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ABSTRACT 

Eatl.ation of otfsite acddent consequences 1s thE' customary final step in a 
probabilistic asseS5ment of the risks of severe nuclear reactor accidents. 
Recently. thE' Nuclear Regulatory Commission reassessed the risks of severe 
accidents at five U.S. power reactors (NUREG-ll50). affsite accident 
consequences for NURF.G-llSO source terms were estimated using the MELCOR 
Accident Consequence Code System (MACCS). Before these calculations were 
perforl1led. 1I0S t MACCS input paramPter s were revif'wed. and f('lr each parameter 
reviewed. a best·estimate value vas recommended. This report presents the 
results of these reviews. Specifically, recommended valuf's and the basis for 
their selection are presentt'd for MACCS atmosphpric and biospheric transport, 
emergency response. food pathway, and economic inplit pdramett'rs. Dvse 
conversion factors and health effect parameters are not r~viewed in this 
report. 
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1. INTRODUCTION 

Estimation of offsite accident consequen~~es is the CU<ltolliary finill stpp in H 

probabilistic assessment of the risks of seVE.~re nucl!',lr 1'~'i1ctor Hccidt'llts. 
For NURE(;-ll'JO source terms [1,2], offsitp accident cOl1sequPIll't'S W(>1"(, 

Nltim~it.E·d using the MELeOR Accident Consl:lquence Code SvstPIlI (MACeS) ('3-')1. In 
prep,lring for the pt>rform~ltlCe of those calculations, 1lI0';! illPllt f'dralllt'tt'rS for 
tht> MACes offsitt> consequencE's analysis code were revit'w!'d. and for Pilch 
parmnl'ter revipwpd, a best estimate valuE' and an unC('rtaillt'.' l''\I1!~t' Wt'r(' 
estimated. The following chapters summarizt> these rt'vit'w", S.lmplE· MAces 
illPut files for the NUREG-llSO calculations are pres('ntt'o ill Apfwndi:-: A. Tht' 
rt,·mainder of t.his chapter provides a brief overview uf uffsitf' COIlSPqUPI1L-P 

1110 de 1 i ng. 

1.1 Offsite Accident. Pro~ression 

Should a seVere reactor accident culminate ill contair::n"n: 1 .• i1 I ll',· winds ',.ould 
tl-mlsport the radioactive gases and aerosols in the ~'l\J:J\t· r.·l,·,j--;,·d to th.· 
atmosphpre away from the react.or site. Downwind POPUlill io~~ ~ould hp pxpospd 
to radiat.ion, and land, buildings, and crops would h(· l'ot,timin,lted bv 
radioact.ive materials deposited from the plume. Esritf.dtinn of the ral1~'- .md 
probability of the health effects induced by the radiation ~xrosurps. and ot 
the economic costs and losses that would result fronl :1:., COtlt.\Il~i!l,'~ ion of 
land, buildings, and crops is t.he object of an eX-p~dlit ,"'l:""q't"n,-p anai-;<"'is 

[6,7 J . 

1.2 Input Dat.a and Quantities Calculatt>d 

:-tACCS calculations require the following data: 

The invf>ntorv at accident initiation (react"1' <"',~l-i::" l': :~10S" 

radioactive isotopes import.ant for the calc';i<l~ :0r', ot .'\ P:,ll:: 
consequences (e.g., an end-of-cycle reactor c'ort" 'Ollr.;:',., "hou~ ~()8 c: 
of 1311). 

The at.mospheric source term produced by the d('ciOt·I'~ ,,In:;!ht-f ot pl'_l:nf> 
segments released, sensible heat content of t'dch ~<,~;nl:' ~ ... grr.,·nt. t iwe 
and duration of releas(', time when offsitE' nffit i .• :<, <u,' .... dl-Ilt'd tlut 
an emergency response should be init.iated, and .!:.-. :Ll<'~ ion ot eadl 
impol-tant. nuclide's scram inventory releasE-ti ~i:1. .·,1\·h r~U'I"· St"f_lh'IH \ 

Hett?orologicai data charactel-istic of the 51~t' It·.r~,lt':~ -'~:-" .. _il~·: OP't­

year of hourly windspeed, atmospheric stabi:it·: .. .::..1 :·,jflt.,ll f.,H!;nf: 
recorded at thE> site or at a nearhy Nation.,,; '': •. .th·: :--, I':i.·.· ... Lit it'll 
Although Oil€' year of hourly readings conrail:'" ~'., ... ·'·,l·t;d .... "lu...r:Ct·.,. 
most conSf'quence calculations examinl:' only .1 '-"ph'''''':I'.,' i-,'t, ., :h" .. r t.t 
thesf' sequences (tvpically about l ')(J sequel',-,·'" Tth' l,·pr.,,,.'l1t d: i -.-. 
subset is sf'lf'cted by stratified sampling (It :h .. ~ 'h" """i',WrlCt'S ,itt,l 

sorting of the seqUi:'ncf'S into cat'lPgorif's d. f iI', d ~.; loi~Hhpt't'd, 

atmosphf'ric stability, and th .. location (dC)'''::llo':t"t d~ .... ~ jJ,." t.t l,iirl 
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• The populaE'lou dL,rdbut'loll abtmt t:he rua,Qtol' site (the dl.!i1t:rlbuthm 
1s USUAlly C'onstn,ctt'ldfrom consl.l,s data o,n {\ 1'01111 l"ool'dlnllte grid 
hRvlng 16 angular sectors aligned with th~ lh rnmr"~g directions and 
som'~ number of tadLftl tnttH"v/lls thllt: (lxt:t,.,d out wnrd to ')00 ml1(>~l), 

Emftl'Stlllev 1"~Sp0l1S(! lIsstllnpt'Lons «Ivac:unt:l.on I im(' oint! tlV(lnlg(' spC1pd, 
offef't::iverwss and OCl'll1'r~n('(' of srw1.torh\g" ('r!t.,r!n and timing for 

post 'aC'(~ld(>lIt rt"'loclltion of !'l.np'ltl. deccllltdmill,lt 'Oil n'i!~'r~i'l f\I\d 
".ffl\\ct'ivC'ness, tl"llIponn'Y int(,t'dlction ct"it"lid for 1.lnd and buPC\jngs, 
llnd disposI11 Critpl"ill for ("ontilnlill,\tN\ ere';" 

L!wd 1I5Iibt.~ (habitablE' land fractions. furml.ll1d tr[lC't lOllS), :md 
t'C'('l!lomic dllC'.!1 (worth of crops, land, and bllilellnp,<;) for tIlt' n'gio'1 
I1bout tht' rE'<1ctor site. 

l;[Vl!tl these datu, ~tACCS predicts 

Downwind traIlsport, dispersion, and depos}r :(In nj trw rRdioflc!'ivE' 
materials released to the atmosphere from thp failed containment, 

Short - tl'rm Rnd long- term rBdiar ion doses l't'('P i \'pel bv .:>xpospd 
populations vie direct (cloudshine. inhalnt inn. f,1'o',mdshinf', 
resuspE'ns ion) and indl rec t (ingestion) pat bwa\'5o 

Mitigation at those doses by emergency respollst' actions (f'vacuation, 
sheltering, and relocation of people; disposal of milk. ml'at, and 
crops; decontamination, temporary interdiction, ancl condemnation of 
land and buildings). 

Fatalities and injuries expected within or\!' VPiH of ~hp a("ciclE'nt 
(early h{'alth effects) and the latent canL'<,r' dt':I;~~ pxrpctpd o ..... er tili' 
lifetime of the exposed individuals. 

Offsite costs of emergency response action.., and of ~hl' 

decontami nat ion, temporary interdic t ion, ;wd ('ontil'mna": on of mi 1 k, 
crops. land. and buildings. 

1,3 Phl'nomena Modeled 

1.3.1 Atmospheric Transport [8,9] 

As in most consequE'n("e codes [10-14). r-tACCS negle'" c, wi Ilt1 : ra>'c: orif'S. The 
16 compass sector populat ion distribut ions are as',\lJnt'd ro ("onst i tu:e a 
representative set of downwind exposed population.; The f>xposure probabilit'i 
of each of the 16 compass sector popUlation distril'~l'ions is assumed to ht, 
given by the frequency with which wind hlows from ~t,f' si~p in~o the s(>ctOl' 
(i.e., compass sector site wind rose frequencies) 1;indsp"f'r1 rl('~erminE's thE> 
ratE' of downwind transport. Release durat ion and '",' i nrbrepd tiP tf' rmi '1€ p lumt" 
l.ength. Dispersion of the plume in the downwind <Ii n'ct ion is neglected, 
Dispersion in the vertical and crosswind directiol:~ is ~stimated using a 
C:au55 ian plume modf> I and therefore vax ies wi th w:ind~.pet'd and iiI mospher i ," 
stability. Vertical plume expansion is capped by :he mixing depth (seao:;ol1ill 
mixing layer height). 
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'I . 
'\_1\\''',\\ .. ,~\". rt'n\Il\'l,d I~L\.1il1 t~w pllmu. hv \.,.4Ught1UI:, Wt'!I,h \·111\.· ... wl!h rllillfnlt 
r.ltl·, ,tlld hv \1111\1,,1,\11 1\1, lmp'H'rltHl on. 4HHI F.\'I~IVi!,,: '''11,11 , .. 'lflI11~1. onto 
"" I 1.10'\"; TIll" I' ol1lh i 111'1'1 l't'Ifi')v.ld I:· .. H (' b~· t' .'1\UI ~I t' (I (U t I 11' 11111 11111'.11 t i 011. IlfHl 

"'(.fllltl~~ \" nHldt·I.·d Il,·dflt •• 111 (·l11pil'!'·,~1. PIII'I'h'1~1'11,"" d"I"'llIit'II!, ctrv 
d~·\,,' ... il "'II "t'\('It'ltv Ihll\Clff 01: nlll1 <HHi Wt'4rlthc'r'l,l'iI', ol." 1'.,,1',., t"l .. f{l('t~ 
""lh"ldl,rtt"Il" (\1 loId{''\.l\',IVt, jj('rcl<;ol ... dl'p(llllltC'd ('II' Ih., "I(1lll1d D(Al'rt'll.\j(lI of 

1,llli,\.h·t \vlfY b~""""'I' ('I r.llllc'III't IVI" dt'l'dV hi nll!w m".!,'l.·d ~1l1l1y Pfll'PI1t' nnd 
d.·I\l).·h~ "\ 111\,' Ildt .. ,II " t (\1 \\1\.'.''', ~ilth t' .In'",",; f tom! .. ,"0\ )",'11.'1,1: iOIl ddl1~',1ltl·n; 

.• I .. ' i II~. I 1'.1 ~ i t { " ,\ 1\ t ) 

""1",1 ,: i PII .l,·",Oo, ,I I,' mi t !I',d t ,·d hv USl'r' SPt'" i f ll'd , " I , 1 I' ',1'"11',,· ;1(' t tOilS 

'''''',,,·,I''! i.,\\, slil'it,·! :I\~';, <111(\ 1'0',1 '/I('('j,lt'll! 1"'\o('/i' ,''II .,! I"·"i··;'" 
dn'ulI:.lI1dl1.\t [(\1\ t~'ml'0rdrv interdiction, Hnd cond.I'!ll.1i iOl1 (.t LHld Hlld 

hili 11 t ! II ~','i; d i 0.; I' (' ~ ii 1 (1 f (' 011 t ill11 i IH1. !" f> ct m (~ .11 t, TIl j 1 k, Ii 'I , I , I' '\' <. \ 

1"'I'\I~.I1 j"lIS i,), oIt. d on tIll' ~tA(~rs l'ornplltrll io!)al grl ; ; •. t i :,' dr,,,,·,; ir(llll t!tp 

p.I ...... itt!', pluill. \' loud·,ld nl' I. bv ,'xpo ... u!'. to mat Pt i "', ,j, i"··.1 t, II (01\ t hf' grollnd 
<f',l<,·.1!ldshi!l(, 1 , hv i!lh:dation of ldrhornt-' loldiO<ictl". Hl .. :,ri.d ... ((pIln the p]UIIlP 

,)t. tr(llli l11f'Ch,l.l1it'.d 01 wind driv(>n rpsus~)('nsiun of 1l':Jfl'ri . .l.., dt'posited on tht, 

!l!,ro\ll,dl, and bv illf','· .... t ion of C'ontRlIlinat£'d warE'r alld t ·"ds ('0!1taminateo warel: 

.lUI.! ~(l(}ds rna ... cd<;" f". conslImf'd by populal ions off lit tilt (01l1\"ltdt innal grid. 

H<'d:'h efh·, ts ,il" .'.Ilnllatf'd ft-Olll rlose!-- tn "p'E'cil;' 
);ppcitic Ol-f.dn-, dr,' l',l1,'ulatl'd usirH', dO!-ot· (,OfYV('t"!;;):· 

injllrii>s allel t.ILiliries 'rhose that (well!' within I" 

"r,'"ll:'. : ~',' _ DosE'S to 
f d'· : "r <; : 1 t; , Ea 1" 1 v 
,,',. Ir llf '1.e ;~c('idenr) 

usinp, n()!:linl'.;r dosl'-rt'!--ponsp rnnd(" 15 , -. r. c r Itt' :'; i '. ' r: I-""\' i f' W (1 f 

arE' 

f' s t i ma r '" d 
rdO i.it jon 
(Hi) ..... Iwn 

Thus, t 111.0 

f.iVt'lI h', 

induCt·d /:(',rlrh f'fft'CiS ;17) l"'f'commpndf'ci 

(' ,11 c u 1 ,j: i flg hi r 1 v i 1"1 i uri f'S (1 l' Ln ali r it' 
ri..,k (1) Twr pel"c,on of cnntl'iwtinp. a gi· 

'\it- </<" "t H,l""ll-d fUTlctions 

.1, Lt· :" <1.1:1,.11"',;:' t (l organ i 
'1' t'"ri .. Ill'"l:h ('ffE'er is 

"xp I" - H i ~ 

In 

\"']Wl-t:' Di I':; th.' d,,', r",·,·I .. 'pd h',' til. irnpairf-(lor, ,.\.\ -L.- d.ur.lf," 

thn,shold (\()Sf' :hl!·shnlC: ,:,i\'_H'S .. Ht· rnor1v \lnoW"' i: ,~.:t" '-.1 dT1Y 

P () p u 1 :i t i 0 tiC 0 h nt-· I P ') (I ,: is, he d () .; P : h;j t i ".1 tl (' , • '" ;. ; ~ !.' d I" oJ ! t h , ' f j t' <" t 

i n hal f 0 f t Ilf' P :ql II S P cI P () I' 1l Lit ion : r.; \,:,) '·J:11 \ I r· f 0 ' • - \.,: ,i /; i... ci 

pararneter thin dt':"I-minpc, the slop.- of ~L.· d"$p-:, ":"., • i ~ 
.. 

t' ~·Hr..'--. of 
H a zan 1 f 'I net i () r: c. d:- t \.l S (' d (1) torI" ,ll' 1 d n 'J h 0.' alt· : ~ , r I 

" 
l, I', D,)!) val \I, s 

that \'arv .sif.lli f j ... r~: 1 ... ,vi ~h !'-q)():;'Jl" p,'rl"d. ., . ,. ~ , . , ,II 1 .. 
fat iI] i ~ i.,~ '..,it.r .. <1 •..•• h rr,,',' hf' CH\I'-.id h': rlq- imp'·l .. ,,' : ',,' o! <.t',', r.d 

organs. 
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l.ill"ill' qu"dratic, ZE'Tll-thrt, ... ho\d, dllsp'rpsponse mod"l" illt' I'""rnl11"llil"d by 
S,'\'(,l'd\ !"t'('('nt l-t'vi('WS ot mortiilitv (';juspd by radl.l! j(l" 11ic!lll·,·d (,iil1l·.'r~; 

ilK ,'n! Howt'v!'r. thp qll,Hiriit ie port ion of thp mo,1,,\ i'> IIPt iml'ortilI1t, Wh"11 

\ (llq', ~t'rl1l individual p'<pllsurr· ... ar .. limitpd to {') TIIll', :11 ~() ','1'011,'>. d .... i!-. dOlH' 

ill ttl(h! COfl<;t'qUI'rlCI' ".11 ('\11,1( iflll.... AC('ording,lv, call,','l t .tl.d j! v plI'diet io~',<, 
.Ih· llnt'dl' loIith dos,' <'dIH·l·r t.trilli:\' pn·dictiollS ,n-,' IHo! dhol •• '.'S lil1"iil' with 
"illll,',' t I' I'm m.1~',n it !ld.· h .. ", ;Ill'>" d" ... ,· j" .1\'(11 cif'd hv e I "t' d i ';\" ..... ;\ .111<1 hv 
d.·, "l\!.lmil1.tt i()!\ <lilt! inr,'rdi" :1,',1\ ot l.1l\d dlai h'liJ(1:~I~''''' 

FC('!lI)lDlt' l'()nspq\lt'Th~t'~ /1 .':-1' t'~>f in: t~t·d hv 
~'V;I<'l1.1t iOll eo<;ts, t~'mp(lriil-V r,·lo,'a! I"n l·"';t,, 

,'osfs (,f dt'contilmif'atillf, liitld dr"ll'·ljldil~f,s. 

,fond 

t ht.> v .• 1'lt· I' f 

: : ", .. -., r it: ~ , r Ii:! ~-•. 

~H' C .! I IS, - t h p V 101 to r t' " (l Y; ~ ami n.n f' d h v d i r t, ( . t d f' P n <, i t i 0 ~ i "! r _ " , ~ q.: .1;':, t h.· \" d . ,! " ' 
of LlIrnlal1d iind of 11(llltarm ,,)mITlt-rcLli. puhlic dnd :I,11·:i,!-...,; 1_1()~l' ['" f:,!: :-; 

ellS r sf,:, I 

pC" .. 'I- r. ml'd jed! " d i'f·. 

"'tA,'!'') 

dam;\~',!' l" th., r!;i"~(,r. t h., I' 
lift'-..,h,,:f,·llinr .d,d li!iF'.ati 

: ,'I'm orl" YJ~-'(i~~]'t·r ~t"t If.'[ll't' 

s p v p r... "C c i d p n r S .H·, 1.' :Hi : (I "Co"" ; : , ,. r" I ~" "t 
nt·f.lir',ihl.';1T T"': .... · .• !.'>:.lI~ia: at ':\"'[1,,1,,:, 
tht· 1: imt' of thf' rt,lt-'.i.St" l'.~'!": frp i: ~'.; d.:~t~t () r' 

ir',~('I:<;f' r.d!' a: '1,., r irrlt· (,! 'h., 
I .1 r f.c' 1 v ,,1 i:n i ; i ,-I :. h,· .. 1 ::1 t t f •. , • 

r t· ~ ,-'.:i '-,. t' p 
, 

11". i . t 

d~li! 

~t-. ; ;. 

Jr,' 

!; ~ "-. t (. t 

: t J 

, . 

" 
" 

• ., .. r 

t I ~ : ' 

, . ' 
" 

, , . 

