E-¢d8
1.85‘32
2. 0;*0:
2-45-08
ZGGE‘OS
2565‘08
7:75-03
4 ,8E~61
Z'EE‘Gr
2.5e-04
& BE~G
1.65557
7;45*5
So ﬁ‘c
e-8E~-6
2.0E-y

1
]
)
3

1Z~G3




“ AFTD DESIGN

Table 3,7

REFERENCE METEZOROLOGY
_ANNUAL AVERAGED RELATIVE DEPOSITION RATE °

D
Q

P

2
m

D/Q are annual averaged factors representing the Lractlon of a leed

mode airborne release from the Turkey Point Plant which is deposited -

on a square meter area of lend at a given distance and direction from the Plant.
Period of Record: 01/01/76 to 12/31/77

ow

.

Bhss DISTANCE IN MILES /

2.50

SECT  DIST .25 .75 1.5¢
. M1 «40 1.21 2.41 4.02
_NnE 0. 6.4E~09 1.5E~69 &4.T=-10 2 uc 10
MNE 0. 3.58-09 8.7E~10 2.2E+-10 1.2E~-10G
ENS D.. 2.85-09 S.15~10 2.1E€-1n 7.66—11
E 0- '2.7E~0? 6.65"10 2\“5’10 -10
gse 0. 1.6E~09 4 .28-10 L.QE-lo ”E—ll
SE 0. S.3E~09 1.25.-09 3,785-10 1.65-10
SSE O . 2.65~-08 5,25-09 1,.85~09 6.8E8E~192
S 0. 1.2E£~08 2.1£-0% 6.7¢-10 3.058~13
SS¥” 0. 2.3E~09 T7.25-1¢ 2.4C~-10 1. 2¢ 10
SN cc I.IE~08 2~IC 09 ]-95-09 sus 30
WSH 0- 2-38"08 S..g-gg l E—09 !-u }0
W 00 5-75—08 1 ZC‘OD 30&5“0? 1 Lc-Oq
WY G. 4.1E-0B 9.6E-09 Z2.72-09 1.0E<09
W 0. 2.4E~C8 £.22-09 1.75-092 H.1E~10
WNW O, 1.28-08 3,95~0G S.SR~10 :.6’-30
N U S.8E-09 1,5E-09 4.8E~]10 1.8E-10
BASE DISTANCT "IN MILES /
AFTD DESIGH , )
ScCT DIST 2.¢0 12.0% <79 S.00
. M1 14.48 17.70 1.27 8.04
. NNE 0. 1.6€~11 9.3F~-12 1.4E-09 &.TE-1}
NE.. 0. G.95-12 6,2E~12 Q.}E~10 3.2E-11
EN; 0. 8,1E-12 5.28-12 S.0€~10 2.3£-11
c. 1.06-11 6.3E-172 5.9E~-10 3.0E-11
ESE Ge 7.5€-12 S.8E-12 4.1E~10 2.22-11
. SZ 0. 1.88-11 1.38-11 1.1E~GG &.7E-11
SS& 0. 6.65~11 4.58-11 4.5E~09 2.1E~10
S 0. 3.4E=1)1 2.35-11 1,9€~09 1.0E-10
SS‘(; c. ]OGE"']I 606 —l( 6- ‘-’p 10&:‘:—1]
Sy 0. 3.5E-11 2.26-11 2.5€~69 1.1E-10
WSH 0. S.S8~-11 3.8€-1) 4.45-0C 1.AE-~10
¥ 0. 1..25~1C 8.75~1) 1.)1E-8 3.92~1¢
WNY 0. 8§.85~11 6:1E~11 B3.75-69% 2.&&—10
Ny 02 L6,88-11 3.28~11 S5.65-09 1.5%
NMY Q. 2.5¢-1% 1.8c~1)1 2.7E~0% 9.1 11
N 0. 1.76-3)1 l1.318~11 1.4E=-GCQ 4.8Z-))
RUMBER OF VoL 1D CGESERVATINS = 1652¢G
NUMEER OF INVALIOD ?BSERV£TZONS = 1608
MISMEER OF CiLMS LOWER LEVEL = 125
NISMBRRER OF CALMS URPER LEVEL = 383

