Attachment III

CHANGES TO THE OFFSITE DOSE CALCULATION MANUAL

FOR RADIOACTIVE LIQUID AND GASEOUS EFFLUENTS

Background

The Offsite Dose Calculation Manual (ODCM) is utilized for compliance with
10 CFR 20, 10 CFR 50 Appendix I, and the TMI-1 Technical Specifications.
The copy attached is Revision 2 of this manual and includes the changes

listed below.
1. Appendix A

Appendix A was added to include the MCP values from 10 CFR 20.

2. Appendix C

Appendix C was added to include the Dose Conversion Factors from Reg Guide
1.109, page 44.

3. Appendix D

Appendix D was added to include the Bioaccumulation Factors from Reg Guide
1.109, page 13.

4. Table 3.2

Table 3.2 was added to include the Site Related Injestion Dose Committment
Factors for the Maximum Exposed Urgan and Total Body.

5. Table 4.1

Table 4.1 was added to include the Site Specific Dose Factors for Determining
Total Body Dose at the Site Boundary.

6. Table 4.2

Table 4.2 was added to include the Site Specific Dose Factors for Determining
Total Skin Dose at the Site Boundary.

7. Table 4.1.2

Table 4.1.2 was added to include the Dose Conversion Factors Calculated for the
Site Boundary.

8. Table 4.1.2(a)

Table 4.1.2(a) was added to include the Site Specific Dose Conversion Factors
for Gamma Air Dose at the Site Boundary.
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9. Table 4.2.1(b)

Table 4.2.1(b) was added to include the Site Dose Conversion Factors for Beta
Air Dose at the Site Boundary.

Table 4.2.2b

Table 4.2.2b was added to include the Site Specific Dose Conversion Factor
for Critical Locations (Vented Release).

Table 4.2.2c

Table 4.2.2¢c was added to include the Site Specific Dose Conversion Factor
for Critical Locations (Ground Level Release)

Changes 1 through 11 represent information added to the ODCM as enhancement for
completeness and efficiency. They do not change any portion of the previous
manual, but rather incorporate data from various documents and regulations so
that the current ODCM is a self-contained, independent document.

12. Administrative Changes

Revision 2 of the ODCM represents a complete re-write, and many editing
changes have been made which improve the quality of the manual, but do not
change it technically or substantively. These changes include:

.. Addition
.. Addition
.« Addition
.. Addition
. Addition

of
of
of
of
of

(i.e. Table

an Introduction

explanations to variable definitions

a Reference Section

pre-calculated tables

new isotopes to some tables for use in calculations
4.2,2a)
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INTRODUCTION

Tris Offsite Dose lalculation manual (OOOv) oescribes the methooology &nc
perametlers IC De usec ir tne calculation of offsite coses oue toc racicective
diguic enc gaseocus effluents, for purposes of cemonstrating compliance with

i CFr 20, IC CFR 5C Adpencix I, ang the technical specifications.
AScitligng..y, 4t provages the caltulationsl methosclogy for oetermining liauic
&nC gasecyus effiuent monitozing instrumentation slarm/tzip setpoints.

s v
n-aing locetions &nc cescriptions are also incluocec to provioe augmentation
the OOCw.

Tne cpergticna. Recicliogical Environmental Monitcring Program's (REMP)
-
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" ;i:-i: ffluent line monitess are set sush Lthat Lne
consercestion(s) of isot o:e( ) ir the liouic effluente will not
excees :-s *-ﬁ*e'°° 4 g imits soecifiet in 10 CFR 20, Apoencix B

-
--

Tatle 12, Col 2 (See Rppencix £ to this maﬂuel).

Tc meet the gdove limit, the alarm/trip setpointes for lie

T liouic
effluent monitors end flow measuring devices gre set %o gssuse thed

: . . Yy
the felloning eguetion is satis’i

gf < C (ec 1.1)

| 254

& & - . 4 Y&~ e - & 4 2
the effluent concentration limit implementing FE 20 for the site, i

-~ - . ~ -
Rad BT o
the settcaet, ir wSi/el, of the liculc effluent moniter measusing the
resicgssivity *'-—e*::a ior in the effluent line ::i:: to cilutis= anc
celegse. Tne setocint is prodortionel tc the volumetric flow of the
efflyuert line gnc inversely proposticngl tc the volumetzic flow ¢f the
ciluticm stres- o.us the effluent stresm. The setpoimt value is such
thgt if 1t were exceecec, it would result inm concentrations exceecing
the 10 CFR 20 limits for the unrestricter sres. »

flow set point es measurec at the racistion monitor lozetior, ir velume
per unit time, 5% in the same units as F below.

fiow zate cf ciluticn wgter measurecs poicr te the relesse poinmg, irn
volumne Der unit time.