H 

: ' 

-, f .. _ 

I ~. 

f .. At 'f • CHAOIIC 

0-'.., .... ......... .. ~ .... 
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Bli'I.'<I\I'lt' l'OIlS('qlh'TH',·S vary with SOUt"l',· tl!'nn m/\gnltlld,·. w(· .. tll,·r. "lid populatioll 
dll'1\ .. lt .... to d,vl'lop statist!l'"l distributions of (~Il\l~'I''llll'lH'1' 1lIl'rlMlr(>s (dosl's, 

Illl·altl! "ttt-ets, cost.;) thlll lIt'pi"t tlw Hmg(' dnd pll,h,lhilltv llt l'OIlSPQUt'1Il'('S 

t(:H th.· 1",,,·tOI b('i11f, t'x.-tmiIH·d, C()lIS('lll.II·IIC{1 aSS'~SSIlI"liI~ IllIP,t l'xillnillt· IlIl 

po~", I hi\' 'IImh i lld t i !In" (II' r"'prl's,'lll ill i \'~. SI't s of SOli L' I' t t' I illS . w,'" till'}" 

"'jlH'lllt"' . .Il1d 1''(~HI';,d POPIl1.llioIlS t~'.\lillly distr\llI\! illil" th"t display th(· 
\'.ill ioll ion of '·OWd·qlll'Tl('t· .... with .... t·alh,.·1 dlld popullit j"tl 1l'·'I ... il" .11'1' tirst 
d~·\'.·l"I,.d tIll ".1('11 1"I.lt, ..... \·llt.tf\VI· Slllll'" t"'rlll Thl'll .1\1 il\l.·~·.ldl (\t·pictioll or 

"~"hl'q\II'lll "'. 11I,IV h., '''"!'.I ru,·t,'d hv w,·i)'.htt·l\ Stll1l1llilt i'>l1 .d tll'·'.t' ""\11('(' tprlll 
.\"p'll,I"llt di~(rdlllti"l1s, with hllh di~,trihuti(ltl Wt'l!·.lllt·d hv till' .'stilJldtl'd 

.. b·,,>!lIt., pII'h.lhilll\' lit O"IIIII'lI't· of its ull(\prlyitll', ..,,,111.,, 11'11l1 

I ' 
I 

IR 

'j 
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L'ni~~d ~a~it'liS S,i<"ntific COI1lIp.ittt"e of Atomic R,I.:i.,r!r.>::. S,l'I:Cf'S and 
Ettp,·ts ~ln l"r,:.~in, RadL'Hion, enitcd Nations. ~':. ~ .• 

Ad'.-i...,ol'V C;)n:.r:i:t".,. ('ll the Biolubicd1 Ettet:'ts . 
r..t t t'ct 5 0:1 P"i'U L, t 1()1l~ ('t Expos'Jrt' to Low l.e\·, 
~;"l ion.tl A,·,.oi.u .. (If S,: i"n~'f'5, :":asbington. DC, 

:"!I:':lll~ k<itlLHion, ~ 
L~~ l":.i ~;n& Radiation. 

.... ' 

D,'s,' ell:.! !":~ U:.,~rlh';~inn in '~uTle 

Lo· .... ·LEi 1\.)·h.l~ j,,:.s. ,\.:RP R,pt No 

l! fldence of 
Ot1 Dos!;' - R("s~ ~. _::.!.. :.J": ~,'2..!I'ih i.ps f2.l. 

R P ~, l: ".. t ~ .1. t."~"(""1"i,' F:'..,k~~ ,~)t ~\t(·llt" .. I' ., :,' ~_-',_,!~ __ A"~'~dents, 
";.lnL /, ~at i0n.-11 l.ilhnrat ('ri .... s -\:"''1,-:;: •. '.:01 1<.}8 ... 
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"'II If \""'" dlld ,'llt'l f·.it"S ('IInI'lIl1t!i ,'I ~il'll~ilh1l"' h.".4t 
01, r. 1'''\11.'.1 hv th,' 1'1"""'" of til .. !-ot'f.n"·" , '.., 1· •• 1'~~:1~.' 

II,t"I,.,'d d\llil\~·. ',·1.,., ... · I'h.· 111\1\.11 "''I'!ll'lll .",' 
, I \,1"'1. 'd'~'lll"II' .\1.' 11''('1 "'p"l'itl.,! Tf n'I!:',:.! 

., , : I" 1. ... .... ~ • . din" . t1., I "11'. I' .'!1 h.· "",'.1 t 11 'it· r 'h, 
II! ., 1,1, .. 111' II I''''. ,i !,"lllt ',1'111 Ct' ,',ill h.· '>1'(" 

t I" .11 li'''·'I,III·r,· III ht, 
,It ,(\11'1'''''\ f \ (IT"',. r 1'\1'10.1' 

l'l"n>o' • .. ·1'1111'111 1"111'.1 hs a1"I' 
.i"1 ,1:,'11 .III.! fit.· .1'·I'I'.lt· .• · 

,.: 1 '! r I' .\ I lilt 11'.1011', tit 
'It 11 .1 I" Ii 1 d i I'),. 

• I' ·.'.,Jll1d 01\1\1.1",\"11', 

1 \ 11 .1"., 

,111111.,11 '.I "1'11 i,'.11 will.hpC'('.t th,t! I."" 1"·,0· 
') d. I., I lid Ill'''' wlll't IH' I hl\t'V,ll1t I' I 'lin.' S ", 

I • I' I • llIH t. 11 P',' .111, V 

I" P \ 'liP, I' .' ., 
.\,'t 

I l",t' 

I '.t 

~ I II' 

1,.. 

..... I: 1.1·, i" 0 d 

1'1 1'\'t'l1! .·d 
,\, l' 11111\" 

.1 t 10·1.,.\"'" t-'quill <; 01' I'\"'t·~·ds 

\.,'hpl1 til .. wlndspf'f'11 at rf'l.'MI, 
I ... ,·, io.; .t! 1" .... (·0 .. ll1d tht' Iwl~~ht 

\::. I 1.,1 •. 1· .. · .... ·illd·.pl't·d dt·tt'nnln.· ... tht' l.lft·s ilt _ '. 

" ':"',"'1: i" th.· d., ... ·l1wil1d cill·I, .. t illll • .'111<1 willo til 

!. '1:I'ilh'" :111' dlr,·,'! inn <'I trit\.'t'\ Ao;; I'> (\OIW 

~!:\ " .. ~ 11"1'1. " ~ W\lI.t tl',lil'('t"rit·" Tht· <;j. 

"'i' :,,( i')l1 di·;! rIb·,: j"",,, art' d"<;\lInt·d I,' ,('ll!-ot itll', 
!,,\,·.'.,jpd t·:\\",,,,,,-\ 1"'1'\11 .. : ion... 11H' t'XpOSIIH' proh ,: 

.•.. :';' ........ ".·,·t.)1 l,ol"rl.ltioll distril~lItinnc; i .... a,>!>\lm. 

~I. j'I.I;,'", ..... ith ... ·hi.·h wind hlows fi()TI' tllt, .. itt' lr,' 
, '. ' " I : ~ i ~ " '.... 1 !' Ii 1 ,.) ... ~ t· t! P q U t" Tl (' i f" ~ ., 

"I: ;1\1'. tr.ll:·'I"" di'>l't'['sioll ill rh.· vI·rti. <ll an(i 

I: ' 

. \ 

I' 

1, ... ·, 
t l ' ... i tld"i" I d, 

'11111 IIII' ('Iit 
I' 1111\11' 

I, .11 

)' II"" I') ,Jr.' I, r " 
I 11,lt f) t r.-1 t ,I •• , 

i '0. < t! of 

.' •• I, ,,! [110' 1 h 

" . t ! t 1 \ \. .} It 

, .l"'l\:,·,l, 

. ' , ' ... ·1 I I) 

,. ~ 

.!: I.' : :011', i .... ,'.t 1:I.lt.·ct lI~inp. ,1 l.oIIISsi.Hl plllm .. · IT ~ . 
....... d,,/,o nd ,III .... :[1.("'1" ..... (\ anti on atmospht'ric stil" 

.1,.·,·.Lill cli ... : r ii,,,' i'"1 of t-'[tch plump ".-gmi'llt is 1>; ! ' .. , '\ ' : l' I 
., 

,. ll,'!' lin' 

.,', : [ I (·.d d i "'p" ["d (I1~ i ... h('III!fit'd h'. t lit> rl""III.1 .:111': • 

LI';,· IdS sp"('if i.,,\ h\· illll1'lid or <; ..... i<;oflal mixillf " 
:1: , , , I.· 1 t" d a', t (\ t ,il E' f I p,' tin f. 1 a',' t' r <; II sill g Id r J'( : 

: f,.. rl<l[:<h., " t I't • ",' ion ... i PC 1'1',,<;,35 as r 1'<1\',:·1 t i; 
,!i·,:rl~l\lt:.", tIt 1",,'1; !'!'IlP" s,·.'.mf'nl P.·.·lltlJ .. 'I11\' hE 
:' . .!. ~" d t::, r., d t .•. I I' 

i :i 

;1 t· r (.', l' , • 

t' " 

.• rt· I't"'f"\'"d f r,'~" t lt~ l'1 1111!" h\ '" 

, • I .'\ 1,',' d i ! f q s i f) l! ! ('0 i fill'" i ( : 
i !. r. l 1 ! ~: () ~ . I I 1 . I '. f' '-• 

.i~,j '.(' : J i:l~'. i·. ;r.,d.·],·\ 'I',il'), II: "'''i' 1 

d ,. 'I' 0 '. i tIn 10 \' •• 1 () ,: it·.' '. .. IIi. S ... l 

,It !II ,(,I (..i.· ... (i: .... • :~l\~T i'lfi i ... ~ ,fi·,oifit(i lr)~~i 

;1 ~.~,~ ~lt· "i'~' i ~ :t'ri ! \ 1 ('.1 r, 1·.II;.'.'~ 

1 ~. % 1 ) f 1 (1 : t ..... ~ . " ' : f.! .. ,j. 1 : t ~. ~ I.. J i I ~ t • i r I , , It· ~ 

, : I ' ;. , I 1 ~\ i t ~ i) I ~ ( I f , • i ! : I' j I .. i -0' t: • to, , • r t·' i,. 1 c~ ( \ , ~ t f \ f ~ It' !, " 

dl,t.Clit:ttt(! I.ll~ r~'i' 

~T'·'~,·,1:1~i~ .. i~~'~ r,:~', ~lt 

•• ~ j 

t ill1-... n 
1'1"···· i ",:'> 1'; 

IL't .11," h'; \01 •• ' 

d,·po" i· .. <1 .·tJn~ 

) , . 

i ~Il 

, 
',~ ~'!~' I • ~ ! ! 

~ , ~ ..:.... 1 

II' 

I:', ; . 

..... . I: ttL, \.I.':. ~, 

," 

1· l ~ 1 '.~ , ! I ' l ' 

" til' 

l- I. 

.. ~ \ .' " 
t' I .• ! 1 1 t ~ ... 

OAGI0000919 00015 



I" 
(' (~fH' ~)fl t r.H \ Ofl8 (:) f 1"l\d h14U" t t Vf! ft\A te r l"d s d~pf,ll!lt t:~~d on ! IH' g r lllllld \11(' l\ t'11<' r i "~ ... 
!s 11t~),'h'h.d u81f\~!, Gnh's N4\,I"eion l11!,. R~hsul!lJH~".slot'l 1-, IIIIUII'\I·d It'd!1l~ 
n·~1I1Ipt·n ... lun t:;l~'t(lIS : 1(11 thin lHI:Ompt to r~l}ll'ElSent: th,' oI\"·I.q',t' 1·11,·,'( (11 
rt· ... u1Ip'·nsl\ln h ... ItImw prnn'!lisos at "f!l~Y dlf'£til\'ent rlH:[)" llit'(lII)',hnllt 1I1lf,t' 

\t'fHH1'i Runotf \'1 IlIodl·l,·d by (.lssumins that' some fll:<,',\ Ir.ld;,," (lj lIll 
m.I!I'rLII., Ildtinllv d"I'(\'iih~d onto lnnd Is nlptdly trll".I.-llt''\ 1,1 ..... (JtI'1" h"cll", 
.. i!h~·l \liltIng rht~ \llli \',11 r/lin (''''1''1'11 elr hv 1"1l1n ('Vflnt', rl'il! ,,, "lIl' v.·rv ~;oOI1 

,dr.,1' It,,· in\!i.d oPpll~.t!llm 1121 \II,pihnlt is modElled .I', ,I lil<.1 nrdt·" 

:,'\111,\',11 \"\1,'\";'" !hdt i.., \n\f'!1.ralt·d OV"'l' 1111 till1(, aftf:'tl II" 111\'\,11 llf'l'tlslli(II' 

1.' Ih'lrt·<t<;" ot y,ldi"i1l'livltv rilll' tn r;\I\jollcti.Vf' d,' d",' tll'.lt', "Id.,. lil'<.t 
1',.'1'('1',,1 illr' ILIU/:,l!II'1 ~'r",h\('t<,. ~,I(ll'f' do<,!,,'; from ~.t·('ond 1',"111 I,l! 1,'1. dol'I!,.!ltl'!'<' dr" 

i 11', 1 j~ : d I 1 , ' ,Ill t 

• 1 , 

Tdhl~ , ; ~',i·.'I"'" ~IH' ·.'.d'It'S rf'commf'nof'o lor illitial pl-.III', I t' I' •• ~! W..-l k t' ) 

,~i!"'l1"':''1''''' tLlI' tIl(' ~l\'''I'S ~;rHEc-ll,)() c<ll(,lIL~li(lns 

T.lh :\' 
, 1 

I \'a111(~~ fOT' Ini t i"l P1llm(> DIII'I'll·. :"1,", 

P,\'1 um" 
P t' ,le : • 1 1~' .. l i \ 1 ,:.. R~ 

~ur r 'j '.) (I 1 (I - ') r. 
SPq'dOVd\, ':'1' lO-40 
re,,,'h Borrom ')n l(),,)O 
,:riind Culf 6il 1(,- 6(1 

i:I 

h 
BrILDK - Buildin? heig,ht 
BLILD~ , Building width 

Distribu-io[) 

l'niform 
~niform 

l'niform 
l'niforl1' 

40 
40 
)0 
40 

~. , If,··h 
-.--~--!.!.-..:....~. 

1'1 

1, 
L 

, , 
I' 

t'nitnnr. 
\'n if prl1' 

'r.itOl·W 

-------- ------

] 2 Discussion 

In MA'-'('S, the val'lE's spf'rifif'd for Bl'ILDH ano Bl'ILDIo'1"-,r:r::" tLf' ir;:tial 
sizt-' at th,' pl',lmp ur"n f'SCc1Pf' from thf' wakp of the rE', ','r \;11" It ~'-.t11v, 

initial vaiu("s tor .7;>: rind r7 y , thf' vf'rtical and ('!·nss .... :·'j c.' ,:,'ir,l d.,.;,I~i(>r", 

(,f t h f· :' d \ j<; <;j ;j Ii pI, l:n f', d t- f' C Cl Ie' dar (> d tI C, 1 n g t h f' f (J 1 1 {, ~ , ',. :. : .' i" r , '., : '.1 

B t' I LDH .1 1 'I (J. 

RI' 1 LDl.: = !. 1 (1 y 

Tlll'SIC' "qu.HioTls ,11\r'· ... ITb:inf, of thp pll!mt-' into thf' r< , 

h,,' flr<;r<,,':cirog (ro<;<;wj:,rl plump dimt"nc,ions upon PSI-/.:. 
,hi' ('l"o<,·,' . .;ind dilT!(rl".i(\~1'" (,f tht-' wakE' and thf'T' ha{'Kl'il:' 
':i r l .::,1 l".ir,1 <'('0;:, t tor il plul'Pt-' wi:'h ~ht-,.t, dim~'nsio! 

~. . 'r ii, t ..' ,l'kt' PC",' 1,~ 1 r.) 
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SOith tht'"qy IUb] and t'lX~lill~1111entll III HU.U~4' .. t: thnt .~ pi 11111" nt\,·.Hwd trulll II 

blJilldll'~~ \Iud .... t\lrhtll,'nt: eondttlon8 wlll b" ontru!,w(\ hI,' 111(' buildillg'fi IIIII}((' 

,m~1 bdol\' "!iI~'aplflf, !t'OI1l that \lake wUl b(~comtJ \1(11 \ whit! tlllOUf,lIout il S 
VO,butH' As 1U".l, lUi wlndsp~{'ds ar{l stgnlfi(~nnt. 1I1i! I ,1I1IIh' III .\lld tltOl"{llll'.I, 
1IIIxlnt'. '·"llr not olllv wlwn the rt'lt'ast' oceurs fl'OIll I tit' I ... , f.1l·I' of till' 

h1l1lldll!r,, hut i11~1lI trolll Its sid.,. tup. or upwind '.H'" HlIWIV"I, \O!J"11 

\'01111111"11-, .'llt' not tllrbul"IH, tilt, phUlil' i!l 'lhst'rvc'd Til 1".1,'1'" tlolll I Ill' W"kl" 
b" t \1', t'v,om 11I~ wl·11 Ill! )I;('d t hrmlp,hu\ll i tli hd 1 vol 111111' 

lh,.." "!·-,I'rviitloTl!o. ~;l\r.r,ln.t tll,H St·lt'(-f iTig v.il\H's I", t'.l'll.I)il 011.' Pt('ll.l)W m.IY Tlot 
h(' stl,Lif~lltorwflrd For (>Xlllllpll', tOt n'lf'ase £'1"0111 d Il,,·tolllf.ul,1I building 
lIndt'l :' rhult·nt cOIHiI! ions. tht? ~'ro:;swilld dinlt'llsl",,', 01 tl", WoI\o-.t' ... ·i 11 (it-PI'THi 
on tiH' or:t'llt,ltioll uf tht' wind rplative to thl[' bllildillf, M .. r"(IV(·r. wilt'n 
tlllhu\"lll~' is millllll.d. initial pium(' dim('nsions UI'<l11 ,"" 1\'" flllllI tll(, huildilll', 
w •• k .. II.,',' lot' !Dud slll,tllt'r than tht' crosswind dimt·f1'.l"rl.., ,J( ttl<' ..... dh· itsl·ll 
!lidt'l,d d windspt>t·ds art' Vt'l'y low, initial pluml' dll1!t'[\'.i"II'. rll.lV tJ(' much 
cII, .... ,·1 :' thp ditllt·T\..,\llflS of tht> holf' in the buildiq' ! 1,'ln I.!dch th,' pillml' 
h • ..,u.". : !"ill t \) t ht· dilll.'nsion<i. of the bui Idin?,' s ....... h 

Exrt>l'i·:l'L: .... 'lIsp IndicatE> thi'it whE'n prl'vailing COl di! j(lli· .. 111' tU1Lu\('nt, plume 
",I'll"''!' i' '.\1 l,q.>I.! th .. t downwind sizto soon bl'COl1lf", 11Ilkl'tl:,I.\[\T (., !o.i::l' upon 
l>S'd!.h tll)m th(· tl\l!ldin~ wake. Therl'fore, use ot irlll i.1l pluJ1lt· dilTlt'nsions 
approJ rLltl:' for rt'lf' 1St' under nonturbulpnt condit iOll', ..... i II not l,'ad to 
signi~il'oillt errOl .... if applipd to relea!:E'sunder turhul,·!;\ conditions. But 
tailu:t' dim~'n!>i()n<; art' not knOlo,n for Nl'REG·ll'JO S<l"-IlCt' fl'rW'i and nu ~imple 
mod~I tal mixing int[l a portion of a building wak,· is dVdiiahie. Therefor£>, 
the srf'cification of plwD(, dimensions upon escape trlllr. tilt, hllildipp. loIake whpn 
condit i .. ,::s are l1ontucbulE'!1t must be largply a gue:-.~, 

SincE' s(),:~t' mixing into the building wake will occur 1oIt."'~I'vt'r tht' prevailing 
wind is y·Pt stagllar:t. use of dimpnsions significallt lv l.ngf"r than the 
dimensions of the contairunpnt failure spems approprLltt· This loIill also be 
correct f(,r blowdololn plumps where dissipation of lb· 1:'1lt'lgV of the jet 
product-!:. substantial expansion of the plume (e,g., a jet that issues from a 1 
m2 holE' I.'ill produce a plume .... ith a cross-sectional aI'., •• of about 100 m2 after 
expansion dissipates the initial energy of the jet l~ Th~r~forp, somp .... hat 
arbitrarily. after rounding to the nearest multip:t' of ) m, the dimensions of 
the n'actor containllwnt as read from FSAR dra .... inr.., 'I')·\''' an' gi\"pn above for 
BU I LDH and BU1 LDIJ 

2,1, '3 t:arrelat ion ... 