KILCHCT

. 3.50
'S.63

9115“12
6.4E~11
4115—11
5.35-11
4,08-11
9.05-11
3.5€-10 2
2 NE-19
&-11
¢o3E 10
-25%-10
7 6E-10
J\?E 10
3. 1:-10
2 0‘-‘
-1}

KILOUET
‘1.60
1.61

$.65-10

'S.6E-10

3.%E-10
4.3E-10
3'35-10
70 15-10
3.4£-0C
1.é5—0?
1.G€-09
J-2¢“09
T,46E-09
S.7TE~09
3.7E-¢9
l.ﬁc 09
1.0E~09

ERS

4.50

T-26

S5.58-11
11935-11
2095”11
3’75-11
2.75-11
5.45*11
.SE-10
1.22-10
4.08-11,
1.22-10
2.0C~-10
4,8Z~-10
3.4E~-10
1,8E-30
}s}E“}“
S5.28i-13%

FRS

T 2.00

3.22 .

2-85“]0
1.8E~-10
1;22“10

I-QE-IO.

E~10

OI—

.

— N O WO N ULt OO Ot ot

Lo

5.50

ﬁ.-J-|llH'-ﬂ 1t oo .
.
w

[V PR ] Q \Y 6 ot peo Pt
.

700
8.85 - l1.2%
A.IE—II 2TE~1
2.88-~11 1,751
1.S6~11 1.2E=)
2.5E~1) l.&E-)
1,&E~11 1.06E~-)
4 ,28~11 2.9C-=1
1.85-=10 I.DE—i-
S.1S-1) ©,s8% -3
2.8E~-11 2.08~13
S.6E~11 S,::~1
1.45=10 2,55~-1
3I.2E-10 2.2}
2‘QE—10 1_“? :
1,32-3% 8.52~1
7.5E-1) &.2E-}
$,0E-11 2.5E~)
LN G4.20
4.42 6.92
HSE-10 §.2E~-11°
clg-lg 4.65-11
JeE-YY 3.0HE-11
JAE-11 3.6Z-11
BE-11 2.2E-11}
W32-30 S,.05~1)
CBE-1D, 2.6E-10
TE=-10 1.3Z-310
JTE-1Y 4,02
[Se-35 2lee 10
LGE~-1G 2t-10
2E-02 5,0E-)0
L.02-10 3.8£-10
«L0E=10 R2.CE-2D
0E~102 1.2E-1D
.SE~19 5.5E~11)
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APPENDIX A
PATHWAY-DOSE TRANSFER FACTORS’ :

Environmental pathwéy'transfer factors, usage faétofs, and dose
commitwent factors appropriate for each exposure pathway, age, and
organ are combined into integrated environmental concentration-to-dose
factors for each radionuclide. This appendix 1nc1udes tables o; values
of the transfe* factors calculated in accord with equatlons and values
recommended in NUREG- 01331 for individual environmental pathways. In
the event a single, composite transfer factor is desired for a given
organ and age group, it can be obtained by sumning the factors: for
apprbpriake pathways. 'Aépropriate-transﬁer factors from Appendix.A are

used in performing dose assessment celculations prestribed in the ODCM.

lJ. Boegli,et gl., eds., 1978, Preparation of Radiological Effluent

Technical Specifications for Nuclear Power Plants, NUREG-0133,
USNRC, Office Nuclear Reactor Regulation. .