The setocint concentration is reduces such thet concentration
contributicne fror multiple relesse points woulc not comd ine tC exceec
10 CF= 20 limits. The setpoint concentretion is converted to sc::.‘n,
scele units using appropriate calibration factors

Tﬁis secticn ¢f the OOV is implementec by Operstions procecure 110l1-2..
Redistion N*’i::: Syster Setpoint= anc for batch relesses Racicl opicsl
Controls Procecure 1621~ "Releasing Racicactive Liouic waste",

=



= BB SR g v . Dot ol S -,
i P eevwe & Fewety. MINITLSING SETPOINTE
- o= g “ee Mamiemme
- e - wie - - e -

ne geseous effluent monitor setpoints are establishes to assuce
thetl contemiretions of isotopes im gaseous effluenie 02 not exceer
the .irits set in 10 CFR 20.

The seitzints are established so as to setisfy the more restrictive
setocint cons, ir the following eoustions:
< 200 (e 2.1.1)

- bsavae)
’ / \
t, x (K x (X/Q)

©

[(Le) » (1.1 M) x (X/Q) x (F3))

wheTe:
- Smmdmb - &3 ) ~
t s geltoint concentration, inm wCi/ce.

F: = effluent floe Tate gt the monitor, in co/sec
P T -~ - - < ~3 =
K: = tctel Doy cose factor, in mrem/yr per uCi/m” from table 2-2

ster ennuel aversge etmospheric cispersion factor st the
. |

ce
yntestrictec gree boundary, in sec/m”, from Appencix E Table B-l f2r
vent relegses gnt B-2 for gll other releases.

L: = skir cose factor Cue to beta emissiore from isotope !, ir mrem/ve pe:
Al s Smme Tam o
—we/ 0 - - L™a e

M; = air oose factor cue to pamme emissions from isotooe i, inm mred/vr per
m- from Table 2-1.

1.1 = mrem skir gose per mrad air adose.
50C = annuel whele body dose limit for unrestricted sress, in mrem/yr.
2000 = gmuel skir cose limit feor unrestrictec areas, in mrem/yr

e setpoint concentration is further reduced .
concentretion contributions frorm multiple release [ ~..ts woulc not
comoine to exceed 10 CFR 20 limits

- d 3 :
he setpcint concentratior

- < - - . el - -~ a S
. ¢ SeLlhiarnc €0 b CC"VE. we: O setplint sCele Uniss
- -l - me T dmmarlan Fomenw-
UEINT BIDTCTTLELE CEliDTETION Talliers.