BUll-D1l iHld BUI LDt.; wi 11 b£> strongly corrf'lated wi t h prt·\.';d ling atmosphl"ric 
slahilitv. S?t'cifically, whf'n unstable (Classes A·C) or nl:'utral (Class D) 

atmospheric condi~ions prt·vail. the plume will b~'('()mf' wt'll mixed throughout 
the wake cavity hptort' it pscapps from thp buildiflR wak~ Th~r~torp. whpn 
unstahle or rlf'utral conditions prevail. valU('s af tht' upl'f'r end ot th~' rangE's 
sppcifipd abovp f0r BCILDU and BUILDW should bE' 1I',t'r\ l'otl'.'I·rs(,lv. when stablE' 
atmospheric conditions prevail {Classes E and F), tb" plwDl' rn .. y l'itlwr not be 
complptplv pntrainf'd into thp buildinF., wake or, if c(>llplt·~tlv t'l,tLdlwd, !'I.av 
not bl'COWl' w.·ll mixf'n throughout its volumf' ht·foll' ... ..,. "\,,iT:)" 

].J 
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Therefore. when stable atmospheric cond1tion~ prt'vai 1. vfdues at the lower end 
of th'l nmgos s.pee ~_ fled abo ... ·il\ for BUILDH and Ht'I l.DW sllOul d be L1sf'd, I~t'callse 
SUILOH and aUIl.D~ 4\re both cQrrelated in thc) 0., ,II\(' ..... ;IV ..... ith atmosplwric 
stabll1t: .... , th~y are also positively cOrr(!latht ..... ith l"ach Cltlw'r. For blowdown 
plumf:1s, RUILDH and BUILD\IJ will also be stronf,I',' ,md posi:i'.'l·lv corrE'lated with 
thl' enl'rFS of the blowdown Jet Finally, f01 1,1ulI1t"<' !lot initia:iz€'d hy 
hl,,~dll""'11 the ndtUl"t' of thE' corrf>lation of Bl II.PIl and P,l."Il.lli; with fltrposph(~ric 

~Libilil'.' may caUSt~ thf> distributions of thPh.· v,ni"f.l.·., to In- hilTIodal, having 
~ln'111 V/t:'U~S when stable conditions prpvilil ":,,j 1.1:·'~' \",1\1.,<, ..... bl'rl IH'lltL'll or 
unsL,blt· .onditions prf'vail 

} P1IIllll' Risf' 

':.1 Rrcommenddtion 

\'ariabl~ 

SCLCRW 

SCUDP 

SCU-:FI' 

Table 2 2, Plume RiSE- Sc",; l LlI' (I: '> 

Summary 

Linear scaling!, tUI' OT' thE> C~ ;::,'.1: '.;:!~d ~t.· •. i I',',' '.J,c,t,d in 
MAces to detennit,€' W\""',I' hno .• :' ~<' .. :~,,, '~iL bt' triii-'i-,.d in the 
turbul4:'nt wake of th", tl';-, !In' ",:>L~:~ ,";:;<.x F)~' a:lv 
release. if the wind speh 15 .·: .... 'e'·: ::.,,:. ". ,: ..•• rl-,"!',- i ... 
assumed to be trapped in t' b.: :.::: ... '~'.,r:, ~ ~,<'r".h', r:-"":l'nt ing 
pl' me rise. By scaling th~' v ... l .,' ,·t' "., '-!..; '.; ... ,,'! ,.,:: 

pxa'ine the effe-ct ot tht- ('rit.... :~;".: '" : 1"";' ~r"l1'! tht> 
bUl 'ling wake on t~1E' OCC\\lr~r1(', r' ,':, : .... 

Ba~1 ,Iue: 1 (' 

Linear scalin. ,c[or on th", at' 

occur when th, 'rf".'ailing .HIll'C 

characterizf>d bv stahilitv ~lA 

Ba!-.f?' '.".:lIuo?· 1 n 

Li Ilti8r '>ca 1 i ng t ,ict.q un ! hp '" 
occur whpn the prevailing ar~ 
charact.rized bv 5rahillt~ rl. 

1 u 

, -, ... ~ 

, ~ . 

, , ......... 
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rh" p.Hdl1h·!t·1' V."lth"~' th.1t dt~t,>rmln,·. plllmf' ds(' an'" jill II .. ld ..... ilt,d in MAces. 
Ttl\' H"t'r ~·.ltI l\1odltv t~wm \'nly by using tlw sc.11.1ng :1.111.>\, .. S('I.t:W.·.'. SCLADI'. "~I 

SL'U(.FP A Shllrt {)Vt'lvh.w of thl" plum€' list' fot'mulll th.1I tIW<d' se,ding fac~"l' 

1I11."ItI'\' i-.; Plt,~.t·l\lt·d lwlow 

M.r\I'L~" \l~t'" II' dt'tt'lmint' if huoY/inl plllmt·s f'scap'" frolf!' tilt· 

l'l'ill'tl'l l'1"lIpll'x h.,ton' rlwv dissip.lt w III I nf their 1>11('\'.111" 

wind ~pt>t·d is dt'fint"'c\ hv [1; 

~l1rt"dl'llt w"kt· ul " 
TIll' l'!' i t i,' d 1 

l'e - (q 0'1 F/l.) 1 n 

whf' [t' 

F - bUl'ViIT1CV tlllx from thE" sourcE" - 8.8 x lO·6Q, 
Q - f'twrgv re1e,ls€' ratE" (JoulE"s/s). Rnd 
L - suitabl ... lellf.lh scale fOl' the reactor buildin.· ,:1 

This expressionwds first suggested by Briggs ,It): ,11:.1 i,j'tl ~"I't'IIrr.'llt.tl. 

confirmed bv Hall and waters during wind tllnnE'l eXptl ~:T"·l1t., • .... ith ! '~{I(: <,,";" 
modf!>ls [1], However, it should be noted that the Cll:i,',d .... l!ld "pt"'t·d do ... <; rH" 

mark a sudden change in the plume position as ground 1,··.·<·: ("'\'( .-nt Lit ior:~ 

change l •. 'latively slowly with the buoyancy pari'lmetel F oj,:. Sa:,',· th ... 

coeffilic·nt. 9.09 is uncertain by something like an l'!,'l .. ! IT,I.-r::'\l.~t·, !', '1'\:,,' 

be uncertain bv ahout a factor of two 

SCLADP is a factor that I inearly scales thE' amount "~ 

MAces when the pre\'ai1ing atmospheric stahilitv el.;, .... .., 
plume rise formula tnr stahi lity cl<'lsses A through: 
2 15 in Hanna et al : 1; 

when· 

l6Fl'~x·"3 
t . 

.c.h plwne rist' dh()"t, r~l(>a!>f' h .. ir.ht "!I' 
F ~ hUOVillH'V fIll'; p<iLlmetel' fmt'/~~J 'D R K" 11,·1 
Q - {nel'g.v n'l,,'as!" latt' IJOlllp5.'''' 

X - do· .... n .... illd rli"~.-\".'€" 'I!') .. Ind 
L' - wi no <;P£'f'rl ,!'r. ',' 

The dbove exprf'c;slr.n ic; rhf' St· ,·allt·d ".' ~ taT.: .. wI 

studies .'1nd lahorii:(l['v d.:I'.'l In lh:.f"'fln,,·\'- \. tht', 
the (oE'fficie:lt 1 f, r·n: hf' {'xp'''(,!'f'd t" h., .... \·1.,II;i~"> 

value of ..... h must he 'Ii" ... r~.lin h ... ar 1.-<1!'>t ,I t.·~'i'tl\r 

i" ! . :'~ -. 
:.., .\ 

'," ., ,1 1 l' :~...... . ') i ~ f 1 ! ,. i 

" 

, . . . .. 

I 

l 
I , 
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.~tl-iF" iii, a t'actor t~I/U llncHu'l,Y JIICahil th. ''''OUIll of .'h~m" rlU! pI'fldlcl'ed by 
"-,Cc:S ..,two th. prt:<vnl U,,& AtllOsphede NubU tty c 1 ,.KIl ... F. or F. The plum. 
l'h~ torlflula f(lf stl,htUty d.IUIU!· .. F. 4md F h Equ.,tlon 'L II) In tlnm'" CIt AI. 
I '\ I 

..,Ift .. l' t' 
,'\h - plt"'u' rls(' .thovfI' n·I,·llst.' tlt'ighr (m). 
r - b U 0 Y ~ Ill' Y nux p 8f an't' tt' r ( mi. I Ii .~) - 8, 8 " 1. 0 . h Q, 

I.J - f' rit! r gy rt' 1 t'" S (> r It t (' ( J 0 11 1 (> S / s ) . 
I' _ wind spf!l'd (m/s). and 
S - stability par~meter (s •• discussion for d~tnlls) 

- (g/T) (dT/dZ t 0.01 Kim). 

g - gravitational constant - 9.8 m/s 2 , 
T - amhi~nt tpmppratufP (K), and 

dT/dZ - vprtical tpmp~rature gradient for stability clRs~ E or F, 

In NRC Rpi,u}atory (~uide 1,23 {20], dT/dZ is expnc,sf'd hv 

dT/dZ - -0.5 to 1.5 KIIOO m, for ClASS E 
dT/dZ - 1.5 to 4.0 K/lGO m, for class F 

By taking the midpoints of these ranges, we have 

dT/dZ - 0.5 K/IOO m - 0.005 K/m, for class E 
dT/dZ - 2 75 KIIOO m - 0.0275 Kim, for class F 

After substituting the above values for dT/dZ and 288 K (thp refprence 
tempprature for the standard atmosphere) for T. WP havp 

S - ).lxIO- 4 , for stability class E 
S - 1,27xlO- 3 , for stability class F 

These values are currently hardwired in MACeS. Note that S is a function of 
ambient temperature T, which could vary from 27G K to 108 K for a site with a 
temperate climatp 
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2.3, 1 Rt~CO(1Ullt'ndat ion 

Tahlt· 2 1 lists the values recOInmt'nded for the pararl1dl'rs used in MACCS to 
con'(,cr Pasquill-Ciftord 0y valut's for [he effects of hOlizontal mE'andpring of 
p 1 U/1It' <;l' f,1IH'nt s . 

Variable 

TIMBAS 
XPFA(:l 
XPFAC.' 

BRKP~T 

Tabl .. '2 3. MAces CorrE'ction Panlllll'tC'rs 

_______________________ ~D~t'~f~i~n~i~t~i~o~n~ ______ _ 

RE'lt'a~t' tim€' tor the Prairie Grass experiUltonts (5) 

R .. lp8So? lime exponent for relE'ases shortf'r than BRKPNT 
Rt' 1 ('a~e t i m~ exponent for re leases great pr th.ln or 
equa 1 to BRKPNT 
R .. l,'ast' time bri>ak point for changing fI <1m \PFACI to 
XPFAC2 IS) 

Value 

180 
0,2 
0.2') 

3600 

-----.. _--- --------------- ... --- - - -------------------

2]1 Di~cussion 

MAces uses the foll" .... ing equation to correct Pasquil! l:ifford G y values for 
th(> .. ffl'ct of hori;'ontal meandering of plume segm('f:' .... :1: 

.... here x is the do .... n· .. ind distance of the plume segm.·nt tl'om its point of 
releas€'. 0y.MAcrS(X) is the 0y value used in KACeS n .... PGlx) is the Pasquill­
Gifford value for 0". at the distance x, Ats(>g is tt..· rt·!E-.se <hration of the 
piume slogment. and I'.tP-C - 10 minutes 122.2J.3bJ h, ~ho [.lease duration of 
the Prairie Crass Project l]4j plumes, which are the ;oxpl:llmpnt:al bc'ISis for 
the Pasquill-Cifford curvps that express the incren'>t" of (I .... with downwind 
distanCE" :2':>' Paramt-ter valu€'s for this equation h.1Vt· ht>pn reviewed by 
Cifford !26] who suggt-sts that m - 0.2 when l1t is ~It'atf>r than J minutes but 
less than 1 hour. rhat rn - 0 2':> when t - 1 hOUT, and ~hdr m - 0 J whE'o tit 
100 hOllr... Sinci' in !1.~r(S plume 5e~mE'nt durations !f..IV not t'x("ppd 10 hours. m 
- O.l':! i~ TE'COIJUllf'fld.·d for plum«.> segments having relta· .... · dur.Hions bE'twE'en 1 
and 11) hours 
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2," Pl"" 01l8,,"oD 

Th. pover·l." paramet.,r valufts r(~comJrI .. nd(,d In TJII,l., ,I ... tor IIS('I in MACes tn 

.att .. te atablllty·('liss dependent vi:lluI!!' for "\' fillet IfZ "It(' thc! Vl1ll.lt'H 

developed by Tadmor and Gur (27]: 

variable 

DPC"I'SIGA 

DPCYSIG8 

DPCZSIGA 

DPCZSIG8 

____ . ____ . ___ -0.---·--------

peUnl!,jQD 

Stability class dependent pit· t'xpOlwntial 
coefficient in the power-law t'xprf'ssion for "y 

Values by Pasquil1-Clfford Stability Class 

A 8 C D E F 

Stability class dependent t'XI'Olwllt in tlw 
power-law expression for 0y 

Values by Pasquill-Gifford Stdbility Class 

_..s.AL- BCD E __ F_ 

0.9031 0.9031 0.9031 0_40~1 n Q031 0.9031 

Stability class dependent pr~-~xponpntial 
coefficient in the power-law exprpssion for Oy 

Values by Pasquill-Gifford ~tahilitv Clds5 

ABC D E F 

0.9031 0.9031 0_9031 O.QO§l 0 Q031 0 9031 

0.0002~ 0.0019 0.2 0.3 (I 4 (1 2 

Stabll t ty c1 ass dependent t'xpOnf'flt in t hf' 
power-law expression for 0v 

Values by Pasquill-Gifford Stability Class 

A 8 C _-IL_ E F 

2.12~O 1.6021 0 8543 0 b~3: 0 60:1 0 60]0 

-----------------_._-------.. _----
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J .~ 1 lH tH'II!'>Ii \ un 

%11 Mt\I'\'S, tHlrl?onl,l' .. llld Vt·r·tict\l dispersion of plunll !H'i',IIh"lltS about t:hclr 
C€,l\tt·llillo'''; ,HI' l',Il'IIl,I'dl U"iIIlP. t:llussian plum('lmc~d~'l', In l TtwFiQ models 
.H.,.lunl· Ih.1l ,1· ... "'-1·, ('(1 lIt plumt' lTiiltf.1riallG pI'Othu'(il/il ,1tlTIIl,d cHstrihlltlons in t'u~ 
tWII:'(lllt,11 IV" .Iud \'t,!~ ;,'.111 (l~) dilt'ctions Thus, th,· s!.ll\d,nd df'villlions (oj' 
,\11.1 t,.l ~>t tho '.t' .1\' ~ I hill \011"; dl'ttrmilw thf' horLr.ofll:1I .11111 Vt'rl ie,,1 .'xtE'nt of 

",1<11 ~.]l\lllt ""'1':'" ", .,1'-' ,HI' ,.llclI1.ilt'c\ \Ising thf' f()'~ 1" .... 11\1-' . 

• 1,.\1 (7,1) 

dlst.I",'t· . ron: tl t' .... f,lTh'llt 's l"'l~'dsf' point to its pl'l .... 'I:! jp('at ion. ThE'vrllu('s 
~\I 'I" " ... ! ,'1"1 t· .. '. I, c, find Ii dt"pl'mi on afmospht! i. st,thility Hnd thus 

V.ITV Ioi;t~l th,' ~ix ·,t.rld!I!" clii~sl's {1'<1,squill·Giffotd ('1.h<;PS A F) u5E'd in 

I".All::-' ::'0 IoIhet"'V~'1 S t ,Ib i. tit v c 1 <lSS C'han~f:'s, ttw tiN' I! t, tit 1I~)'oI1 nd 1 ocat ion of 

t ht, 1'< t .. ,; (' \ \' I ! : ' l. tl 
.' j :,' 1 :-. Ij'- i IT t h, 
a, h C <I[J('.-! tL.lf 

~\'qrc(> distiltICe) .nust hI!' rpcalll:,l!t·.-! hv ~nlving Equation 
,dl!('nt v.'11I1t' of (1v or (1z .lInd till ·,'.d'It''. (1f th(· parameters 
l\lln'~p(\nd tn rhp nt'lol atmnsph(·r1, ,,'.thilitv class 

AI:" ',':, ,I. fit ~ p! Ft; It: jill: } 1 to f'xrt'rilD('nt:ll dif': :"I! d,Il.1 mt'<l!':lJred in tlw 
tit"(! h,tvt' h{'1'1l Jt",'"j";"'d fnr all nt thE' SIX Pasqlli: ::!,.:d !-ot'ihility 
,"ii"";t'S hv Tddm,'l ,,:!d l.Jll' :.lY', hv }(luf, :~)8j, ilnd b'o ":' .. ,'p.' Tht> fits of 

Tadr'1l1r dl1d t;t;.!' dTld ·of ICur, art> Ildo.,PO on d<lta gilther, ,: !'11 il f tlit' PrairiE' Grass 
Pre' ~'ct ',)4; TLt' t 1(<.; of Lt'iss ar~ hased on fi{dd·.··,,~i .... p! ditfusion 
pr'rf'oTmt·d rear th~ :,J!i,·tl ~u('lpar Resparrh Ct'ntt'r iu ttl'T:':l'" Thf' Prairie 
Crass e>'p"rimpn~s 'oIl'n' conducted OVf'r flat tf'rrilln "","'I'",i !Iv prairie grass 
(low surface rouf'.hll'·~<;) The n~1~a5t>s loIel"e cold, 0: ... t,,)r~ duration (10 min.), 

ane madt· at ground h,ve: DOI.,onwind me~surt'mf'nts WE'r.' IT,Hi£' to it distance of 0.8 
kIT'. The ,~ulich ""Xrt'rilllf'llt5 ....... re conductt,d (lve-r tann:,,:,d \tf\t·,iium surface 
rouF,hn",<;s) and lo.'(lpdLlIlll thi?h surfacE' roup,hnE'ssL ':1, It-l.· •• ,>t>s 'oIeI'E' (-old, had 
or.e hour o',~ra~ inn ... <'1[1,1 Io/(-n' rn.idp at thrt"t' hf'ip,hts 1',,' ,wei lfW m) 
DOWT1lo1ino mt'as' . .lrt'm,I'ts .... t·!'''' madO' ~O';:I distanc .. of 11 Io'r 
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I'! 