.
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. . APPENDIX B ; ' :

Y

Nublide Dilution in the Cooling Canais

The effective concentration of each euclide in the cooling canals
is a function of the discharge flow and concentration, thevngclide decay
constant, and the various diluting flows in and out of the ceﬁal.
Reference 1 was a study of the hydraulics of the Turkey Point cooling .
canals; 1: revealed that ground water 1nte~chenge is the most s1on1f1cane
means by, whlch net removal of chemical constituents from the canals occurs.
One result of the study documented in Reference 1 is a2 mathematical model
of the water and chemical balance ‘in’"the canals. That model is used here
to deri;e an expression for the nuclide concentrations to which £fish and
shellfish in the canal are exposed. This expression can then Se used ,
to develop the expression in Section 2.4 for calculating accumvlated - "
personal dose due to ingestion of fish and shellfish.

Assuming that sampliﬂg 6f nuclide i in the gadel_by seefood'(and,
in turn, the ultimate receptors) eecurs randorly in space and time, the
cénal can be treated as a homogeneous mixture. This is certein{y true
for nuclides with effective lives greater than severzl days, since the

canal average ‘transit time is on the order of two days. For shorter-

‘llved nuclldes, this assumption is conservative. (See also Figure 12 of

Reference 2.)

A mass balance on the canal yields:

v dc, (e)/de = -Va.C, (©) - F5 €y (€) + F\C; : (1)
where V = is‘the canal volume (ft3)

Ay = ‘is the nuclide i decay constant’ (min™ ) %ﬁ'
C,'(t) = is the average nuclide i concentration in the canal®
’ at time t (pe/ml), 7 . .

F3 = is the ground water lnterchange flow (£t> /mxn;

F = flow in radioactive lzquzd discharge line (£t”/min)

Cik = ;adionuclide i concentration in undilutéd liquid waste

.

being discharged (pCi/ml)




Defininggci(t? = C: when t = o 2t the beginning of the disc_harge,

. it can be shown that:
v . °

_ . ,.s o )
Cl_(t)- =C, - (c:.L - ci) exp [ - (xi + F3/V> t,] (B2)

where the steady-state concentration

s _ . " A o

Ci = ,Fl Cik/(liV + FB) or . . . . (B3)
) S _ : e : . * * - .

C;.= F, C,/VA] . . _(B4)

Examination of the above equatmons reveals that the meximum possmble
concentration of nucllde i is C For continous dischargés, Ci ;s ) .
approximately equal to the "average" concentration in the cooling cenal.
For batch d:scharges th;s expression is conservatzve, partlcula*ly when
the duratxon of the discharge is small wzth reSpect to the period between
discharges and the effect;ve decay period, I/A . ’ -
Figure 27 of Reference 1 shows the relatlonshxp of canal waeer
level (Canzl 32 - Line 3) to volume. Figure 9 of Reference 1 shows
canal levels during July - December 1978. During that peribd, the
. © canal volume (V) never decreased below ‘500 million cubic feet - 2
B conseérvative lower bound for A ' e
,i Tables 3 and 4 of Reference*l probide an expression for Fé, the
ground water interchange flow rate:’ .

. F3 = Cl + 02 : 3 (ft /m:.n) B , (B?) :

L = 30 900 ft3/min. '

L
=2
1]
H
m-
O
]

()
n

5 % '1680 neap/spring

" -.120 June C o
. +.360 July
+ 1320 August
+ 1200 September
¢ : - ,960 October )
. -"1440 November -

CA = 3000

9]
|

A conservative lower bound for F3 would be on the order of 30000 cubic feet-

per minute.




An upper bound on the steady-state concentration of radionuclide i

in the 'canals is thus

s : . )
¢ Fio-Che e o Fy -Gy ' (B6)

Ay VHFy 5 4108 263 . A, + 30000 £ /nin-

Alternately, stating Fl:and F, in units, gal/min, and V in units,

. gal, produces ) . , e W
s ) ,
Cis; 'Fl . Cik - Fl "Cik
. - -
Ay VhE3 3095 x 107 gal . A, *+ 2.26 x 10° gal/min
s \ | .
or .Cis;_ Fl . Cik - Fl . Cik
+ v -
V2 " 53\ 3,95 x 10° (A + 6.x 107%)
, .V
or Cs< ¥ c
i= "1 ° 7ik
V. aS
F f i
where V = 3175 x 10° gal
e _ -5 . -1 ¢
A. = A. + 6 X 10 7 min ,
i i .
References . o’ .
1. Evaiuation of Coolingpgystem Chenistry, Turkey Point Cooling Canal
»_ System, Dames and Moore, June 1979. ) )
é. Estimating-Acuatic Dispersion of Effluents from Accidental and