TELE sestic® ¢f the QOO ls imsliemerites Dy Uoesptiome Sronesore
eave™dss RESIPLIC™ Maniter Sveter Seinsirts ens Reslitlegical
SImITIlE Prptegute 1€24- “Relepeing Rasicaciive Ceseous weste'.
Lo - ’-o-‘- .-o;. <
i+ L3mer lsottoes
Setocints for monitors wnich cetect isotopes othes thar notle peses
- L o -
&Te g.S0 estat.isher o assure that congertretions c‘ these
: - 3 ~ T 3 " A
iscticoes ir gaseous effluents oc net excees ¢the limits im 1C CFR 20.
- 2 %2 asdaf, Epns s 3 P "
Setocints gre estatlished s¢ as to setisfyv the “cllowing esustions:
. e
£ e 1500 (ec. 2.2
= T = =
\F,) X \—"/ X -/
»UETE:
2 - i ~3
= getpoint concentretion, in uwCi/oc
' & % - - ] 7
= effluert flow Tete £t the monitor, ir cc/sec.
- - - - - ~3 z - - dommeaed - -
F: = Cathwgy Cose perameter, in mrem/yr oer uli/m- for the inmhaleticr sethwe,
- - ~2 £ - : - Taw" L
Nt me.rrer per ylli/sec for the foos ent orouns :::~u=. ror Teble Z-2.
=
.-
bl toia PO LY . - - M £ &3 < 3 -
300 = gnngal dose limit te ery orpen from particulsies anc iofines gne
odn ] i 14 1 H 1€ 14 = =
recicnuclices (octher than noble gases) with helf lives crezter tren
i;—: l-ay x
- - T34 b : 3 .
= the contrelling sector ennual sveraspe atmospheric gispersion factor:
maximor X/0 for the inhalation pethwey gt the untestrictec eres, anc
’
awi - ™y~ s & = " P
raximg= D/Q for the foof and c-ﬂaﬁ- aa hwav a8t the nezrest exieting foor
2 3 g :
ens groune pethway locetions. Uce Tedle B-1 (Appencix E) for relesses
s ! - - oy ) - o
TO™ The stetion vent ent Table E-¢ L::e' ix E) for ell other relesses.
Tne setocint concentration is further reduced such thet
- -3 - < > ‘ o I 4 % b M s
cencentration contributions from multiple relesse points woulc not
comoine to exceec 10 CFR 20 linuts.

tocint concentration is converted to setpecint scele units
eopropriate celibration factors.

uein
o , o’
This =e*“o~ of the ODC™ is implementec by Opergtions Procecurs
s B hah 2 S Rarin et
1.01.21 Racisgtion Moniter Svstems Ss:::lf.s enc Racdiclogice.
- S g H : - "
Controls Procecure - 1€227- "Releagsing Racioective Gesseous weese".
rASE ACeZe - ™" (g o=y N\
.0 DOSE PSSESSMENT (LIQUID EFFLUENTS)
- 9 2 : 3 1 R NN 1 ie
3.1 Licuic Effligents - 10 CFR 70 Lirits
,
Fer ourooses of demonstrating comclisnce with 10 CFR 20 the
&.." ¥ " H & .
cllowing eoustion must De sgtisfiec:
¢ ey 1 ( :
: (-: * vav') < i \9: - -
. - - —

A )
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- mammp e mne o mm af e

- < < 13 T
¢ Soraersraczion of isotope, i, in the liguic efflusnt aftes

-
-

.
- - d e i
-t Y e U-./ﬂn-.

-

tne maxingt permissitble concentration of isotope i in liguic effiuent
ir g~ ynrestrictec area per 10 CFR 20, Appencix E, Table 11, Col 2
(See Fppencix E to this manual)

2 wiBuit Effluents - 10 CFR SC Aspengix 1

-

re cose foom liguic effluents results from the consumption of fish
ne grimking water. Other pathways contribute negligibly at Three
viie lslanc. Tne cose contricution from all racionuclioes in
liguic effluents releasec tc the unrestrictec erez is calculates
using the following expression:

Fn Fa
t o{etg) X (Cig) X [(Awge X “FRg) + (RFry X Fpg X 0.2)] (es.

L]
ok

= the cum.lative pose commitment to the total DOCy ©r any organ, J,
feor the liquic effluents fecr the total time perioc, in mpen.

= the lengtn of the tth time pesioc over which Ci; anc .
F; are averagec for gll liguic relegses, in hours. .
e the gverage concentraticn of racdionuclioce, I, in uncilutec liguic
effivent guring time pericc &ty from any ligcuic celeese, ir
uois/ml.

"

or Sr-g%, Sr-90, conservative concentration values will be usec in
the cose calculation busec or sinmilar past plant congitions < LLD
values are not usec in gose celculations.

uncilutes liquic waste flow, in gom.

= lant cilution water flow rate, in gom

FRy; = civer flow rate, in gpm.
- 2 Y > - 1% £ - : - &£
OF = ilution factor as & result of mixing effects in the near fielc of
: - - - & g
the :-s:uarge structure, taken to be 5. (C.Z = inverse of the DF
\Gode/
An:: 802 AFi: = the site-relatec ingestion ccse comnitment factor to the
i - &1 AW B prei § Ene aan : > g . T3
tetal SoSy or &ny cIgan, J, for each icemtitieg prinmcind
- - - - - - Nat W7 .0 3 -
ga e ‘ D-.c eriiv el Yy - (1hy /‘.:: :5- Maww e " b ﬁ-
- - - P e 4 & -
facter f': wBSEs Sathway 8nC AF is the factor for the

fish ;atﬂway.