'f~bh~ 2 !) presents the yalue. of I, b. e, and d d.,v •• lopt.d hv Tlldmor ftnd Chlr. 
h-.r I( h~g, and by Ct'l~s: 

Tabh 2.1) Vall.'~s {or Constants t,n Eq'll\t ion '1 1 

'--
E' ~!ll!!J 1 . q i H 0 r d _Jll11 ~ 1!J.l.u.L Cl;lS~ 

~l..:1~J~· CQX,st<)l,t A B c __ ..l' ___ _~_f_~ _ _f-

r./trlm" r a 0.16)d 0 n'>l 0.2089 () .. 'I. () 104() O.O'}2 
.... l ,~ t r h 0.9011 O. I.}(J 31 0.9031 n qO ~ 1 (. .• ') ) 1 0 90'31 

c 0.000/ . 0.0019 0.2000 () 3t){)() n ,.000 0 2()(}l) 

d 2.12') 1. 6021 o 8')4 '3 () bed? 0 h021 0 EH)20 

1': 1 u~? a 0 4690 0.30bO 0.2300 () } I'Hl (1 2~70 0 .'}730 
b 1).9010 0.8850 0.85'>0 (J ? h,.n d h410 () ,>Q40 

l' O. 0170 0.0720 0.0760 0 1 • ()O 0 2110 0 )b20 
(~ 1 3800 1. 0710 0.f!790 tl •• J • t ) 0 bl00 (, ':1000 

I. " is" 'lOrn a 1 ',13 0 876 ° h')9 ('0 
ft '." 0 801 194 

b 0.831 Q.8l3 0 807 II . H·. n 1')4 0 118 
(' O. 151 0.127 0 lb'; () :, I' () 264 0 :'.1 
d 1. 219 1.108 .) 9')6 () RR ) () 7 74 0.662 

C{'iss 100m a a 170 0.324 O. '+46 () ',0':' {J <.11 D. 253 
h 1 296 1 025 0 866 n RIB 0 882 1 057 
(' 0 051 0.070 ° 137 n .'65 () 487 ° 717 
d 1. )17 1. lSI 0.985 \J 818 0 6')2 u 486 

Geiss 180m a 0.671 0.415 0.232 0 2118 I', 145 0 671 
b 0.903 0.903 0 903 r y(~ 3 gO~ 0 903 
C" 0.2045 0.0330 0.104 () ~ , \ , 

,I' I :;'.6 0 484 
d 1.')00 1.320 0.997 0 -14 0 ') 

, 
O. ')00 

figures 2.1 through 2 12 com,pare thp effect of theSE> ri':e sets of parameter 
valuf's on the increasE' of 0v and Oz with downwind distance Figurf>s 2 1 
through 2 & present the fit~ for 0v. The fits for "7 are rr~~ente(. in Figures 
:.? ~ throu~h 2.12 

8E'cause in MACeS rf'actor building dimensions df'tf'nTiinf' th", initial ;izE' 
(init ial 0y and Oz values) of plume segmf'nts. rtlf' slopt· of the fits displaypd 
in Figures' '2 1 through 2.12 is important. but tlw mi'l~ni tudf> of 0v or Oz {size 
(If thf> plume) at a given distance is not For (-xampl ... if the WIdth of the 
reaC'tor huilding spE'cified in KACCS input c-orrel-oponds to an initial (Jv "'alue 
of 2~n m and the atmospheric stability at plumE' rpI('a~~ is rlas~ E. thE'n 
Fir,llre / 5 shows that MACCS will calculate an iT l~ ii,l up",'iTid ':irtual SO'Hee 
Ilisrance of 100 m if the- Geiss 100 m 0v fit is 11<.~d .·mti ,HI init ial upwind 
·.'Ln.lil1 source ci.i5tanlfE> of loOO m if the Tarll!1ur .':"~ \.'11' ".,. ti' is USf'rl i\fter 
:hi~ initializatiof. stf'P is cornp~f'tf'd. plump grll.··~1 '.'::!l dO'o.Twind t~'.tnsrort 
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'I 

di$taYlcE' .... ill be about th .... ;:,ame using either 0v fit. !>11~ " hoth fils have 
dh~Hll t ht' saint' s lopl' 

FiguI't,,, 2 1 throuf,h 2 l2 s1)(1'.o1 . hat for any stabll: v ,l.t',S ail thE> ! irs have 
c.,imiL.r ..,l(lpes .... ith but two exct>ptions: for stabilltv ,·ld~,.,es A dnd B. fhl-
t·, l<,<, (ly fit" to Ino III releases and the Tntimor and (,ur '.~ tits hav., 
sit,l!dicillJrlv Ltrf,er slopes than the oth£'r fits to rh" ...... stdbilitv classt·s 
rh~· t :'f,u\"('s lIs..., sho .... that tht:' ·its of Geiss to 18!1 rn !, .. It-dses .:tnd thi" fits of 
KlI.lF. !'iii':,' slopes th;i~ are ql1alitati\'e~v rppresentati':p of the t·nvelop(, of 
"IOk'-s tor thE' fi~s:" any sinf,lt" st.}t lit.v class_ ~lr.,-~ bUllVdut plumes 
tvpi. cill ... ri5<' 180 m "r so aiter relt'dse dnd most L S reciL'tors dre situated 
ill I'. gions h;:":ir~h ~,-Hl.H·e roughnesses greater t:han ,hd~ of prairi~ f,rass. ust' 
of 'Lt· Ceiss lut) IT fits seems indicated, Ni.>verthf".t-..,,, for ~he ~'1"REl:·ll')l,l 

,-dl,·'_,:,ttioIlS, IISf' ,d th~ Tddmur and Cur fits is reltlrr:r<·f:dt·d t .... CdUSr r~lativt:'· 

"J :~"'ir ur;ct>r' ;Il~it''i allot the fits art'> more or : .......... l'iuivcilt"rlt and bt:'CdLlM' 

~ Lt~ --:- .• don'" and t., r tit 'i hc'l'.'t' h(:' en ust'd in mos t pre'.'! fl'l" ~~R,' c or ~Pq ut>n~' e 

!r(,d~ ~ : r;t", '-l: 1,J.f! i t· ~ 
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Tilt> \.',dlll>', ill Tdhlt> ;1 ban' J'('co!nlTll'nd"d for chi' ,\t" d""",iti.,ll \'l':llcit'; 
\ \'\lU'IIS ,I , 

_______ --'D'-'-'..l'! i 11 i tin n 

'.'[)U'()S Drv (\pp(Jsitioll \.'plosirv (em ~,' i I 

.' '1 I Discllssion 

III ~t-\CCS, pilrticul.1tp matter is rf'moved from pl'.m;~,., JUt ill!'. do .... ·nwind tl-iinSport 
hv ... ·ashout ilnd hv dry deposition Dry dt-"positi(l1~ ic; !1l(l(It·I,>rl using. Ci mas,., 
~r;ll1sft'r approach Thus. thi? flux (w) of parti,-;.·s to trw f,ro'mn d'.lt> to dry 
dt'p'lsitiol1 is calculatpd as thf' product of the r:'(l\,l,,! l.··.,~·l oiir con~'t:'ntration 

of thl:' p<,il-ticlt·s P) and tht>ir drv dpposition vl':",'i:-,' ''''d~' \'[:EPns). • .. :hl'rf' 
,he dr? cil'posit ion vt1loeitv is all empiriea!. p.'ll-· iel., -'.i.:t" dt'P('l1df'flt pararnt.>tpr 
~h,it n'pl-eS{'nts thf' comhinf'd f'ffE-cts of diffusi"l- ''', irrpactiml on. and 
settling nnto surfacf's, 

,.: = vd \ 

Thf' md,~nitudf' of \'d deppnds on particle size. ~: .. ii'l. _.r~d d,:\ ... il". on 
'-ltmosph"ric turhulf'l1ce \wind spE'f'd. stahilitv (: ....... 1. «!hi Ol! surt.i'·'· rtl1.H'Lnpss 
(2 0 1 <-Ind friction vt'loeitv (.:*) Bpcau';f' aero~" <'i:. dis~lih'ltipf's \0,'.'(,. no:: 
d,:,\.','loped for ~;rREC-ll)n sourct' tt:'nns. a singlE' .:,,~ It :01' "-d h,ill :,l h~> 

s,'lvl'tf'd for tht' ~l'REC;-ll'JO !1:\CCS calcliLltions • .r!lt ,~!,. ',',;u, St·lt-'·~I'll nt'H1E'd 
to rt'asnnablv rf'prt'sent the mE'an of th.· rdngt' ,.~ ':.1:':"" th,j~ n:ifh~ .1ctll,.11·,; 
occur. 

This disclIssion of vd is hasf'd on thE' followinr. .I'-s'lTrj'rio!'.s 

Rapid df.r,lomf'rarion of small particles bf'tllrt· t'll;~:.· :'t·1t'<tst' from 
containm(>ni wi 11 lar~f'lv elimindte par: iC':,'o.; ·.moll 1.: :LiTl (1 "l ~.fI' 

\.;ra':it.,~intl.11 St'nlin~', '..'ill deplt'tt' tht> d: ... ·:i' .. l·;.-n (': i'.Il':i,·lf's ldq~o.=·,' 

tli,l:1 ') I-lm 

Fission r:'Od:lct a{'\'osr ' s ... ·ill ha'.-e df'l1sit', ~ "~ 

cent i Inc':- t' r (1 ,~p,lem.? ) . 

Tht' \,'.1lu£> sf'I('ctC"d for vd should .... ·t,l1 rep!, .. , '.: 
ar(~dc, h(·c.IlI'.f' mo<;~ popul<-ltioll (·xpo .. urt·s "'1,: "l 

~ : 
, I • "., . 

Both l~lt>Ol,(·tic,d '10.29.30: and {'xrt'l'imt'nLd 
lllc1gnituci;- of "'d an' w.'ailablt:· A tiwor.,tical r 
f unct ion n f pa n i c i (. rl i aIT,' tf- r. pa rt i c 1 (> dplls i t\ --. ~. ~ ,t , 

.1 - 1 ~ 

~':"_''''' .. \! .. t ..... ~. 

·Lt<.:lt· .... ~ . . int: 
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II 

i'rlctlon Vt,loclty has bt'Nl dt~veloped by Sehm(d and I\odj!, on [1Qj. Hobert et 
a1. [10] fOllnd that \ttl - 0.00.16 u* with little dept>lldt:'t.ct' on particle sizf'. 
ThE' prt·vai 1 ing windspl'NI (u), its mNtSUrement height \;:), surface roughrwss 
(Zo), ,HId friction vdodty (1I*) are related as follow!:) [10]: 

whcrt~ Ie - 0,4 is von Karman's COllstant. 

Tabl~ 2.7 presents values of 20 dnd u* for various surfaces 

Table 2.7. Values of Zo and u* 

Surface 

LaWllS 

Tall Gra~s, Crops 
Countryside 
Suburbs 
Trees, Forests 
Cities 

Zo 

1 
10 - 15 

30 
100 

20 - :700 
100 - 300 

40 
70 

90 

(2, '). I) 

If Zo - 100 for suburbs and 5 m/s is a typical ~indspet'd at a measurement 
height of 10 m, then from Equation 2.5.1 u* - 87 cm!s dnd vd - 0.0036 u* -
0.0036 (87 cm/s) - 0.3 em/so 

Figure 2.13 presents typical results for the Sehllel and Hodgson lIode-l for Vd 
for u* - 50 cm/s. The figure shows that if Zo - 10 em, an ae-rosol 
distribution with a mean size (particle dialle-t~~) of 2 ~m and a lie-an de-nsity 
of 2 g/em2 will have vd - 0.4 em/s. Figures from Sehmel [lJ similar to this 
figure give vd - 3.0 cm/s when u* - 100 em/s, Zo - 100 em. r - 5 ~m. and p - 4 
g/em 3 ; and vd - 0.03 em/s when u* - 30 em/s, Zo - 3 em, r - 0 ~ ~. and p - 1 
g/em). 

2-19 
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Tablt' ..' 8 l'l".'st'llts t-xperimpntal VBhlt'S for vd 

TitbIt' ? 8. Experimental Valups for vd 

Deposition Velocitv 
Arithrnatic 

At'rO~l'l 

t'()llll'<1!'l.r i pn 

Aerosol 
Sizt-' 

Dt-position 
Surfc1ce 

Range M;pan a 

( em Is) t ,'m 's ) 

I , 
1 

(LIm' 

Grass 

Asphalt 
ConcreLe 
Flagstones 
Roofs 
Bare Soils 
Trees 
Forest 

0,1 - 1 
0.01-0,) 
0_005-0 

0.03-0 tl 

0.1-0_6 
0 0) -1 
0 07 - 0 _ t~ 

0 1 
0 ~ 

J 

(l 1 ') 
.L 0 1 

0 3 
0_'3 
() ) 

0 ') 

[28} 
[31 J 
(32 J 

\'driou~C Grass 0 03-0.8 n to 

a 

h 

e 
d 

0.1 - 10 
0.001-100 

Tall Grass 0 5-2 
0 001-16' 

1 0 
~) .rl 

'J 1 
• J 

110 ] 

Arithmatlc mean because for any aerosol sizp di~rIihlltinn mass will be 
concentrated amoung the larger particles t~d[ ~ill ha~~ largpr dry 
deposition velocities. 
Apr-osols containing ':s-13I.t, Cs-137. 1-131. La 1;..,) Li-I.I. Ce-l ... 1. 
Ce-14~.Ru-I06. Zr-95. and Nb-95_ 
Aerosols containing Cs-137 and 1-131 
G~ornetric mean because of the large size rbr~p 

Examination of thi' table suggests that depositior. to ro .... ts. Lt'-"1:1S. and trees 
will occur \.dth V('locitit_s of about 0 1.0.3. and (l ') l.-It' s Therefore. if. 
typical rt.·sidential suburb has roughly equal aDO\u'T's ot sur!ace area provlded 
by roads. l.lW1ls. and canop'" (Iea"res on t rtoes and ',hrubs i. th"'tl .... d - 0.1. 
Therefore, since both th~ory and experiment suggif''>t tha: vd - about 0.1 ca/s 
with a rang.> of () en to ~ em/s, thE'se values are r.'c(>rJr.!.,tlch'd tor USf' in the 
~.tl.(CS NL'REC:-ll,)O cdlculations 
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\'''~1I'''. ill ['.ddt· , 'I .11.' 1.·.·<lIIIIIIlI"I,·,\ t"l' II'>." .1 . L.tI.l. !t'l i:lllV [o\'U1\(' 

".I! t I • 'II! I .. 1 111 ., I 1 

"'\ 'H 1 

_ ... __ ., _._ .. ___ . ___ . _____ SwnlTldry ... 

1. i Ill' 1 

r 1l1mt" 
! ,I ') 

C (11' f fie i t' n t ('; 1) : n E' x p 1"(' S S : \ 'I; 

.... dshout f rom I'd i nl d 11 l S~'I? E·. 
Rd!I&I' ~ x ll'-'1, x In''' 

-----_._------------

.,. - --_. __ ., "'- ----_ .. _-_.- .. _--

d \' fiT, i !\ h rat t, C 011 S t d: 1 t for 
II BHS~ valu~ 4) x 

~rr'.Li:~ Dis t r i h" t i (1\1 l.og 

FXpOI!I·nti..t! t ... nn in exprt's!-.j()11 dl,ti: in,'. rclt~' .OTlstcHlt for plume 
...... 'sll(I\.: c\Ut-' ! 0 ra i nL-d 1 I. St-'P Eq \ . E.l.>'· '::d,1(' n p Range' 
:1 () 4 ;;~rT'plin& l'i"itrih'ltiox: 1!!t'll'llI 

R,l; inn.lt .. 

dAldt - ·~A. A/O! - () 2) 

Alt) ~ amount (Bqi1l121 of a radionuclide in tL.> .l~IT".srhi'·rt' ahov(' a region 
after a period of rainfall of length • s: 

A rdtf' C()f1stant (s 1, for radioTluclide S .... f·l: ... 1Tl,'. rille fo rainfall. and 

arn()'ttl1' (Bq/m21 of a radionucl ide in rio., 

~hp stHrt of a period 0f raintall Ii 

,!,' "lrn, i<; 
~'. d p tiT If' d h'; 

;is'''lTl'~'d cO be a fune, ion of rair'.! 

'..;1 iI' !'" I·~ i s t lH' Lli L Ld 1 r.t' P I Inn'. 'h) .1nd [! 

'.:, lri,':,!!,,' (h·ri\·~·d COll~rdrl:!-' 

, 1 
1 j , 

a rt'gion at 

I.. ; .. ,. 
,j • S l-' E' (' i tit' d 1 1 V , \ 
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A.ddltlonal ba<'kground on thls and otlWl' ('hliriH·tt'r1.~,\t Illll~ tll\" rainfall 
SI.'n\'t'nglnF, Is avallahlE' t'ls('whl'n [Q,)'1·361. 

In M.i\CCS, tht' l"Ollst,lIlts a ilnd b apPl'aring in Eqlldti.ll1.' ~ cllt' us.,d to 
dwra,·t.'IlZt' washout trom ralnLI1! Bn'nk and Vot',t Ill: f,dVI;' th., tollowillf, 
val\h's Illr a lind h, 

·4 
d - I " x I 0 , h - O. ') 

whil'h havt· bt:,t'll USNI in past .Hlalysl's with KACCS. In the NRPB It'vit'w [33,31J. 
it is com:ludl'd thdt th~' following rangl's charactt-t L~t' viilUt·~ tlli a alld b that 
arE' a~~ropriatt' for lJS(, in a reactor ac,'ldent codt' that mllst c.dculatp loIashout 
undf'r a variet'l of conditions: 

.) 4 
)xlO ~ac;jxIO', O.7..:.b50.9 

For llTlct·rtaintv studit's, tht' above rciTlgt's will bE' I.1st,d Fliltht'r, the 
following v,du{'s at ttw ceTltf'r of the indicated r.II:f,p<; loIi 11 ht' uSl'd as bast:­
valups in tht:- NCREG·ll~O co~sequPTlcE' analyses. 

- ) 
a - g.) x 10 . b - 0.8 (2 6) 

]·21 
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. nl.· \' .. 1 ~ ..t,' "l tor ch.II',·" r, ! , : I ~. ~! It . ",,",(' t r lit' r I rtp," 
\ It, ' '- ~ .' r 1 , . 1 l •. " )' , ' .'. , : IIi I, I.t,.\ I . I ..... 

';ill t,1 t,l\: 
\~:',,'TF:-' 

TCWHLL' 

~'.~;~l :I!;[ ry __ ._ 
\'1lTd" ,01 (\;11,10'11: w,.I:LI'riI1~·, I'l'OC(""'<" 

\ "I:'· 1 lit, ,I t i (otl P,.l.'::.!..:. .. _\,:_IJ~~~: 2 

, 
,:,1' 1 \ tor 

II.i,· i (Il eL., ,i''l'llSit illil llnth'r(yill' ·~I.I'!" I ; [;/', pr(\l'l'~s l. 
_~.li 1 it' B .. 'I~£.t: II.J) ~":l II "), ''.!'l'l\Ti. [_<sL.Lil..~':.ltio!l' 

------- ---.---
llih't 'r' "r :i;. dpposiriou \'" t·.! : he' l i 11)' h ,d t - : it t:' (s~' c.:) t {1 t 

\ll1dl·q·,\'il~t. I!;t·atLi·ring pr(wE'!>s 
R;1I: l < •. R x III h ~ 0 2 3 x 1 D 

B:~ ·.· .... _ .. d·l.:.. I': x 1 U' S. 