Routine Reactor Releases for the Purpose of Implementing Apvendix I,
Regulatory Guide 1.113, Revision 1, USNRC, April 1977.
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APPENDIX C

Limited Analysis Dose Assessment
for Liquid Radioactive Effluents

w € N

The radioactive liquid effluents for the years 1978, 1979, and i980

. were evaluated to determine the dose contribution of the radionuclide

distribution. This enalysis was performed to evaluate the use of a

limited dose analysis for determining environmental doses. Limiting

the dose calculation to a few selected radionuclides that contribute

the majority of the dose provides a simplified method of determining

compliance with the dose limi;s of Technical Specification 3.9.1.b.2..
‘Tables C-1 and C-2 present the results of this evaluation.

Table C-1 presents the fraction of the adult total body dose contributed -

by the major radionuclides. Table C-2 preéents the same data for the

adult. GI-LLI dose. The adult total body and adulé GI-LLI were

determiﬁed to be the limiting doses based’ on an evaluation of all

age groups (adulé, teenager, child, and infant) and 2ll organs: (borne,.

liver, kidney, lung, and GI-LLI)., As the data in the tables show,

the radionuclides Co-58, Co-60, Cs-134, and Cs-137 dominate the total

body dose; the radionuclidesj Co6-58, Co-60, Nb-95, and Ag-110m

dominate the GI-LLI dose. In all but one case (1978—shellfish,

"’ GI-LLI-dose) these ra@ionuclides contribute 907 or more of the totel

dose., If for 1978 the fish and shellfish pathweys are combined as is
done to detérmine the total dose, the coﬂtribucion from these nuclides
is 897 of the total GI-LLI dose. '

. Therefore, the dose commitment due to radioacti&e material in.gu
liquid effluents can be reasonably estimated by limiting the dose ‘
calculation to the radionuclides, Co-58, Co-60, Nb-95, Ag-110m, Cs-134,
and Cs-137, which cumulatively contribute about 907 or greatér o the
total dose calculated by using all radionuclides detected. This limited
analysis dose assessmenE method is 2 simplified calculation that provides

a reasonable evaluation of doses due to liquid radioactive effluents.

¥
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Tritivm is not,included.in the limited analysis dose assessment
for liquid releases because the potential dose resulting from normal
reactor releases is negligible. and is esSentialiy independént of
iadwaste‘systeé operation. ‘The maximim amount of tritium

released annually is about 1000 curies. At Turkey Point, 1000:Ci/yr
releases to the cooling canals produces a calculated whole bédy dose of
0.002 mrem/yr via 'the fish and shellfish pathways. This amounts to
less than 0.17 of the design objective dose of 3 mrem/yr. Furthermore,
the release of tritium is a function of ?perating time and power

level and'is essentially unrelated to radwaste system operation.

-




Adult Total Body Dose Contributions
Fraction of Total (Excluding H-3)

Table C-1

‘Radionuclide 1978 1979 1980
Fish Shellfish Fish Shellfish Fish Shellfish
Co-58 0.02 0.12 0.02 0.10 0.43 0.9
Co-60 0.11 0.57 0.12  0.56 0.23 0.68
Cs-134 0.41 0.13 0.43 0.13 0.27 °  0.05
Cs-137 0.44 0.14 0.40 0.12 0.43 0.08
Tota} 0.98 0.96 0.97  0.91 0.96 0.90
Table C-2
Adult GI-LLI Dose Contribution
Fraction of Totel (Excluding H-3)
Radionuclide 1978 1979 1980
Fish _ Shellfish Fish  Shelliish - Fish  Shellfish
Co-58 0.07 0.15 0.05 0.13 0.03 0.10
Co-60 0.33 0.70 0.27 0.67 0.14 0.9
Nb-95 0.54 <0.01 0.13 <o.0L 0.55 <0.01
. Ag-110m - -- 0.48 0.12 0.24 0.12
"Total 0.94  0.85 0.93 0.92 0.97 0.91