A}
~Y

N
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L -samgs,) L > Wt il \8C ~ic '
- *w

;40\-;-6 Cv‘/Ub-/ ¥ '\;OOE: m;/K;, + (&76’ ! \'.

neter consumstion rete fer acult from Reg. Guice 1.10% (Rev. 1),
teke~ tc de 730 Kg/yr.

2 | § . ¢ ‘ ’ é o

cose convess'‘on factor for nuc.ioe, i, Tor ac.its for “wars: case'
< i ~ 4 ~ v < -~ - | Y | 1 1MC

C:;E' o <" MTEeN. :voy son A:DEﬁ-- o« I8CLE o=l \He;- veal -tdws

(Rev. 1))

awe veélues for Ani4 are precelculatec for escr Iisotope using the

sove ecustiocn. Precalculatec Vulue‘ for Aw:: gre octainec from

vG-oe 3-‘.

fF:: gre oeterminec Dy the fcllowing esustion:
FF::ow (L.16E5) x (Ug) x (DFz4) x (BFy) (eS. 2.2.2)
= cefinec above
= gcult fish consumption, assumec to be 21 Kg/yr from Reg. Guice

-

1,108,

= cose conversiorn facter for nuclice, i, for scult for "wesst
case"” crgen, I, in mrem/pll, from Azpencir T Tatle Cel (frot
=

<
¢. Guioe 1.105 (Rev. 1),.

:10"cun-.e ion factor for n :1;0., i, in figh, in ::;/x' pe‘
pCizl from Appencix D, Tacle D-l (Reg. Guice 1.105 (Rev. 1)).

velues for AF:; are precelculstec fcr esch isctcpe using the
egustion. Prelslculatec velues ‘ot AF; ; are obteinec from
Tatle 2.2. "

% . f .~ 1% - < - | S ‘ . 4 [~ & 2! -
Elterngtive Dose Calculation Methogology for Liguig Efflyents

ernative, mooels in, or based upon, those presentec in

y Guioe 1.109 (Rev. 1) may De useC 0 maxe e comprenensive
sement. Defsult parsmeter values from Reg. Guige .1.10S

. 1) enc/or sctual site specific cate wouiC De useC where

s ) b
" ey
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e wES8s e SEFiosmts o 10 OFR 20 Limits

e Noole Geses

For notle gases, the following ecustions applv for *otal
-

Sosy lﬂ' SKiﬁ gose rate &t the u~restrictec esres boundary:

J
e

.a.2sa Total Body

Dose Rategp = £ (Ky) x (X7T) x (Qg) (ec. 4.1.1.1)
2
WhETE !
Cose Rate.- = sverage totsl body dose rate in current year (mrem/year).
Ke = total body dost factor due to gamme emissions for each
icentifiec noble gas racionuclide, ir mrem/yr pe:
usi/m? from Teble 2.l.
»/- = gverape annual dispersion vglue gt the site boundery feoo
woTst case sector, inm sec/m”. Vglues are obtainec ‘ror
Tetle B-l for relesses from station vent, ang Table Be2
fcr all others. )
C: = ease rate of racionuclide, i, in uCi/sec. »
Tne eoustion above may be mogified by precalculsting the
site specific Dose Factors for Tetal Booy (D--:) ecusl
i the (X/Q) X (K1) portion of the eguetion., These
crecelculeted values for relesses from the stetion vent
ﬁ' for ell other releasses ere presented in Table &-1.
Lolole2  Skin
Dose Rategy = 2 (Lg + 1.1 M) X (X7Q) X (Q1) (es. &,
{
where:
Dose Retegy = everage skin dose rate in current yeer (mrem/year)
i = t.‘i’ c

se factor due tc bets emissions fer egch identifiec
as racionuclicde, in mrem/yr per uCi/m2 fror Tadble Z-1.