S,i01;'~l..u:.....Li" rihll:ion t:niform, 

- ------ ----------------
FrdL'tinr: of th., dt·position undt'rgoin, "'" .,:ht'r:nr. rrocess 2 
\' d 11.1(' . ! -A 1 

\..:t'.ithpring h.l1f-lifE' Isec) for fractlll!' ot th. dpposition 

1.11!(h·q"llin~~ wt'atfwring rr()cl:'~S 2 P,a'~.- ':":"1.... .' 8 x 109 
Rangr' 1.:. x 109 to '. ~) x 104. Sarrl: ::~~l< ~-ibution' 

s 
rniform 

.----------------------.. ------.--.----------

2. 2 R.l t i Clr'.i It' 

Tht' .. · .. ·t-atlwring,'· mOlt.: in M..;CI~S for l'xtt'rtlal expc:-- ~:, :' tit~',)~itt·d 

l'.!idionuclid.·~ i<; 01 ~l;t' toon 

D ( r \ 

n 

[.\ €' - -\ I] 
[)! ~~ \ r) 

~. t \ u. ., 
l ;) ~' I 

L_ 

i=l 

dllC,t' rat.· ',Sv,,", from a ground d','positE"d :,j(L"r~:· l:d .... rlr tim .... t ~s) 

at r t- r its i Iii ~ 1,-11 d. pn sit i "n . 

d (' S P r il t t- "S \" s.' at: h", t i IlIt: () fin i t i a 1 .: , ":: i '.' [. ,i t, 

s) • 

at t - 0 

t .,," ~ t". ~ i :, " ! ,("\ I 1 ~ i d p rat i (l n 

7) 
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fq - tr'H't lOll lit lh~~ (h·po~;lt iOIl lHUhq'soI np ...... ~'lltL, 1 Illf, PlII'I"'S \ (IHlh\t·ct 

tl\ ttl\' I'OIl"tl,dl'lt lhllt "l' • An'" 1), .Hld 

\\ - !ll'ltt", l'OIlSld111 (s 1) tUI tht' p(lrtiuTl of th., ,·xl,·II1.d d()~ .. · ~lIhjl'('1 tll 

Wt,.ltllt·r:·lg Pl!\~'~'S!i I 

wIll' r t' 

\, ~ fll(}):' 
I 

(/ ,8) 

'i - w,·athi.'rlng h,llf·lift:' (s), i.e" the timE' period (lVI'r which thl' c\OSt' 

r,ltt' sllbJt'l't t (I wl'ath£'l'ing pro('ess i wi 11 dE'I:' ;lS,' hv ')()~ 

Wh .... \l only wE'<1ttwrillg pro('('sst's an' spp('ified (i ,t'" ~',:'."TR!'1 - 7\, rhf'n Tl -
TC\JHLFI and T2 - TCNHl.F2_ 

The liS£' of wt·.Itht>ring eX.'H'ssions of the form shown ill Fq\J;lt inn 2,7 for thf' 
aSSE'ssmt'nt of tlm£'· derwnd('nf t>xtel'nal E'xposurp in rl .\('1 III act'idpnt ('onspquPIWE' 
assessmt'nts df'rives from a study by Gale et al. [37, This study was 
pprformE'd in England and used expt'rlmental plots invol~jng five difff'rf'nt soil 
types to estimatE' thE' t im~'-dE'pendent extt'rnal exposIl!"!' from a df'position of 
117Cs, The results of this study lc'ad to thE' followillg fnrm of thE' E'xpression 
in Equation 2,7: 

-h 

D(t) - DO e 

wherE' 

e 
-~ t 

1 

Al - 0.63, 
~l - in(2)/Tl - in(2)/0.61 yr - 1.13 yr- 1 - 3.65:-i 10- 8 s, 

"'2 - O. 37, and 
~2 - in(2)/'2 - In(2)/92 yr - 0.015 yr- l - 2.42 x 10- Q s, 

(2.9) 

The rplationship in Equation 2.9 was used to estimatf' dosf' rE'duction in \o1ASH· 
1400 and has also bf'en used in many other reactor accident consequence 
assessments. 

Until recently the study by Gale et aL (37) appe,l!'s to have beE'n the only 
study providing any direct information of the time (\pppndent change in 
external exposure. However, several additional studips have recently bpen 
completed and will be briE'fly discussed. It is likely rh,lt mOT(' information 
on time-dependent weathering will become available in thf' future as the 
results of the Chernobyl accident arp analyzed. 

Warming [38,39] has perform('d several weathering c:"qH'dments on impermt"able 
surfaces in Denmark. The 1984 study involved the hdliW i or of 86Rb (an 
analogue for cesium) on CO:lcrete and asphltlt surfao's TIl€' following rpsults 
were obtained, For one-year-old concrete, a maxim'un of 60\ of thE' 
contamination (i.e., Al - 0.6) was w(>athered away wi:}; a half-lifl:' of 100 days 

2'/5 
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I \ I' 

- P " 

• I A: 
- " 

, , , • • I , I 

" .: 1,1, , 
, 
, " 

,I ' 

: I", 

I", "V'''II'),,'' ,I,.\,h.dt, (,II" "I 'I .. '''loI"lIlll1"t JOIl (t t' A1 
. I, • I, tl t Ill,' "I 1,(1 tidY', (j" 'I - II \1, VI) All "old" 

.Ii. \" 1\1 - (l •• ) .dth II 1,.\11111' Itt IIHI d,IYS (I I' 

",.! .1" .. ·.,01".1 I '.Ill 1.\,',' ,.Iano/I·d 110 ,I ~',I:" .1\ ..... ·.If 1",\ III~', (I I'. 

• ""I.' \11\',,1'."'\ tl,,' 1 .. ,h,lvj(>\ ot .. , I,', 1 \111~'I, ,IIHI «"Pod (111 

• t ..,. ~' I ,: ~ , .. ;: ! . t ~ l ~, 

1"'\ . t 1 I ~ , 

... r I ~ ! I I ,\ ! 1", \'1'\' .'.' )"1 .t! \'"',( l·h,·II1Ph. d. \'("I! I II!\~, (111 r .11 iI" 1 " " 

11111" 1111, ,,',It, ',l.t I ,. '" Ii. -. .... '1 d. " tI., l'I,,·n.!.,,> (til' 1''::''101\1'1' '>lIll11l1d!"\' for hl~ 

I I : ,," ' I It' I " I 1 ~:., d it! " I I' Ilt 1 H'" 1 i d t' ~ S I' \' In t" .\, I i!\ ,I <, i mil a r 
.... .1\' 11, ..... '.'1'11',.' l't'I1\,dtlill~'. tractioll att!:1 \.' ITlIIIHL" l~ 

<II (lUI1<1 II. ,,"l'pl ('i[ f'dvill g storws, .... bt'I.· Ih,' 1"\I,tioll Is 
11 H FII' IIIIR,,! dlld 111"p,tn Oil asphalt, t.1t., 1t"1110 .. ·d! <llso 

" .... tn'. I" h,' 1."." thil!. for tilt' othl.'r nlle!!.I,,> A rOlJf,h 
t,·,tim.dl' itt :11<' [l·m.lilliTlg Irdcti(," and h:,lI1il .. timl'~; for 
',,!t,'I (' 10', .. :h,'ril1f, ~'.IVI'S (J 1 ,illd 10;'. d.IY!, I', f' dllll 11)') 

d,t"", .. r:.\ I: '/1 ;llld III() .Iii',','> tor p;n'iug sf ,·r" <', ""'I'h.il t, and 
T, ',pt'c r i v(' I', 

Thus, ttl! V,lIi()u', i!Q'4'lm"lltil' ',lIrfacl's, ~:ilrllo('rg", "t. ... (·rviTlf, valu('s for Al 
r" 1 I " d Tld \' a 1 lit'S for fit ha t r.1 T', E'.t' I r (lm 0 '27 y r toO, 3 R 

) in ~'<tr!tl/'rg' s papf'f" suggf'SI', that the corresponding 
valu€' .... .lb. "t' iI rlt',,> ('ovt'rt·d ;Hhl might ht' in thp arl'a of Al - 0 1) and '1 

t ha t : ,ITlf,t' I rom I, 

Fur t h t> I. F ii', '1 r .' vr 

Thi' depositions consid£'rt'd hv Karlht'rg involvpd rain 
durinp ;lTll~ att!'r '1.,' pa<;'>,lp,t' at thp plump and bf'f(l!t' th!' first tn£'flsuremf'nts 
.... pre mad!' 

Jacob pt al :'.1 
south ... rn Savill-iii 

s!'1(ii('d thf' ht·haviCir of post r:tlt'rfl()\.vl dp1'osit ions in 
Th;·\' providt" thf- follo .... ing swmn,H', of thf-ir rf'sults, 

Surf.lel de, i': it ips on p<lvt'd areas havf' b""TI rh·! I' r m i fwd hy 
in situ ml'.I<;:l[empnts in Munich aftf'r a d,·~,(,o.;iti()n ot 

ra.\iorlllllid.,s from Cht'rnohvl by hPiiV\1 rail1 ~~o significant 
ditff'rE'll("·s 1oI('rf' found het .... (>en asphCilt. tOTICrt'tt-. and 
~rdT1ite pil'.'~'m .. nts, In thf' first fe .... days, ;ihou~ ')()-70% of 
th., c;wsiUl11 loIas remoVf·d hv run-off .... ith :!.f' d':positing rain 
and hv s~r£'t't ch'aning, Barium bphav€d ~iS l,t'sillm. about 
RO~ of ttlp l-uthf'nium and ahout 90% of !tH' i"dirlt' w!'rf' 
rf'mo'lt-d Ahout 70" of thf' ct'sium initial ;.; n·t;dnt"d 
disappf'iHS from tht- stn'pt.s and sqU<'HPS loIi~h i1 halt-lifp of 
ahout RU 11d','S d\lp to wt'atht-ring and strE't': c!p,llling 
r:o~)tdt·rI p.l·!I,rnt·nt rurlwrl out to rptain th. Y,ll1i(lI1'!clidt's 
tnor£' pf!t·ct i\·('1'.' In situ mf'asur('mp'1ts (lTI Ll'~-~'S slJpportpd 
thi' sur.'· ..... : ion th"t tht- <In"ilvtical appro:-:1:!'.!! iOT' (If (;al .. ('t 

al ulldl'r·psrim,itps th{' ('x({-rnal pxposur4', tll>ln dl'p"sitpd 
Cf'S i urn 

Thus. for- in'p!'rmf"lbh' <;·Irfacf's. !~If'ir rf'sults s'1I:;·,,:r d ',',d u- of Al in the 
arpCl of () 'j and .ltl f-f ft"ct ivt' VnlUf' of Tl. which j.; . (t!!,>idt'r<tl,lv If'sS than 80 
days = f) 2/ YI ..... l..'tl :ht:, t-ffpc~", of pariy runoff ,""1'. ir:. l'lcll'd Thl:'ir statement 
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1·1 I, 
If 

I 

I 

! 

loll: II 
tht"'~ 
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2.8 Runot f ilnd Wiist~,-)U 

? H Summar',' 

T fI b 1 " 2 1 2 S UllU\, d r i ~ t· S t h l:' 11 d <; t· \' a 1 U. d; d n d LU ~ p. (' !> : '.' I : l... '; d r i i L>l ,'''; ! 0 r 
surf:ict--watt>r contdlT!illdt ion 

Tahl(' 2 12 Base VatUt' d:'Hi R.illfl· t(>1 -:;1l1d~1t's As,>,., ii,:"i Io.'i::; Surt.1cP ~"tl'r 
ContClminat ion 

Vari.ablt> 

NA .. i\olP I 

\oSHFR 11 

\,;::'HFRI2 

\olSHfRI4 

IJSURTAl 

IJSHRTA2 

!JSHRTA3 

!JSHRTA4 

____________________________ ~S~w=nu~n~·~,~r~\~· ________________ __ 

~~umber of radionuclides to be c','nsid.-red in the drinking· 
water pathway Base ValuE'. 4. 

~~am~s of radionuclides to be ("!i",icit-ft.'d 

water pathway Se:ected Radie :'l··llCrS 

in the drinking' 
89Sr. QOSr. 13~Cs. 

13 res 

lIii::idl radionuclide _ash-off 
\alu~ 00: RanL~ 0 002 to 
:.og rniform 

!r .... : ~on tor 80~r Bast-: 
v. Samrlin& Distribution 

SamiP variable as '.:SHF'RII {but t,.t 

I ni t ial radior111c lide wash -off ! L~~ t i Llll fr'r 1 ~-'Cs 
Value 0 00') Ran,,,, 0 00: t, ': S.iwr1 in& 
Distrihution. Log Uniform 

Sd.11'ltc' variablt> as \olSHF"Rll (but: ,)[ 
, . 

~ ) 

R.at(' const •• nt 
\' it 1 U(- 0 . 00 .. 
Di str t b'.l!. ion' 

(vr':'1 for l()ng~.:rr. ...... ~l·~)tt tor 8QSr 
Ban&t" 0 0008 : ,I t .•. 1,1r- ~H~r 1 i n£ 

Log l:n i form 

Samt Vllri':ibh itS IJSHRTAl (but t. 

R.H~ ,constant (\'r-1J tor lon~ ·,:m "'t~~' ,,:t tor li':'C!.. 
~iiS~ ValuE' (lO(il &i!.n&f' 0 . '(1 L 'Ilo.' s:.'ll!!l,lin£ 
Di!!ltribut \011' to~:; t'niforl'l 

~amE' vari.abl.' as WSHRTA1 (but t" : \ "." 
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" xl,)' ') f{'lllf,(' X 1 \1 " t (I " .• !Ill' [lnF'. 

['list 1 ihu[ ion Lor. l:nitonn 

·,,',Hl"t'in/'.'· ... tion factor 1 "'Cs 
" x I I)' b R;mgp I X IIl'I") £0 '. !,. SlilTI ing 

i " t Ii hll t i on l.0f~ t, nit (l l'ill r. 
1 x 1f1 6 to 

P .. ISt' \.',,1ut" 
.' x 10'/) RanPl' , . 1'1 SdlJl~'11nf. 

Dis:rib'l~i0r1, L,'f', {'nih,rm 

',,:.Itt r inf,t'st ion f.lctor fnl 1 ~ S,lnlt' 

\',jri,lhle as WINeF') FOLL}r1:,I" ,.,', p" t '. •• to'. I 1 "t": '. x :0- 6 . 

R.mgt'· 'x 10· ft tn '} X 10'''' .. ,"t' 
laki's 

ThE' ratiiOrlllC1idt' ""(fSh'0ft :no(\£> 1 in MAces is hast·: t: "" ! •. : •. i'·II ... hil' 

-ix/cit - ,(\ • \b) x. I.' 1 (J ) 

where 

x(t) - amount (hql of d radi0nucli<it' on lAnd s .. II.t·" "r 'i'Il>' • \vrl ",I:.,!" 
an initial d{'ro~irion at timp t - n. 

\a - fraction ,,f initial radioIlllclidt· (h·p"""!': .:\ !\ .. ,' rr· ,',""" Il •• m 1.Ulr! 
~urLll'l'S to surt.u·('· ... 'atE'r hndio·~ itl ,I 5! '1' ~ •.•• ;'. 1 ilJd ,,(tt·( 

dl'pos i t i otl. 

\ ... \ 

~~ . '. • It' 
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l'h" quant t l t'S ~a l.IIId 'b 'HI' l he MAces t.nput Vfir ,.I, \ ,", "':SHh, I and "':SHHTA Thl.' 
Ql/'HlI It\' "0 i <; ,h,t I'H··d hy 

XI) .. , T(ITIlEP * FRI\CLD (,1 11) 

TIITIJH' • tutitl lit'posit inn Ihq) prt,dictf.·d by MAil ,; til! !I,,' IfidioTlI.cl iel(·. ill 

rill' rt'~',iotl undt'!' ('(1Il~idt'rdt ion Clnd 

FRAI'I.D - tr.lctioTl of rt'ginn undf'r considf:'rati(>n Ihnt is land, tht' n"llIalning 
traction 1 FRACl.D is assulnc>d ro bl:' (Cl'.'t'I.·d •• ',1 <,urf,ci('p,watel 
bodips 

A "Lllf,lt· valu .. c<ln \w llSf>d for FRACLD in 11 M.ACC~ ;i1"tivsi" or FRACl.D can h. 
sIw("ifit'd {oJ' indivldu<l1 grid f>len1ents thr'lugh t~\t' U<'l' of a Sit'" D<ltil Fill;' 

Thp clm(HllIt uf raciinTluclidf> moving from lm1d surLt,'t·.., to ",'u'fact'-w;'ltf>r ho(\if'<':; 
is f.ivpn hv 

'"' J -"bx(t,d: 
o 

Further, tlw toted deposition directly onto surfi-lcp-' .... att'r hodies is givc"n bv 

D2 - TOTDEP (1 - lRACI~\ (,J 1 1 ) 

Thus, the total amount of a radionuclide enter ~ a s\lrfacI;'-watpr system is 
giveTl hy 

The quantity ir Equation 2.14 is then used to d~t£'nnillt' radionuc1ide 
consumpti on due to water ingestion. 

For a giv{'['1 surface-water system, it is assltm('d ~h':H a const<int b'action of a 
radionuclide eTltering the system will bp ultimat~lv rOTlSllmrd via the drinkipg-
water pathway. This fraction is defined by th~ ratio 

WINGF PTOT/DTOT ('1 1 ~) 

wh"·J'f' rTOT ie; tlw to'al amount (bq) of radiOTluc 1 iii ... con<,ulI' .... d by the populat ion 
via the surface-water pathway and DTOT is the In:dl amount of radionuclide 
~ntpring the surfare-water system und~r consid~r~~inn IS ....... Equation] 14). 

Some type of analvsis/modpling is required to d,·fim· "'I~(,F 

rang. from thc' USt' of empiricAl data or simple (Oll1p,lftmt>nt 
dc\'('loprnf'nt/dpplicarion of quite sophisticat+:>d 'T!I,dtl<' fnr 

systpm!'; <ind tht,ir i'lssociat{-d puhlic watf'r supP;·. S':t,"'m<; 
rl.,.ciding on th~' HI1101.1I1t of effort to invt'st in i!j·(·Jll'l!:illf. 

}-)O 

This pffort could 
mod .. 1 s tot rw 

Howp\,p:-. i Tl 

''':I~:CF. it shollld hI" 
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111 lid 1111 thdt t}I" "'Ud'H't·' I,Hlt .... pttthWliY is prub,.I>lv ,I <,1111111 

totltl ,"In'I'1 l'i",k fTom chrollic (''''posurf' pnthway" . \.lidJ 
(,Ollt r Iblltllt 

\,;, .. It' IlIt"It'sl.'\! ill \',!lllt·., tOI .\a - I"ISHFIU, .\b - \,;~.tli<rA. OIlld \,;lNCt Tilt' 
q'!.111! it Il'!-o ~4t dnd \h .1It' cOlI .. id.'lt·d I ils! Tdhlt· 1 I, IoIllid, i!-o Llkt'll Itom 

[n 

Ilt-l!,,"t-t ,il :1.':, prllv\dt,., it tll11J11wI cd OhSI:·IV(·dV,tlUI'·, ttll th.''''i·lJlI,llItitil~''' 

Ad,IIIIOllid v.dut's iill' p,iVl'11 II! Tahl., / Ii, 

.1.,11)1\ I't "t! 1/' \'()(H'ludt,c! thdt only IUlir radian,,! lld.,!-o, H"S I , 40S r , 1~1·('S. 
0111\1 1 \ :~:." dl t Ilt,t,th'd tot, ("iit l'UTI! mni lid! lOTI ot SUI !.j\'P .... ,It l't hodil"S Bcl.St·d 

,I: tIlt' '.'dll\("o; for \,;SilFR1 (.\,,) iind \.ISHIHA P'b' in Tdhl.·., .' 1·. ilnd ,11') tht' 
t"ltlllolillf, vaiul's arl' ["t't'ommt'fH.1.·d fo! th .. st' viiriabl .... <ifni thos., lluc1idt's 

1 I 

lS(I_~!:. \,;SHFRI (Rat~_ __ wSH~-'I~ ~ R,wLI'l ______ 

8llS r I) PI (0 002 to (1 0;) 0 U04 I () 1)(11 )1'\ td () (08) 
411<.; r II 01 10 (10'2 I u U O}) 0 004 , () -'DOH • 0 () 008) 

t!,. CS () 00 ') ( n onl to 0 nl ) 0 001 IIIH).' ~ .. J (I no}) 
I ) ('s ( , 01) " 10 nOl to 0 U 1 ) 0 001 ,1'0 I Illi ).) to n no}) 

* (~onsid.'riiLl" slihjt'ct h'(-' judgmt'l1t was uSt'd iT' ... ·;t't ing tht-sf' 

':i-il'lP., and LH1p.·'" 

-------- ---------

Ht'1 fUll t't a 1 Thp dp~pIopmt'nt of valut's for ~INGf is nnw con5id~tl'rl 

pr{'s.'nl aTI l·xp1oratorv ~tudv of rht' h~alth pff~l't~ o! 

iTI[O surtaef'-wdt£'r bodit"s In that .. tlldy of wd!:.h·otl 
WINI·F is in t'fff-ct d. fiTit'd hv 

rddlonUl 1 id .. wa~h-off 
it::" ri .... t"r svstt"ms, 

l",'T - \oIalpr trt';ltm"Lt L1l·tor Ii P chI' ratio of 1,I,iIOIl,,,-lidt' l'Oln-pntracioll 

in Wdlt'r iiftt'r \oIa~f-r tn'atmt'llt to till' ('onci 'I,fllll' ir- ""<ttt'! hl'for-t' 
trpatml'llt) , 

\,.:,' - individllcd W<i~('1 com;umpt ion (' Ivr - ind:~. 