APPENDIX D

Technical Beses for A
. eff

Qverview

The evaluation of doses due to releases of radiocactive material to

.the atmosphere can be simplified by the use of effective dose é};nsfer‘
factors instead of using dose factors which are radionuclide specific.
These effecéive factors, which are based on the typical radionuclide
distribution in.the releases, can be_applied to the total radiocactivity
released to approximate the dose in the environment, ie, iﬂstéad of
bhaving to sum the isotopic distribution multiplied by the isotope
specific dose factor only a single multiplication (Aeff times the totel

.

quantity of radioactive material released) would be needed. This

-

approach provides a reasonzable estimate of the actuval dose while

éliminating the need for a detailed calculational technique.

.
"
<

Determination of A .
- e&f - . :
‘The effective dose transfer factor is based on past operating-data. -
The radiocactive effluent distribution for the past years can be used

to derive a single effective factor by the following equetion.

A .. = A, . £, (D-1) °
eff E: i i :
. i ‘ .
where Aeff = the effective dose transfer factor
A, = the dose transfer factor for radionuclide i
fi = the fractional ebundence of radionuclide i in the radiocactive

I

. . effluents ' . n
This equation yields a single dose factor, weighted by the

typical radionuclide distribution. .




To determine the appropriate effective factor to be used and to
evaluate the degree of varzablllty, the atmospheric radzoactzve effluents
for the past 3 years have been evaluated. An effective dose transier
factor has been determined for the gaseous effluents for all pathways of
interest, Tabiés D-1 and D-2 present the results of this évaluatien-

For the radioiodines.and particulatés with helf-lives greater than
8 days, the effective dose transfer factor is based solely on the
rgdioiodinés (I-131, 133, and 135). This approach was selected because
Fhe radioiodines contribute essentiallyiall of the dose to the infant's
thyroid via the cow-milk pathway. The infant's thyroid and the cow-milk
pathway are the critical orgen and controlling pathwey, respectively,
for the releases of radioiodine and particulates. All other Qarticulatés
contribute less then lZ of the dose. The eff ectlve dose trensfer |
factor is determined by applying equation D-1 to the radioiodines.
However, 'in determining the dose, this effective dose transfer factor
should be epplied to the total release of all radioiodines and to
partlculates with half lives greater then 8 days. .This uniférm
appllcatlon is conservative in prov1d1ng reasonable assurance that the
actual dose wxll not be unde;estlnated by the use of this szmplezed
method. A

- The determination of Aeff was limifed to the pest.three years
(1978, 1979, and 1980) because ,0f the changes that have occurred in the

waste processing system. A demineralizer system replaced the previously

'useqd evaporator in the liquid waste processing system.

As tan be seen from Tables D-1 and D-2, the efiective dose transfer

- factor varies little from year to year. The maximum observed variecbility

from the average value is 137 for the noble gases and 25% for the’

radioiodines. This variability is minor considering other areas of

. uncertainty and conservatism inherent in the envirommental dose

celculational models.