) P € i &
io= €T C0se Tactlor cue to gamma emiesione for each igentifiec
-

s mme --ﬂ:ﬂﬁ-|h ie’ < '-v--u/\o mee 72 /n} € 'Fab"e ]

veet LS Ile.aUNUCL - “Ts Vea -l Cea "‘.

-
$ ™ - 5

ded ® TTON SKIN OCSE DET MreC 82T COte., LOMVveTte glr dose o sk
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- £
Mi) X (X/Q) pertion c‘ the ecuztion. Trese

o~..0-n o
L

m ¢
m

gSes gTe Cresentec in Teble L-2Z.

Iogines anc Particuletes
For iocine anc oar iculete leotopes, tme follapine
e:vatlc. ad--.e

-\

Cose Retege =2 P: O, 03 (ec 4.1.2)

-

average organ dose rete in the curre~s vegs

3
"
0
1
<
m
m
L2 ]

mn
»

L2

Ccse parameter for rsCionuclices other thz- nocle ca
tne Inhalatiorn pathway, in mrem/vr per USi/ms, ges ¢
fooc ant grount plane pethways, ir md . pres /e
fro~ Tetle 2-2. The oose fectors gre

incivicuel orgen enc most restrictive

. ¥
¥

=)' o
)

m Mo O

a0

[

nignest caleulated annuzl average cispersio- parsmeter for
estimeting the cose to the critical recestos: X/C for +he
innglation pethway, in sec/m, snc D/C for the foos enc
croung plane pe nways, in m= For He2, o~lv X/Q's sre used
for ell pathweys. Table B-l from Lopendiy £ zre usec for
Tesctor bullcing relesses and B-2 for gll otner relesses

Teieese rate of racionuclice, i, im uCi/se:.

aves veluee for releases frorm the stgtiom vert gns for gl

The egustion gbove may be mocifiec bv the use of preczloulstec

velues cttainec by solving the following poriion of the
ecugtion for each isotope listed in Temle <...2.

(P:) x (By) = ocose conversion facters, (DCFy: = dose
convereion factor for station vent, inmnalation pethway,
DCF v-; = gose conversion fatter stztior ve-:, fooc end
grou :athue\ DCFG; = onse conversion factor, grounc
zel ease, inheiation pathway, DCFgrp = cose conversion
fecter, ;:ouﬂ elease, fooc enc grounc pethweav. )

en ir-,

The precelculated values are civ
stetion ve

relezses that occur from the
releases (ground).
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gamme dose ouring env specifiec time perioc.

TTac dete cose ouring eny specified time perioc.

ir cose fector due tc gamme emissions for egch identifiec
:-;e ges ra:iOﬁub-ioe. in mrac/yr ner uCi/m~, from Tgble

gir cose f

= or cue tC bets
noble gas &P

cto er
acionuclice, T8

eel ch igentifiec
/y ' from Table
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gnnuel averepe relstive concentretion for any sres &t
the unrestrictec sres boundary, inm se:/m’, fror
for releases fro~ the reactor bullcing end Tetle B-2
T relezses.
¥ noble gas recionuclide, i, in Ui, over tne
time perioc.

irnverse of the number of seconds in &

above mgy be mocifiec by the use cf
goteinec by solving the following
gtione for esch isctope listes im Table

(3.17e-8) x (Mg) x (X/Q) = modified &i facter-camme
E-8) x (N3) x (X70) = modifiec air dose fector-bete

ne preczlculated values are civen in Tatle 4.2.1(2) for
mocifiec air dose conversion fact c*s-oamﬂe, for releesses
tnet occur from the station vent, (DCFy-) or from

grounc level, (DCFgr) anc in tabtle 4.2.1(d) for
rocifiec gir dose conversion factors-bete, for relesses
thet occur from the station vent, (DCF ) oF fro