POP - nllmh('r of lw1ividu.-tls obtaininf. drinkinr, W.I:' I from tllt' rivt>1 undt'r 
conc;id .. riltion (ind!, alld 

T .... /I rh't'r <;v<;ft'mc., WI'It' {'oTlsidt·Yt'd ill Rt·ft'l'+'Tll't' :1.' 'lit 1,'10.','1 Ml ... o;..i·,~ip'l iind 
~hf'iTl Mf'I1<;, VallJp<., for WINeF art' now {-dl('ul.ltt'd '1', ir,.. t:q'I,I~ Itln } Jh dnd 

".'~I;im(·tf'r vi,l1l1'<; t't.a'!1 fr.,m R~tt'n~tH·t· ,II' 

2· H 
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kllll,,'.·,d R,ll-,'., I". F.d lllut fVH!ioltucl ill ... [I,.!. Ind", d "11 ,j R. (1(>11,11 
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I 6S 1 t . 

Addl! I I Ill ... 1 H .. moval Riltl'" for RadionUl: id • ., llt,!t-nnini·d 011 a Rt>p,ional 
Bil sis 

NUl" 1 illt· 

1 ~ 'C~ 
1 31 I,lL) T t' , 

l03Ru 

13 7C5 
2 J9pu, 2 .. 0pu 
2'-"lAm 

BE' 
13?Cs 
210pb 

210pb 

Pu 

.• 1 () 

o 6-1 "3 

n 02 
0.02 
o 02 

o 
(1 

0.4 

( ,)mlll<' 1\ t 

Nort tw: Ii ".~: t .~t·1 i .1Tld and SOU!!H' rn 
CE'rm<!~: ... i r: ! 1 I <, ~ f.· .... IoIrt'\t S 

follo .... inf, dq,ositions from tho.> 
Chf'rnnt-vl aCl" id"nt 

Fallo'j: :r: th.· Columhia River 
basin 

Alpint· p~,,-,t.t· watt'rsh~d in 
SW'itz ... rl.lr·,~ SJ~f>('sts ,bat 
value l~ \ .. tor :Bt' It:d\ -:llS0 

f • 
... Io.l.r '--. s and Ph 

(I nl)~' 0 l)B Kodel.'~' .,~ .. 1. h,: n .. - ,,':It inli'v~tal 

Unit.·.~ " •. ;~ • ., r.:i' ... ·d ':£1 :~, •. 

un i " •• 1 I .... '-. II t • I! .. (l n ~ 

!-H 
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Mississip~l for Sx 

1.:INGF - (0.87) (170 I/yr-ind) (2.9[6 lnd)/('./ x loll, ilvr) 

- I 6 x IO-f> 0.17) 

Mississippi for Cs 

WIt>:CF - (0)3) ("PO I/vr-ind) (2qE6 ind)/(J.' x luI., 2.'vr) 

- 1.0 x 10- 6 

Rhein-Meuse for 5r 

WINeF - (0) (4l..() i/yr-ind) (l.lE7 ind)/(B.5 x lOl~ x/vI") 

Rhein-Meuse for rs 

WINGF - (0.1) (440 I/vr-ind) (13 x 10 7 ind)JIR ~ x lOll '/vr) 

- 6.7 x 10- 6 

Helton et a1. [12: also considered the effects of a dE'position onto Lake 
Michigan. The model used in this part of the analysis is equivalent to 
defining WINGF b~' 

«> 

WINGF - (I e-~t dtIV) * WT * we * pop 
o 

_ WI * we * pOP 

l * V 

(2.18) 

U.19) 

(2.20) 

(2.21) 

vhere v is the volume (R) of the lake. ~ is the rat~ constant (yr- I ) for 
removal from the lake (including radioactive decay, sf'dimE'ntation, and 
outflow), and \011', 101C, and POP are the same as in Equation :>.16. In turn . .\ is 
defined by 

l - In{2)/HL 

vhere HL is the effE'ctive half-life (yr) for the rrldionuclide undel­
consideration. Uhen Equation 2.21 and Equation 2 21 arE' combined. the 
following relationship is obtained: 

HL * \or,. * \JC * POP WINGF -_., -~----------
Pn( 2} * V 

2 - 3-4 

(2_22) 

(2_23) 
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r· ' 
,. 
I 

Equation '2 1· .. and thf' data in Helton et al. (12] Cilll lin .. : hf' ust>d to 
f'stimatt:' ~lNGF for cl relt·ase to Lake Michigan. 

Lake Michican for 90S r 

-19x1U'') ~2.'')) 

,0.11 vr) (10) (370 f/v. r-ind) (1.1 x 
~1 ~CF -

2n(2) * (4.87 x 10 1 -S-'i)-

1.6 x In· b 

1 " • /0.,' , indl 

WI~GF _ ~3.) v_~ _(_~) (370 i/yr-ind) (l-=-~.l(~: ind) 

in(2) * (4.87 x 10I51) 

- 4.2 x 10- S 

(2 !b) 

t2.27) 

Two additional, very crude calculations are now givE'n for WI~GF. The first 
uses Equation 2.16 and data for the entire United Stat~s Sppcifical1v, the 
following data are used: 

~~ 0.87 for Sr. 0.S3 for Cs (sa~ as used in H~lron f't al. l12J. 

we - 370 i/vr·ind, 

POP - 2.4 x 108 ind * 0.718 -1.7 x 10.8 indo ""here: 4 x 108 ind is the 
population of the United States (Statistical Abstract of the 
UnitE'd States 1988) and 0.718 1s an 8?proximation of the fraction 
of the tot.al United States population rhdt c(("E'iv(>s its water from 
surfacp·water bodies (Ref. (66). Tabl~ b-]Q, p 34,). and 

D - (1 ,~OO x 10& a~re (t/vr) (1234 x 106 I acr~ tt) - 1 Q x lOl~ 
I/vr. whtr(> 1. SOC x 106 is the annual dbl-h'Hgt" of riv("rs in th(" 
('ont\"rminous United States {Ref. [66}. Tablt· 2-2. p 61) 

Titl('n th(' following approximations to tJINGF are obtriitwd 

2-3~ 
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",'1 ) 

-18xlU' (2.29) 

l'ht, sl,,'ond ,'alculatio[l liSt'S Equ<"1tion 2 2 and the ,~,.~d t,,!" th~' t'ntil'{> l'nitE'd 
Statf'S Specificallv, the following variable va1·lt .. ·• art' d,>sumed 

1,,'T - 1 for S rand C s , 

~c - 3/0 I!vr-ind, 

PO PI' )( 108 i nd , 

'J - 4,')00 mi 3 * 3.38 x 106 acre ft/mi- 3 -.< 1 .'3 ... x 106 Lacre ft 

1 9 x 10 16 ", where 4,)00 mi 3 is the VOl.wnl? cd freshwater lakes in 
the conterminous United States (Ref 66:, Td~)1E' ;. -2. p. 61). and 

HL - 0.1 ... 'ir for 895r, 15.4 VI' for 1105r , '3 VI' tor ~~.:.c.". 1.) VI' for 
1,7\,S. where these are the values ot'~.jint'd ill H,'ltl1I1 E't al. l12] 
tor Lak", Michigan (va lues for small t I anJ. III d lWl 1 akes could be 
quite different; e.g .. see Santschi ... ~ a: ',c:. 

Then. the following approximations to 1JINGf are "btciim,d 

Lakf's in CO'!'lterminous United States for 89S r 

(0 14 vr) (l.0) (370 ijvr-ind) 0.1 x ;1)8' U:dl 
iJINGF ---- ----i~( 2) (1,9 x' 1016l)'--

- 6 ' x 10- 7 (2.30) 

Lakes in Conterminous t'nited States for 90S r 

(l') 4 vr1 (1.0) (370 .v.'vr-ind) 0.7 'i. 1\'8 in<il 
i,OINCF - ----:r~)'O'9- ~1()T6i)----

- 7 4 x 10-) (? 31) 

Lakes in Con[prminOU5 Cnited Starps for 134Cs 

~l.J vr) (l.0) (370 i/vr-ind) (1.7,- :\!H iTal: 
t.; I Ncr - ---j~( ~l)--(l-Q ~-16-1 b -6) -----

- 6 .> x l()'& (2 32) 
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I ~ ') \' I) ,1 (I) ~ 71) i I yr· i nd ) \l. 1 x 10' ; I'! ' 

in(/) (14)( lolh f) 

)( 1:) ') I, 

Sl'\'t'! ,d ~ill1pl i,,! 1. cdlculd[ illlls tor ,,"I~\,F havp beE'11 .. i\·t·l' Th.,,,,, ('.t~, 

.-it'" illtt'lld",d tn pr~''.·idf' onlv a ha11pilrk pst imattP of :h.· '.'.1. a· "t '.,;:~;, F 
rt>cOllllN'I1(idt ion':> ill Tahl .. 2 16 for I.ll,,"CF art' suggpst,·" /.q \':,: .a:n.irv 
a .. "eSSmt·I'[~ of th.· dt iT'king .... dtf'r parh .... <Iv 

'Il .. , 

Va1ups for I.ll~GF 

lSllbn['f' River \,Rar.gE') ! <! ~. t.. . R. i ! ~ r t:~ ~ . _----_ .. -- -----............... - .... _-- - _ . 

H"'S r ::, )0; 10. 6 \ 1 x 10- 6 X 10-)' 2 x -. j,l , 
x 1 (! 'J 

1 

QtlSr ., x 10 h 
\ 1 x 11)·6 1 x lO - ')) :' x . ' :, ~: I . 

IJ:.Cs '> x 10 6 \ 1 x 10 - (, x 10'')) 2 x " " 1 \ t., 1 x l! ,. 

13;C5 ') x 10· b I 1 x 10- b x lO' ':l) 4 x ' :1 ~ 

" ' " 
,. , 111 ' ') , 

.----.-------. ----

The valuf's rp.commepded hef@ for "Rivpr" sYstE'ms ar(' "'OIT' ... ·~~ .. lt lo ..... ,!' :!·,x.: :~:t­

scr4l.'ening t'stirnatE's fc>r 1..·l~GF becausE' those calcula" i('l1S rr,,~"~':v 

und~restirnatpd pft.·cts due to binding to sediments ~!,,, ·.·.l:tU ... , for ql~i~.·p ;1:. 

those obtained for Lakt> Michigan and they should bE' "~t'l1 ','r:-.. hq .1 •.• .. r·. 1 arl .... 
lake The rang.es are subjectivt' estimates arJ are ::·:.r,,!. ! >, ~, •. ".,mr~t'.i .... t·" 
a log-uniform distrd".ltioll 

Althougl; it .... .:1<, obtainf'd too latE" [0 LISE" in ·r,." .~. "'r:~" "~ :1.. 
paramt'ters prest-nte1 hf're. a ust'ful sourcE' (,~ .r'~. :l1'.i::t,,: n:, "'!~t'l "~,, 

in the l'nicE'd Scares is Esttmated lisE' of 'W'a~.~_L :r .. :'_~·.~::":':'t"·t_s~'~t·2..1:_ 
148) bv 1J B Stdlev, r F HE'rk and R R r:t·[ ~,'~, -; ,'l:,\l:.H 1tll'+ 

1988) 

}. H 
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TJI~d.· .' I' ',lun,nnri".t·., !Ilt' hit'>t, vdlul'~ and ranr.t"s !.>! 'I,," ·,'.If 1.11,1.·., fur 
Ct··'ill"1·.-11'>1 011 

~~h.~l~~~ ____________ _ _ ________ ""'S-"'u:.:.:m"".m::.::S""f .... .i,..·---- .. ___ . ____ _ 
NR'oITR:-1 NumhtOr of rt'c;uspf'n~ion procpssf'S und.·! ('ol\<;itif'rrlt ion 

Valut' 1 

-------------------.---------- --------
RIo:C()Hl 

RI.:COFF2 

RIo1COFfl 

TR\JHLFI 

TR'..1ILF2 

TR\';1H.F3 

Resuspenslon cOf'fficit'nt for short It'l-m r(>su.,~wnSi()1l (m-l) 
Value 10-'). Ran&e 1O-b_l0-4. ~lmpli!l&.Distrihution: 
L'niform Rank correlation of 1 witt. RiOCOEL' and RI.:CllEF3. 
corrf'lat ion of -0 7') with TR\';'HUil, TR'..1H..i-I.'1 and TF.'oIHUI3 

Base 
Log 

rank 

Rt'suspPTlS ion coeff ic ipnt for intermt,d i at f' term rpsuspens ion 
(m- l ) Base Value_ 10-l Ran&£" ;1: AIO-f, Samplir.& 
Distribution. Log uniform Corrf'l,j'ion Siimf- as f"r R' .. :C·)EFl 

Resusppnsion coefficient for long t~rm r~~uspf'~sion Im:l) 
Value 10-q Ran&e 10- 8 -10- 10 Silrr.rl1L~ Dlstnb·Jtlon 
uniform. Correlations same as for R~(OEFl 

Base 
Log 

Half-lif€' (s) fo! resuspension coeftici~nt RI.:COEFl Base Value: 
16xl0 7 (-6 mn) Ran&e: 2.6xI06 -3 lxln7 (- 1-12 mn). Samplin& 
Distribution Log uniform. Rank cllrff'lat Ion of 1 ""ith TRlo.'HLF2 
and TR'-11LF1. rank correlat ion of -C " ... wi th R\,;COEF!. RI.:COEF2 and 
R'oICOEF3 

Half-life (5) fOT resuspension coefticier:t R\,;crHF2 [lase Value_ 
1 6xlO B (- ') vr). Ran&e: 3_lxI07. ~ :xl llR \- t 10 vri Samplin& 
Distribution Log uniform_ Correlations samt' as fUI TR!JHLFl_ 

Half-life (5) for resuspf'nsion coefficip~t RWCOEF3 Base Value: 
1.6xl09 (-')0 vr). Ran&e: 3.lx108_~ lxl0 9 (-10 100 yr). 

Samplin& Distribution. Log uniform Correlations same as for 
TR\.,THLFl 

Comment Since RWCOEFl. RWCOEF2, <Illd R'.:(t)EF 3 are assumed to have 
a rank correlation of I, a single v~riahlp can he ~ampled as a 
surrogate for all three. The same a~Jr1i .. !' to TR\,;H!.Fl. TR\.,l1Lf2, 
and TR\'l1Lf1. Thus, it is necessar'; !o <';'lmple onlv t ... o variables 
to implement these six variables. 
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TLt" 1~'''\I~pt"ll!>ipn m"dt'] in MAI'I'S is hllsE'c\ un ttn' r('s ,,,,"1,"11111 t.II'[III tlpprO<ldl 
nw It"""I','r,·.ioll Ltlfl'! 1\1 t I I III 1) 1~ dt·fitwd bv 

\ J J:., 

wl ... l., 

,l'! -til .','!It"l'lltr.itlou c1~'l'ml\ ,1/ It·",,<,!'(·tll!(,d <~. ivity.lf timt' 1 dfter ,111 

1:.11 :"il dt'PO"ltioll ,Llld 

I II MA'TS K r: t \ 1 .. dt,t i fll'd hv 

_\ 
L 

n 

i-I 

I(,E'XP (-'. tJ 
1 1 

11 - ~R'..lTr<.."i - TIIunber of resuspension proct'sses und .. r (ollsidE'ratioll (E' g . 
short -tt-rm. intermt'diate-tt'rm. and long-term r .... uspension). 

Ki - R~COEF(i) - rt'5uspt'nsion factor 1m- I , for thE' i th resuspE'nsion process. 
and 

1i - In\l"'i - ratE' constant \S-l) for the time-dt'pt'nd~n! rt'duction in 
r{>suspt'nsion factor K( 

"i - TR'':HLFli) - rt'suspE't1sion half-life (s) (i_e , rhtl rimE' period over 
which thE' ohsE'rvE'd air concentration will dE'crt'ast- bv 'It)\) 

An E'xcellE'r.t rf'viE'w of thE' data on resuspE'nsion is given b'l Sehm(>l [IO~_ As 
indicated by both tht- data in this rE'view and statements bv the author. there 
is grt'at uncertaintv in charactprizing rt'susp~nsion For thE' r~suspE'nsion 

model in MACeS. thE' data in Tablt.>s 12 7 and 12 9 ot SE'hmel wi 11 bt' USE'd to 
chliractf'riz(' restlspf"nsion factors (i e . thE' Ki in Equation 23'» Further. 
trw dat.a in TablE· 12 8 of SE'hm('l will bE' USE'd for gl1id.'lIlU- with rpspect to the 
rat(' constdnt ),i 

Thlfet- time ppriod<; li p . 11-3) ... ill be consid~red lrl tht> dt·fitdtion of the 
resu~p('nsion factors short tt'rm (it",. ~l). interrnrdlatr tprm (i e . 1(1), 

aoc! long {(-rm (i (' . Kj) Th(> short -tE'rm and intermt'diate-tt'rm resuspension 
is assumE'd to ('orrt'spond to tht' largE·r and interlDedlatt' siZt·d factors in 
S(·hmt·I, TahIp 1/ q Tht> long-tt·rm [('suspension cOln'~ponds to tht> values in 
S .. hltlt·l, TahIt- 1/ ~ and thE' smallt"r to valllt"s in Sehrn.·l, Tdt->lt· 1.) 4 Short -. 

l-)q 
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t.1 , ~l\h·l'lUt·diat,~-, lind long·tl'rrn n,'suspt'nsion is inlt'l.,j," 
!;, 'j"'l·t iVt.>l,,· to r('sl.lspe1lSiOll which tttkl>S pl/h't' (l\"'1 " 

,~lId .1 h·..., tt'rlS of Vt'ars "frt'r dt'posit ion 

, "I.' 11" • ~ \ ' 1 I ' .I t, ..... .,. •. " I " , 

Valla's for Ki .lld , l 

Bast' 
\' in i a h 1 t' Value Ran&t' I' Ilr~!r," 

K1 10- S 10- 6 - lC)-4 

r 1 b mon 1 - 12 mn 

1<; 10 - 7 10 8 10- 6 

T2 S yr 1-10 yr 

1<3 10- 9 10 -10 10- 8 

, 3 ')0 yr 10 -100 yr ... r - \ 1 ": 1 '.' s 

A1~hollgh the values in Table 2.18 are no~ incon"i..,rt-l:1 ... ·it!: rh .. , a,,'a:1dhlt:> 
data, it must be recognized that these quanliri.·<; arf' ,\,.'1'''' urtd'rraill 

Chang ... s in f'nvirOnlllental conditions are expf>cterl ttl h.,'\'f' itlVt'rsf' t'ftt'cts nn 
curresponding values of Ki and i. but very similar f'tt~c·s "n tht' S~~ of I<i 
values, and also on the st't of i values. Thus, tor samplill~'. rU1I-'0St'S. alt 
values of KI should be assumed to be strongly corrt'latt'd 't' ~ . r<ink 
corrE'lation of 1). all values of i should be as'>llmt'.i ttl h,' ..,~ rUI:f>. COl t't':.lted 
(E' g" rank correlation of I). and correspondinf, ..- .. l,w.., (,t J.:i dn..i Ti should be­
assumed to have a moderately strong, negativt" rdnk Cl'! {('ld' i"l\ It" h. n '''0), 

For comparison. values for Ki and 'I used in the RPdCful Stt~[~ 5~udv \i ~ 

'WASH-1;'OO) and 5uggf>sted in the review by Lass.:· .... h,~ .11.' lisrpd ill T.-lhl.,<; 
~ 1Q and! )0 

T db 1 e 2 1 'J . 