A

‘ - To provide an additional degree of conservetism, & factor of 0.8 is
introduced into the dose calculational process when the effective dose
transfer factor is used. This aned conservatism provides additional
assurance that the evaluation of doses by the use of a single effective
factor will not significantly underestimate any actual doses in the

s

*environment. , “

Reevaluation

The. doses due to the gaseous effluents are evaluated by the more
detailed calculational methods (ie, use of nuclide specific dése factors)
on a yearly bases. At this time a éompar&son can be made between the
simplified method and the detailed method to assure the overall
reasonableness of this limited analysis approach. . 1f this comparison
indicates that the rédionuclide distribution has changed significently
causing the simplified method to underestimate the doses by more than

. 207, the value of Aeff will need to be reexamined to 2ssure the overall
‘acceptability of this approach. However, this reexamination will only
be needed if the doses as calculated by the detal'eo analyszs exceed
507 of the design bases doses (ie, greatexr then 5 mrads gamma air dose,
10 mrads beta air dose, or.7.5 mrem infant thyroid dose).

In any case, the approprlcteness of the A eff value will be
_periodically evaluated to assume the applicability of a single effecglve

dose factor for evaluating environmental doses.

)2'-., -
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Table D-1

Efféctive Dose Transfer Factors

Noble Gases—Air Dose

Year AYeff ABeff
mrad mrad
uCi . sec/m3 ucCi . sec/m3
1978 , 1.3 x 107> 3.4 x 107
i979 1.3 x 107 3.4 x 1077
1980 1:6 % 1077 3.4 x 107
Average 1.4 x 1077 3.4 x 107°




Table D-2

‘ Effective Dose Transfer Factor for Air-Grass-
. Cow-Milk-Infent-Thyroid Pathway
Radionuclide Annuel Fraction Dose K Weighted .
" Airborne Factor® Dose.
Release mrem/yr Factor
, (ci) <vc1/(m : sec)>< oren/yr .-> ,
2Ci /(m . sec)
. ) Year 1978
I-131 - 0.381 0.688 9.9E11
- 1-133 } 0.129 0.233 - 1.3E10 11
1-135 0.044 ' 0.079 5.2E6
. Yeer- 1979
1-131 0.0188 0.520 9.9E11 .
1-133 0.0156 0.432 1.3E10 Ell
1-135 0.0018 0.048 5.2E6
. Year 1980
1-131 0.0518 0.756 . 9.9E11
I-133 - T+ 0,0124 0.181 ‘ 1.3E10 11
1-135 0.0043 0.063 "5.2E6
avgb ’ 11

*

2 air-grass-cow-milk-infant-thyroid dose transfer factor

Effective dose commitment transfer factor is the average of
weighted dose transfer factor over three years.

"




APPENDIX F

'
*

Bases of Technical Specification 3.9.1.d.1 Limits
1]

-
»

Technical Specification 3.9.1.d.1 conditions for treatinglﬁfdio-
active liquid waste sre stated on a quarterly basis as one—foufth of
the design objective (annual) limits on individual dose commitment.
At. the Turkey Point Plant, the individual dose lipits require iower‘
releases of radioactive material in liquid effluents thén would .
cost-benefit criteria‘for treétment.‘ This occurs because the closed
cooling canal system yields 2’ low population dose. Consequently, a
liquid radwaste system operability requirement can be based on
Appendix 1 design besis limits without‘any further reduction for
treatment cost-beneficiality.

ODCM sections 2.4 and 2.5 present the dose projection method used

"to decide operability. Since 90 percent or-more of the dose is normally

" caused by a limited number of radionuclides, dose projections can be

adequately based upon those radionuclides. Appendix C explains the

besis for this position, . . P

»
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LOCATION

T51
152
756
157
758
T63
T66
T71
T72
173

174 -

T75A
T758
T81
T84
T87
T88
T8S
T90
791

T95
T98

192,

Al

-+ TURKEY POINT PLANT
REFERENCE TO MAP LOCAT

DESIGNATED
. NUMBER

WoO~NOOIT.L WN =

IONS

LOCATION

N-1
N-5

NNW-1
NNW-10
NU/VINW=-1
NW-5
NW-10
W/UNW-5
WNW-10
H-1
WSW-10
SH/SSH-1
SW-10
SSi/Sh-5
SSk-10
S-5
SSE/S-1
SSE-10

DESIGNATED
NUMBER _
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25
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