- - -

groune level, (DCFg: ).
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The cose ¢t o indivicual from cesizizzines gane
TESIO8Ctive materlels ir pertisuiete forr with halfelives
greeter tran £ Cays I~ gaseous e‘f.ue~ts relegses ‘rov
the site tc an untestzictec ares is oetermines by sciving
the following expression:
v
Dose, = (2.17E-E) x I Ry Oy Q: (ez. 4.2.2)
gose to an Inciviousl fror rediciocines enc zecionuclices i
certiculate form, witn half-lives grester the~ & cays, in rre”
ocuring eny cesired time perioc.
the cose ;a.. ¢ for each identifiec racdionuslice, I, in, mrer/yvz
per uwll/m- for the inhalstion pathway 8nc r<. rrem/ys per
uCi/sec for other pethways, fror Table 4-Z.2:.
annual sverage cispersion parameter for estimgting the oose ¢ gr
incivicual at the criticsl locetion; X/C, in ses/m-, for tre
inngletion pethway, and D/, in =2, for ciner cethwaye. Ir he
cese of He3 only X/Q's are usec for all pathways.
release of raciciodines, ant reciosctive materizls in particulate
form in gesecus effluents, i, with H"‘ "ves creater than € cays
-n uli, cunulative over the specifies time nerioc.
inverse of the number of seconcs in & year.
The eoustion above mey be mocifiec by the use of
precalculated v=lue< C-.Elﬁet by sglveng the following
portion of the egust Cr each iscicpe listecd in Tgble
5’2-23.
(3.17e-8) x (Ry) x (B,) = correctec cose conversion fact
inverse of the number of seconos in & vesr, ir vr/sec.
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E282¢ &TnJe. Cispersicn perameter for the “"worst csse” sectes
- - el % % ¢ ~ ¢ . 3 2 )
& SC.tiCe. recepter losstion, X/C feor tne imhalstion pethway
<« ‘iz ciner pathways, except fcr We2 gs ncteC sbove

& EoOVe ex:rees or 's sclvec for each isotope anc each
Celnway, using cispersior parameters for the cese where
tNe release occurs vie the station vent listec in

"8tle 4-2.20 8nt for grounc level releases listec in
Teble 4&-2.2¢.

™

-terngtive Calculstional Metnogciogies

¢ @~ elternztive tC the methocs oescribec sbove, the
mooels in/or bases _upar, those presentec in Regulatory
Guice 1.108 ’Re\. 1) may be usec tc make & comprehensive
ccse assessment. Default parameters values from Reg.
Guioe 1.105 (Rev. 1) anc/or actual :*te specific ocste cen
te usec where apsliceble. Dispersicn parameter values
fer such snalyses mey be crawn from Table B-l &anc B-2 e
mgy be computec from site metecrclogicel cete for tne
soecifiec time perios using ec:e::azle models such as
tncse presentec in Regulatory Guice 1.111.
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KR-B "m
KR-RB"m
Kr-a5
Kr-n7
Kr-0n
Kr-A9
Kr-90
Xe-1 3im
Ye-13%n
¥r-]13
Xe-135m
- Xe-135
Xe-137
Xe-1730
Ar-a)

Radiomc ide

Total Dody
Nose Factor

Ky

(miem/yr per a Ci/m®)

7.5GE -(2%**

1.178403
1.6110401
5.9720403
1.470404
1.66E+04
1.56E404
9.15E401
7.51E402
2.90F 402
3.126:03
1.816403
1.47F403
B.03F403
8.84E403

*The listed dose factors are for radionuclides that may be detected in agaseous effluents,

"R7SE-02 = 7.56 x 1077,

TARLE 2-1

DOSE_FACTORS FOR NOBLE GASES AND DAUGHTERS *

Skin Doce Factor

(mRem/yr per o Ci/m?)

1.46E 03
1.34F 013
9. 754003
2.57E403
1.01E404
7.29E403
h.76E402
9.94E 407
3.06E 402
7.118402
1.86F 403
1.22F404
A 13F03
7.69E403

(miad/yr per p Ci/mY)

w P

Comma Air
hose Factor

1.9%F 401
1.2% 03
1.720.01
6178038
1.520404
1.73F404
1.63E404
1.56E4027
3.27E402
3.93E402
3. 36F 4003
1.926403
1.51F403
9.71E403
9.30F +03

Revision

et Air

fase Facto

N'

(mRadd/yr per uf i/m*)

7Z.A0 02
1.970 4008
1.9%F 2008
1.03E 404
2.9%4+03
1.06F 404
7.83F403
1.11E403
1.4RE403
1.05F403
7.39F 402
2.06E403
1.276404
h,75FE403
5.720E403
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