\'.:u iablf> 

Values in Reactor 
Safety Study [Ill 

10- " 

1 yr 
10- 9 

Value 

no decrt>asp 
.... i t h tim€' 

Tablt- : .'1) 

, , 
K' 

140 

...... tiUt' !> in 
l..a.,s~·v . 6': 

___ .~._lt_· __ 

'1;.;lU-'·1 

1 .• ITIll 
h]\} ") 

1 vt' . ' 
11l- tit'\.'! t1tiL\(' 

..., 1 t h 'i InP 
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J. EMERGENCY RESPONSE PARAMETEHS 

3.1 ru1l'U,Hion Parameters 

3.1. R~'COIIUI\f'JlClat tOil 

TI1(' v .. lll.1»1> in T.lble 1.1 for t'V~h'\Ii..It ion p"Llllletf'rS an' l-~'.·(Iml:l .. ndt,.t for th.· 
MACeS ~t;REC-ll')O calcl.llations. 

Table .3.1. Recommf'ndrd Evacuation Paramett:~l ':.du,·s 

Variahle De fin i t ion Sit€' ~d lUi: R'-,l1gf'd 

EDELAY (h) Evacuation Df'lay Time Sur ) -, i :' ') 

GG ~) ..., (] ... ' -, 1 }:..., 

PB (, ~l 1. 
Seq t> t) ') ) .0 " 

ESPEED Radial Evacuation Speed Sur S l) q 3 b 
GG ~ 

, 
- <+ ') 1 . 

PH .... S ! .h 6 8 
Seq S 1 . .' b .. 1 

a All sampling distributions should be uniform over ,t.t· ~~at.·d t.ltIf~~>S 

---------------------------------.--.--------

3.1.2 Data Sourc~s 

During 1985, NUS conducted a review for SNL of emeq~tll'-'" rt'spo:tS~' pLtns dnd 
estimates of evacuation times prepan·d for the utilities that run tlw fiv .... 
NUREG-1l50 reactors (Surry, Grand Gulf. Sequoyah, F",jeh pottore, ,md Zion) .md. 
as was appropriate, discussed emergency response aSS 1li11;lt iotls (0:' ~; • rVd,:Udt ioa 

delay period and average evacuation speed) with uti!;>~ rmt:'rgt'neY r .... sponse 
personnel. NUS submitted the results of this stUdy to S~L in l~ttpr reports 
to which wert> appended copies of pert inent document <It ion (t' S ' th{' ut iIi tv 
studies of est i mated Emergency Protect ion Zone (EPZ; c I f.'.lr'-U1Ct.' t im,-s) from 
which the data in the letter reports had been taken The ddta rrp~pnted here 
were drawn from tht> NUS reports and supporting docum."ntation 

3.1.3 Surry 

The Surry rf.'actor is located on thf> south side of th.> .l,lnW'> Ri·.·.·r On tht~ 

south side of the river within ten miles of ttll' r.:-a,'tol lit, ... dthin th .. 
EPZ), population densities are low. HowE'vee on the nunh ..,h1., of tlw d .... er- on 
the peninsula defined by the James and York ri.vers, population d.'nsitit .... '11~'.· 

high becausf' of the prest-nce of three cit ies: Wi 11 i dm<;htlq'" ~'~'~'port Nt·ws •• md 
Hampton. Should a severe accidt'nt ever occur at rh,> Sllrr. rt'dCtOl". {' .... ,leu.lt hm 
of this peninsula could be difficult h{'cClllse of the hir.h popul.tt ion den!:>it it's 
and b{>cause only two artE'rif's (161, <lnd US60) <lrt, .n.·.d 1..~,lt· to ... ~lrpol't ttw 

evacuation. 

3·1 

OAGI0000919 00061 



I 

: ,ht,· \ " ~""""lIt'i !,:I':: popull'l! illlls tur thd tlvt' CO'III! il'" !h,l! Ilt'l~.hh(lr tht· 
(U I\' '. i' , .. '111.1 t",r 11I1,t! t'~ (It plt· ... VIH·U;t! Ion l!i-lay pt'l I p,l. ... .lIld It\,t'rtl~',I" I'Vacudt ion 

"'1'\'\" 1"1,1 "111111110'1 :-'1I1Hl.tV. l\ Wll1!,'1 WI·~·k.ldV, ;)lId Ad'.'., ..... , W"ltlil'r (1.1111[('1" ie'€-' 

• 1.ll ·'t', I 

'~!II;! ).', • .L~"LLll~ 

.1.t[lI'· ... l:itv 
1\; i i t i ,111\~.bur gh 
)1' r \.:. 
\.·· .. ·1'\1 r r Nt'loiS 

., 111\,,'I,,lt, l,t 
'''; i f'ht 

h,t cil 

, f'nf'lli it t i Oil 

.... "l¥,htt'd) 

N of t<.i vt'r 
S of River 

Total 
I,Po~'ulation 

wt.~ighted) 

l.lh I t·1 ) 

-~ ... -.-- - --- ._-----_. -.. -"'---
E Pi. 
Pop 

.lXl~1 __ ~1 

1 h ') 

l I 6 
H 6 

'1 ) i 

:1 "I 

86 J 

B2,() 
4,) 

86) 

~u11lm\' r 
th' 1 dy 

- ( h) 

3. :l ') 
2,2':1 
1.2) 
) ~) ') '-

1 2') 

2.3 

1. 25 
1. 25 

1. t') 

~ulldd..:r: 
Spt,t·d 

lJllV h ) 

4.0 
'> . 7 
4.4 
}.O 

8.0 

4.0 

2.4 
8.0 

2.7 

Wi llte r 
nt-lay 

l h) 

1. 25 
1. 25 

1. 25 

-- --_.-.- ._-- - - .. 

\.'!.:..t"' \.:d,l)' 

Spt·t·rJ 

.....ill1'hl,-_ 

2 1 
B.O 

'3.0 

Ad\'t, r st' 

Dpliiv 
_ilil_ 

I ,2'1 
1. 2 ') 
1 }'1 

2'> 

.?') 

1 25 

1. 25 
l. 25 

1. 25 

Wf'ct tht- l' 

Speed 
(mph) 

1.6 
2.t 
t.) 
17 

8.0 

2.2 

1.8 
8.0 

2.1 

The population· ... eighted results for the five count ies at't:' probably superior to 
the population- ... eighted results for the data for North and South of the river. 
However, if the county data are used. estimates of the preevacuation delay 
period and average speed for a Win~er Weekday must be developed that are 
cons is tent ... i th the county dat.a for a Swnmer SunddY and Adverse Weather. 

The NUS study states that delays in excess of 1.2) h are expected only during 
the tourist season (summer months). Thus, a preevacuation delay period of 
1.1') h should apply to Winter Weekdays, ... hich agrees ... ith the NUS estimates 
for delays Nand S of the river on Winter Weekdays. 

The NUS average speed of 3.0 mph estimated from the data for Nand S of the 
river is inconsistent ... ith the population ... eighted aggregate county data, 
sinc~ the average evacuation speed for the Winter Weekday (3.0 mph) estimated 
[rom the data for Nand S of the river is lo ... er than the average speed for a 
Summer Sunday (4.0 mph) estimated from the county data. If the Summer Sunday 
~.O mph speed derived from county data is scaled by the ratio of the Winter 
Weekday speed 0.0 mph) to the Summer: Sunday speed (2.7 mph) developed from 
the Nand S of the river data, then an average evacuation speed of 4.4 mph 
results. 

3-2 

OAGI0000919 00062 



r~ \' ' ',I' \,,' II! h '. (l I t II,' \,,' " I 

,d:1I1 II t l "111 11,. 1\ I [ II" I "" r 
1\';' I ,'I 'lit , .r I 111' ! 1 IIII' 

.In' IoII'pk"nd d,:IV!j. <lIH1 t h,' '.1\1111110'1 t 11111 ! st sl""snll i" 
TlIl'II·!Ult'. HH~\\II1W that 5,,111111\'\ "\IIIII.!\' V.I\III·S iI\,plv \(\ 

\1\1 ~h,' "I',t'.t ,d \'lq',illl.l, dllt'in),. til" "'\1\1,,\ \\)"('PI111>,,\ .'1111\0111'.11 M,ll'l'h 21) 
1't:'·"il'lt.di,1(1 (,,,'\II'" .I\lnlll H 1"'11'('111 (It tilt-' limp It l'lt·,iplt.dlUl\ dllrinl", til(' 

.... illl,·1' i" .I','olllll,·'\ t" Ill,'dll lh.lt d SI'\'!'!'I' it'l' storm 11.1" o<"'lln,,d. rlwrl during iI 

full VI',I' .tt ~\lll\,. ,ld\'l·rs., ..... ,·.1l1Wl .... i11 l't'CUr abn,,! ,J 1"'n'I'11t of lilt' timl' 
Fil~.dl\'. h\' ditt.'I"Il<I'. \':il\~"1 \.:('t'ktldV \';dups will .I1'1'!\' (,P, PI'1'ct'll! of tlw 
t i In.· 

Ytlilrlv av('r,tgt> \"I!IU·S fur tht' prpt'v.'lcu<ltiol1 dt>lHv tilll\' dllri tllp avt>raf,l' 
1'\I.ICUclt ipl\ sp"t'd ,It lhl' Surrv silt' Ilia: now bl' E'sttlTldt.·t\ USiT1!-" rhp tllllowinf, 
"qu,1 t i Ull 

() 3 S -+ () 68 I.J -+ (J,Q) A - X ( 31) 

Tahlt' 3 3 prt'st'nts rht· year1\' avpra~t' values obtaiTwd usinp, this equal ion 

T.lh 1 t' 

Paramf'tpr 

Dt· 1 ay (b) 

Speed (mph) 

S'I1TV EV<I('uCition Pc'lrametel- Valu,·>.; E"rimdtt'd from thp 
S t" CI S n n S il n d T i Irrf' ··0 f I.J (' e k 

Summt'r \.:inter r\dVf'l-se Yearly 
Sunday WE't'kctay r~ ... '(ld t h(, r Avt'rage 

2,3 1. 7') 1 ~) ) 1. ') 7 
4,0 4.4 } 4,24 

Average evacuat iOll speeds for the Surry EPZ can bf' est imated in at least two 
other ways, From a map of the peninsula near Williamsburg, one can pstimatp 
the f01lowing maximum travE'l di!'.tances within the EPZ for population located 
on the peninsula: maximum travel distance to 164 - 7 mi; and thp maximum 
travel distance on 164 - 5 mi. Therefore, the avprage evacuation distance 
within the EPZ is about 6.0 ml - (1/2)(7 + 5). The Surry "Estimation of 
Evacuation Times" report prepared by PRe Voorhees gives clear time 
distributions for a Summer Sunday and a Winter Weekday, Th~ ~i:;tr-ibutions 

show that 50% of the popUlation in the EPZ will be ready to E'vacuatp in 1,0 h 
and will !tavt' clpared the EPZ in 2.6 h. Their average evacuation timE' is 
therefore 1.6 h. and their average speed is 3.7~ mph = 6,0 mi/l,6 h. 

The PRe Voorhees report also presents vehicle capacities (vellicles per hour) 
for the roads that .... ill be used to exit the EPZ for the counties that neighbor 
the Surry site. and for the number of vehicles available to support the 
evacuation in each county. From the number of vehicles aVililable and tl.e 
total EPZ population of each county, one can estimate that the average 
evacuating vehicle .... ill bp occupied by three people. Thus, from the county 
EPZ popUlations and vehicle capacities, one can estimat~ avpr~gp evacuation 
times. Table 3.4 presents thpsp estimates: 
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F~d imdt ion (It Surry F.viH'\..lat 1'1\1 '1'1111"., f 111111 

V,·hlch' CI~Mcit·tt"'''' IlIld Pnpul,,~ illl", 

.. __ .. _-.--... . . ., -.- -_._ .. _-_._._---

.- ..... _"':!!illll..::' -..... __________ _ 
~,\jll v'..'ir.hr 
J II Ill{> S ;' \,; l 1 1 I .1111 .. ;1 l( I I 11. h 
Ynl'k 
Nt'''''po l' t ~.,;.,...,s 

P"p·,l.! t Ion "",' i r.t! t .. d tot d 1 

El'l 
Pop 

.~:~.2 
I.. 

.) 8 

II IJ 

:!2....J 
H6 ') 

VI·h i (' I j' 
Capacl r , 

iuu..:.J~ 
b () 

J ) 

3 6 
9.h 

F\'dl'llitl 1(//\ 

Till,t· 
_ _Lll1 __ .. _ 

I) .", 

I) H 

L!J 
1 4 

-_._----_._._--------_._---------.------_.-_ ... _------.. _---

Sinc., t'V,-h'Uilt ion ld rbt' pto ninsu1a wi 11 o('('('['mi[l(> 8\',·1','1"(' "'.'d' 1I,j[ iorl sp"l,ds 
within thp EI'Z, thdt spt't'd call h .. ('slimat£'d to bf' .j )'l Ir'l'h - I) I) mi/l./~ h. 
""h,,'r.' h () i" th .. maximum travel rlistance within thi' Ff'Z 1111 th.· peninsula 

Givt'rl the prpcpdin~ results, a pre-evacuation delay pprind of 1 ~ hours and an 
aVl'ragr- eVi.ll'uation Sppt,d of':' 0 mph (18m s-l) al,' n'('mnmt'l\d"d for NL'REG-ll'10 
C iI I ell 1. i! i 0 T\ S for t h t' Sur r v sit,·. 

Tahlt., 3.'> presf'nts the f~vacuation delay time and f'V;tcuiltion speed rf'commended 
tor USf' at the SurrY site and compares the recomrnt-'THipct valups to those 
specified by thf' NRC for USf' in the first pass NUREl;-ll')l) cdlcu1ations: 

T;]ble 3.'). Values Recommended for Surry E· ... acuCltlon Paramf'ters 

Of' 1 ay (h) 
Spf'f'd (m 5. 1 ) 

1.1.4 Grand Gulf 

Recommended 
Value 

1.5 
l.8 

NRC 
1 0 
1 2 

Evacuation time estimates for the Grand Gulf site are based on a state-of-the­
art road network analysis. Data for pre-evacuation delay times and EPZ 
clearance times (delay time plus evacuation time) were developed for Weekdays, 
Weekend Days/Nights, and Adverse Weather (severe thundf'rstorms). Table 3.6 
presents the evacuation data. 

Tahle 1.6. Evacuation Data for Crand Gulf 

Average a Maximum 
Delay C1f'ar Evacuation Travel 
Time Time __ Time _ Distance Speed 

TimeLCondition (min) (min) (min) .-.lilL (min) {mQh} 
Wf'f'kday (WD) 4) 160 115 1 , Cl? 10 5.21 
Weekend/Night (WEI!') 4) 10) 60 n 10 10.0 
Adverse Weather ( A ) 4) 20') 160 '1 (, 7 10 3.7'1 L 

apelay times rangp(\ from 15 to 75 minutes, so lh.' ,l':prap' ctplav time is 45 
minutes 
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;\t tilt' l;rdlld (;ulf sit£>, l'rt'cipitation at rates in ":-,ll'SS ot n 1 in/h occurs 
•• ho\lr / pt'rl't'llt ot I lit, I jme. If rain at nHes tha~ t':-;C(·j·d U 1 in!h is aSSlllllt·d 

to tnt'dn thd! d St'\"'!",' thUfltit'rstolin is occurring. ttlt'll "d\'t'I'St' Wl'dther will 
:dsl> o~'('\lr ilt tlw l;r.lIl(i (;ult !>itf' about 2 percent oj tilt· tilnt,. 

Yl'Hl!V iJVl'rii~~t' pI't>·t-'\,ii~·\ldt ion times clnd aVl'ratge ev,u·U.nioll spt'eds elll bE' 

~·;-dntl;\tl·d frum tht'st" data u~irtg tIlt' following equ.ltion 

U.02 A+ OY~ :0':> N -+ O.':>iO.ll WD t () 24 I.:EI: - X (3. } ) 

""hl('re 0 /l = //i, <\lIU O~)q = '>/ Substitution of ttw ('Vdcu •• tion dE>lav tilnes 
and 5P('l:'tis li!>tt'd in the ~'re('E'ding table into this equation yields a yearly 
averagp evacuation delav tim. of 4':> min - O.7~ hand d yearly average 
f·'.'3,-'uc1tion Spt'l'd of H .' mph .. 3 I rn 5- 1 . Table 3.' pJ'('sents the evacuation 
dl·lay time and eV,iC1.,lt ion spet·d recommended for us.' at thr Grand Gulf site and 
cornpart"s the recorrunt'llded va.lues !:o those specified IJv the ~;RC for us.:' in thi" 
f i r5 t pass t.TREC - 11)0 caleul at. il.!1S: 

Tablt' J. 7 

Dt:·lay (h I 
SpN·d (m s-l) 

'.'alues l{ecomrnended for l,r<iIld CuI t 
and Evacuation Paramett'r~ 

Recommended 
Value 

0.75 
3.7 

1.2')a 

2 0 

a where 1.2') h - 75 min. the maximum prp·evacuation 
delay timf'. 

3.1.4 Peach Bottom 

Estimat~s of total EPZ clearance times and pre-evacuation delay times 
(expressf'd if I minutes after offsite warning) have been r~ported bv the 
Philadelphia Elf'ctric Company for the five counties (Lancaster. York, Chester, 
Cecil, and Harford) that neighbor t~le Peach Bottom site. Values are report~'d 
for two typE'S of w(·atlwr (normal and adverse). two seasons of the year (winter 
and summer). and two times of d<'iy (daytime and nigitrtimel. Thf' estimates 101('1'(' 
developed using a state-of-the-art road network anah·sis. Table 3.8 presents 
('st imates of the prpE-vacuat ion de lay time and the t'\"acuat ion time. where 

Evacua t ion Time - Tot a1 EPZ Clearance Time - Pl"e - t'vaeuat ion De lay Time 

for pach county and St't of conditions (prevailing weather. spason, time of 
day). Also presE'nted for each county are the dlstanct> to the EPZ boundary clOd 
th. population within the EPZ. 
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l'" I. Il- I ~ 1"',ll'lI Kot l (Jill E\'anliH lon D,I t d 

~ .. " .- .~--.-~ .. -- ---.- _ ...• _-----------. 
_______ J~~)\l! 1.1.::: ....... ____ .. - ..... -- ..... - \'opulation 

~·h' i F,II t t'd 
,.! ~ '\ . !l:c.L·.' 1 l'2Jh L'.~,:!,t p r 0'.!::.il Illr.0.:L~ AVt,~ 

l'~'.1'lILt 1_.!.'~11 

ill. 1.' wi x Ili \ \ ! 'I I 'I ) H 4.2 1:' .9 47.0 L 

FV'h'\ldt i I'll 

!2...t..:~ .. !_.'JD~ l: llli i \ 1 I 1. 1 1') 12 \2 12. b 

Q.~_h!\~' 

~~onnill 'wt",tl,!'!, 

Dt'l av T i Illl' H ') BO 8R 75 8n 82 

EVdCU,i t i Oll Timv 
\.iintt-r tj") Btl 7') J'J 90 88 
Summer q ') 8n ! 5 15 9Ll 88 

Adverse weatht'j' 
Del",\, Timt· luO 9') q8 8') 9'1 96 
EVdcuation T i In., 

winter l(lU 10) /''J J) q ') 9tJ 
SWllmer lln 10:) 75 7') ]0') 1,) 7 

!Ilightt imp 

Normal t..,'eathE'r 
Delay Time ':"J 40 53 40 4() 41 
Evacuation Ti'lle 
Winter SO 50 :.0 40 ')0 49 
Summer 6l) SO 40 40 60 55 

Adverse \,.;eather 
Delay Time ':'0 40 53 40 .:.0 41 
Evacuation Time 
winter ~o 70 50 50 80 70 
Summer qo 70 50 50 90 81 

Yearly averag~ values of pre·evacuation delay tim~s and evacuation times can 
be calculated from t!lis data using the following equation 

-
O.O~IO 2~(SDA + \.iDA + S~A t ~NA): + 0.95~O,25(SD~ + ~DN + SNN + WNN1] X. 

where 

SDA = summf>l' , davt ime, .ldverse weathel. 
WDA - winter. daytime, adverse weather 
SNA - summer, ni~httimp. adverse weather 
WNA winu,r. tlif,httime. advt~rse weather 
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i, 
:'1 

:1 
I 

:---'!'~ '- \ IIIHl! ~ I d,l" ! i IIll- , 11(1 r1Tlii 1 Wt'<l1 h,> r 
.. ':'\ ~ 1 I (' ~' I d 1\1 I 11It' , IW1'1TI.II W"ill htl r . , , , . , .'\ 1'll',', II I II II t I illt', IHll"ma 1 loIi'dt'hi>r 
• 0llr, \ 

~ ~ ! d ,. I II I 1') It t i lUI' • 1l0111ldl IoIPHth~~r .. , , 

tll.t ,.t.'t: '" ""1' ,It 1 ... , .... ·t·.it hl'r t hat rf'dllct'~ road Cd\'.!1 it 1 t", h,' Itl" t' f. . S!1tlW. 

I,,· :.11:. '~',' io, .l ... SIUllt·d t.l tl,'CUI" 'll of tht' tilllt, q'l't'l'illitiltioll OCCUIS 

I!'I: :\i, .,! .. ':' h "1\ .>1 tht· /I(1llrS in til .. Vt~ilr at tht' Pl· .. ,'1t Hilt tOni silt·, 

:-;'t!'-.l:";::,·l, .,1 :11,' l'rt',t'\'d,'udtioll df,lilv timl:'s Blld t'\';ICIL'lliolt lilnt'S lisll'd in 
'~:t, i'l"".!:!,!,- :.d\\,· 1111,) this f'qu.llilln yields a \'Pdrlv ,;\"'rd~~ prf't'\,il('Uilliorl 

d,·: I'; 'lilt' '1 h,' 111:11 ~ l (1 h dl\d .1 v('drly avera!,!", P'.':l,'II.1t illn ! in\(' ot /1 min = 

I . ~ I. 
1.' I, :1' i 

~':I,,' :1", ~1"I"ILltillll wf'ight ... ct straight-lill.· ,·\',j"l.tli(llt dislancf' i~, 

':,; .... .I", I ,'rl' <'\'d,'II.I! i('n timE' ('oITespond'; ro rlJl ",.','1.1('.(' t'\'d,'llat ion 
I: I !., Kin'" . 1 

!.,: ! itt 1"',1, L I' .. H ~"1lI .... itt· dl.d. contra!'f'S thf' I'(>COI1:::'. !,,!,'d \",'111,''> to thnSl' 
Sj"','l t It"'\ b',' lIlt, :-';F, 1"1" liSt" in tht" first pass ~;l·Ph. ; 1 ·tl ,',d,'uLll inns' 

T.dl: t' \ <.i 

Dt·l,i', \h\ 
S t' t' (d (Ill s" 1 ) 

\'cilut"s Rf'l.ommendf'd tOI I't·,;,'L p,,·t: pm 

EVilclliition Parampters 

Rp('ommf'ndpd 

Value 

1 , () 1.' ') 
} (l 

Eqim.it"s ot cl,·"r times for the Sequoyah site '1!t· t'rt",t'l~~l'd in tht' 

Multi;urisdictiol\,:il En:wrgencv Response Plan prer"l't'd L,r tktr sitt> hv thl" 
St.,te of Tt:'nn('ssl"f' Thdt plan divides populatic'l1 il1~(' t .... ·,) ~~lOUpS. I'psidf'::ts 
and tl"Hlsit·nts. whprE' transients are pri:narily l'O:'0r1f' ' .. ;!.o \'i~it ttw rivPl- to 
s""im or pi,:nic during summer months (June thrOl.lf.h St?ptt·mh .. r) For each of 
th.·s(· populatiun grnups. and for both together. tlll' pLlTi t'<;ilT!.ltt'S c1 ... ar tim('s 

for f';I,h ot 28 St'ctors within the lO-m EPZ. Th.· ...... cl.·ar tim" t'stim.1tes an· 
p r f' S t'n t p din T a hIt' 1, 1 0 , 
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Tithlf' I 1 () . St>\,lllOYilh ~:\,{lt'\Hlt \'11 Dol t ,1 

~-.----.---.- .. . - -- .. --.. --.-"----.,--.-~ .. ~. •. __ •• ~. ____ "~_""d __ ". 
"~ .... "._--_ .. -_. __ ._-

.:i.\:'U_~l - ... _. ___ mllL.! 1.1g.ll __ . _ . 
-.~.-.. -.----- .. --. ~'h,!.tt litlli: _ 111L ____ . __ . __ 

R~l~!tllL'i Tl d.!1 ~ 1. t.: uL':! __ .. K\':l:!D.h'.u.lJi. ___ ._ . _IL' II " .l '- r I r .~~ ... _. _._.~Q .. UL ___ .. 
ti.!.!I!!h.!l 6.~Yi'--Ui.1: t:!...0.Ll!l,1 l 1\''\ ,.' .~' L ~~' t.J .'] .L!lli!l ll!.!y!: L~ 

".' 1 I..'lll I 'I (l() 'I .'1.) b ()O ) ') ( , " f. (1(J 6 I ') . , . 
A .• 1 I, q() f.llU 'J ) ') h ()Il JJ ') ( ) I' 

• I f, O() 6.7') 

A·l 1 " / ') 'I .? l) b DO h .00 h. 1') 

A· I. 6hO , 
" ()O \ . no ] . / ') , . , 

A-') 1 100 .:. / l) 'I llU ') .n(l ) . I 'J 
Ab lOB') 1 3, () I. BH I. td 1. '::1(1 1'1 4 61 '1.38 
B-1 B,)O 2()()() -") .9f, ],6Q 1 . 51) 

., . } ~) 1 f,Q 4 1..4 .. . 
B·2 bOO llhO 2 61 3 42 1 . '-,11 2 " {) 1 42 4.17 
8-3 8i, '::I ? 83 3 ')8 3.')8 4.33 
B - L, 410 yO(l :.,0 3 . 2'-> 1 . ~,I' , 

,'') '3 2') I • . 00 
B-) 11 Q ') 3 1 7 3.92 3.92 4.67 
B-6 160 SO 4 7') ' .. "} ') ).00 

B·7 2)() : 2':> 3 Oil 3.00 3.7) 
8-8 6 L, ') ] 50 I 2') 4.25 ').00 .... 
Col lOLtO 1')0 '3 ')0 i, 25 1 ',.;) I .? ') ::'.2) ') 00 
C-2 194) )700 3,50 " 2') ;1 L,.(J )L, 4.2') S.OO . 
C-) 1810 ) on 3. 7 ') 3 7) 4.25 
C-4 7)0 '3 )0 4 2') 4 2') 5.00 
C-5 44"> 2 ')0 3 2"> 3.2) 4.00 
C-6 1670 3 13 3.88 1.88 4.63 
C- 7 1880 /3') ) 08 3 83 , 

"if; \ :') 3.83 4.58 < . 

C-8 2440 4000 L 5U 4. 2) 2 .. )() 3 2'-; 4.25 5.00 
D- 1 300 I} ')(l '-; .2"- 6 .on 'J )() 3 :') 6.00 6.7) < . 

D- 2 .~ "> 8 5 1 ')00 ':><", 6 00 3.H>I. i. h ~ 6.00 6.75 
D· 3 34)0 .:. 7') ') ')0 ')50 6.25 
D-4 16')0 I • . 00 4 . 7':> 4. 75 5.'>0 
D- 5 10340 4. ':>() ':>.2':> 5.2'::1 6.00 
D-6 2880 ':»00 ') ;>') 6 00 S ' . , fJ on 6.00 6.75 . 

Sum f. 12 60 ;'1.0) " 

Population 
1,.;eighted Sllm 4.17 4 92 4.90 5.6') 

The clear timf' I"stimatf's rrf'spntE'd in Tahlf.' ).1() r.,,-,t orl th ... following four 
assumptions: 

(1) \Jhenevpr tl:<~ residenti.al populatinn o! til ... full FPZ is 
evacuatpd, the dplay betwppn notificatioT\ te, t-'vaclIatp and 
the actual stilrt of evacuat ion is 1. 7" h 

(2) \Jhpn thp full EPZ is eViH·uatE.>d, advpr<;'· ""(',Ith"r ,snow or 
flooding) lengttH'ns evacuation times 11 ... :.'J mill. 

(3) Clpar t imps for res ident s are If'ngtherlPd b ... · 4 'J min. 
whf'never the recreat innal transient popuLi! ion f''I.'dCuates 
with the rl'sidential population. 
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I' 

II 
fl'! I: : :"i, 

(4) Dt"lay times are not lengthened by adverse wE'dtht-'r 

At Kr\()~v.l1t', T~, totdl \'t>arly precipitation averagps 
las 5:'01.1) averages 1.) 3 inches, Since the densitv of 
tlU' d.-nsity of snow is ahout (1 1 ~:'l"m1. the Knoxv"illt-' 

4; 7Y inchE's and SlIOW 

water is 1 0 g/cm1 and 
d.H d sllggest that about 

~' fJ P j' r (' e n t 

:. b - IOU 12 3\() 1 )/~7 49(1 () 

of :.;11 pl-pci~itation at th .. St>quovah site will be SllOW At the Sequovah site. 
r.iin occurs during " (.wrcent of th .. hours of the y.-dr. and intensr rain (rain 
l-att· gn'ater th3n b mmlh for one h) occurs less than U I') p",rcent of the tilne 
"durinf, anI\' 13 (d 8760 h), If rain at a rate of 6 mlll/h is assumed to 
indicate flooding, then adverse weather (flooding Gr sno .... falU will occur at 
thp S~quoyah site less than "3 percent of the time. Finallv. if significant 
transient population is assumed to bt> present within the EPZ only on .... et>kend 
da\s during the months of June through September. tht'n the fraction of time 
.... h~~ buth the resid .. ntial and the transient popula: ions will evacuate together 
wi 11 h.' (J 1 = (4,' 12 ) ( '2/-; ) , 

The f(>llowing equation can now be ust'd to estimatf- d \'earlv avt>rage clear time 
tor th<' fOnt i rto S€'ql:ovah EPZ: 

-

fA\fRt RA ... fstSA) ... fN(fRtR.~'" fstSr-;) - X 

where 

fA fraction rimp adverse weather prevails - 0 03, 

fN fraction timp normal weather prevails - 0 U' 

fR - fraction timl' only residential population PVdcuates - 0.9, 

fB fraction time hoth residential and transi~nt rorulation evacuates 
0.1. 

(3.3) 

tR.A. - clear time during adverse weather when onlv tht> residential population 
evacuates - 4 90 h. 

tSA - clear timt:' during adverse weather when bolll the rt"sidential and the 
transient population evacuate - ~.6S h. 

tRJ\ - clear timt' during normal weather when onlY the resid~'nt ial population 
evaruates - 4,17 h, and 

tSA - clear time during normal weather when both the residential and the 
transient population evacuates - 4.92 h. 

Sub!>t i tut ion of the parameter values given above now yields an averagt> ~~lear 

time of 4.27 hours and thus an average evacuation time at 2.~2 h - 4.27 h -
1.7'J h whirE" 1,7) h ~s the delay time before evacuation commt"nces. 
Accordingly. 397 mph - 10 ml/2.52 h - 1.8 m 5- 1 is a rt~asollable E'stimate of 
average evacuation speeds within the Sequoyah EPZ whpn the avprage is taken 
oYpr all weather conditions and all evacuating populations, Table 1.11 
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i'l-"'St:'llt s ! ll~- t'ViH·':"lt iOIl delay t i/lle and evacuat ion spi:'«d rt"commf'ndt.-d for USf' at 
:llt' S"Ij\lo\,.11l silt· <And compares the recommended valllt"s ttl ttlOse spl'cifil'd by 
:lw !"R(' tor usp ill the first PIISS NUREG-llSO calcl-dat lon:" 

1.111 I t" I I I \/alll~'S Rt.'commended for Sequoyah EViil'Uat inn Pal."amf'ters 

... -----_. __ ._------_._-----------

Dt'lav (h) 
Spt'l:'d \ 111 s· 1) 

Rt'comnwnded 
ValuE! 

1. 75 
1.8 

; ) Shi ... ldin& Factors and Breathln& Rate 

\. 1 1 R~'l'orrL!llf'nddt inn 

1.7 
1.2 

:-h", shit'lding factor values and breathing rate in Table :3 .12 are recommended 
t01' use in MAces NUREG-1l50 calculations. In Tabl .. :3 12. BRRATE - breathing 
:.)lte. t:SFACT - cloudshine shielding factor, GSFACT - groundshine shielding 
factor. PROTI!" - inhalation protection factor, and SKPFAC - skin protection 
r j] C t (1 r 

\'" 1'i db 1 e 

BRRATE 

CSFACT 

GSFA.CT 

PROTIN' 

SKPFAC 

Table 3.12. Recommended Shi.lding Factor Values 

Crnits) Activity 

( 1 i tel'S / day,) A 11 

(unit less) Evacuation 
Normal Activity 
Active Sheltering 

(unitless) Evacuation 
Normal Activity 
Active Sheltering 

(unitless) Evacuation 
Normal Activity 
Active Sheltering 

(unitless) Evacuation 
Normal Activity 
Active Sheltering 

Sire 

All 

All 
All 
Zion 

Gl; 

PB 
Sur 
Seq 

All 
A 11 
Zion 

CC 
PB 

Sur 
St'q 

All 
All 
i,l 1 

All 
All 
All 

VCllut' 

) 3 x lll4 ~ 

1 0 
0 7') 

() ') 

( ! 

() ') 

n. 6 
0.65 

() ') 

l1 .... 

U 1 
0.2') 
0 1 
O. 2 
(1 . '1 

'-

1 0 
0., 
0 2 

1.0 
0.') 

0) ... 

Ran&e* 

(0 Q-2.6) x 104 

n/a 
0.6-0. 95 
0.4-0 .6 
0.6-0 8 
0.4-0.6 
0.5-0.7 
O. 55-0 75 

O. 3-0.7 
0 2-0.75 
0 03-0.2 
0.1-D.4 
002-0.2 
0.1-0.3 
U 1- O. 3') 

n/a 
0 15- 1 .0 
0 1- 0 4 

nla 
0.1')-1.0 
0.1-0.4 

* All sampling distributions should be uniform ovpr th~ stated ranges. 
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'[ltbl .. 313 Building Inhalation and Skin Shlt·1c11n~. Factors 
(Indoor/Outdoor Ratios) 

P ,if lie it, S i l~ t" 

B{lTli:,t' l;'4mL-

II (l ') 0 , , 
() 1 () b) 

. - 1 
(J ) 

() b'l ~IU 

-,. 1 

() 4 

0 4 

0 b 

0 2 
().2 

0 1 - 0.) 

: 7 j 
: ~; 
; l~ ! 
~ b 1 
: 3] 
[4 ) 
[ :, 1 

Th!:'st' deHa SllggC'St that small particles (0.1 - 1 jJml will havp an 
indoor /outdoor rat io of about 0.5, while large par~ ides (1 - 20 jJm) will have 
illctoOrjOlltdoor ratios of about 0.2. Since mass and therpforp radioactivity 
will be concentrated in a distribution's large particles. usp of a value 
smaller than 0.5 IS indicated. 

Indoor/Outdoor inhalation dose ratios have been calculated by Aldrich for a 
singlp compartment subject both to infiltration and vpntilation [8]. As 
dprived by Aldrich. this ratio is directly proportional to the fraction of the 
plume that penetrates the compartment (indoor/outdoor concentration ratio). 
Using best estimate values for model parameters (including a penetration 
fraction, indoor/outdoor concentration ratio, of 0.85). Aldrich found this 
dose ratio to have a value of about 0.6. Use of a penetration fraction of 0.3 
would lower Aldrich's indoor/outdoor dose ratio to about 0 2. 

Opening windows is observed rapidly to increase indoor/outdoor ratios. If 
windows are assumed to be open during the summer. then a time weighted 
summation of an indoor/outdoor ratio of 1.0 for the swnmer (3 months) and 0.2 
for the rest of the year (9 months) yields an average indoor/outdoor ratio of 
0.4. 

Accordingly. for people in buildings, skin and inhalation protection factors 
of 0.2 (rAnge 0.1 to 0.4) if actively taking shelter and 0.4 (range 0.1 to 
l.0) if continuing normal activity are recommend~·d For people outdoo:-s and 
evacuating in vehicles, skin and inhalation protection factors of 1.0 (no 
significant protection) should be assumed. 

1.2.2.1 Reference Doses 

External radiation doses to individuals are reduced by materials (e.g., hills, 
buildings, building walls if indoors) that are between the individual and the 
radiation source. The reduction, which is usually called the "shielding 
factor," is defined by the following equation: 

s D/Dref (3.4) 

where S is the shielding factor, D is the dose received, and Dref is the 
reference dose, which is the groundshine dose that would be received by an 
individual standing on a contaminated, completelv smooth. infinite plane or 
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I h." ,11'IIl\ •• ldTlt' (\0.,., till,! would Ill' l"t,\',·iI ... ,d hv 1111 II'o\l\'1 I"," 11111111",,,,11 til rI 

,"lIl,!<lmln,ltt'd llltlll\!'" ('\1 1\11\ (tile' .'Ih·('t~i of "111\1", I""" oIll1l1"ll·,I(lI1~, d."\ [11 

lIlltl'l\iIH' \(II',:tI\"lIh 1111 \'lolld,.,ldrw '\('~it·S "UfO tH'lilt" III ~1,\1\', ,,'.111/', 1111' , •• ",1 
11\111111,' ,'lolld I'ort.·,'t [1111 t.wllll) 

l't'ol'\" O\ltdl"'1~' III.IV Ill' 1',11'1 Ld Iv !-oldt'ld.,d from il {'(''It.l1l1111,,:,,.1 .1111101 I,v 
buildings illld hill ... Slll,'t· Ihi .. shi"ldillf, ih !Ikf'l', III I .. , l"lOl14 111111.,d IIld\' 1,'1 
1"'1\1' It' lUI'/I!,·d ill "r!'dll ~;tlt·t·1 ,'ally(lIl~, II cioudshllll' ... 11i.,ldil'I'. 101",,11 "I II 

tor ~H'opl(· outdllnrs is n'('llIn1nt·llll,·d till liSt' in lwst '· ... IIIII.d.· MAI'I ~ 

c;dcula! Ions 

l't·oplt' wh(l ,11'(' outdooro.; ,lift- shl.·ldt>d from ,·oTl!mnlndt.·,j f,1["llld Illlt /llll\' h'l 
huildings /.II\(\ hills hUI ~do.,(l bv thE' \'()ught1t'sS of till' «lIII.llIllll.1I(,d ),,1 ''''I\(\ 

surLIl'tS It'' g" dilt. lnwns, pdVt-mtOOnt) Tlw nvt'ror' ,>11I.'ldill!" I'III\:id .. d h\" 

suburhan 1<11\(1 will dt'pt'lld on how much 01 that land ,'> '\I'i".!1" tll'volt'd tIl 

liCIlI'iPS, 1 <i .... ns , Hnd IHlvt'lIlt'nt COllsid{'r a lOOn f t ') h,,,,,><, .. ,'. It? I (Ill .I '111 .. 1 t I I 

,H'ff' (lOll ttl) lot tront{'d hv a '_\-ft·wide sidpwalk "lld It,dl (II a I;'tt loIid. 
road I f tilt' roof of thE' hOllse has Ci surfacf' roughll,'.,., Ilk., r 11 •• 1 "f Pd':"II1('Il! 

thell thl fraction of suburhan land df'vot£'d to lawn'> i-. dhnut :1 (,'. dl,d rht, 
tract inn dpvot£'d to paVpmE'llt is Clbollt 0.3), 

") 

( 1 00 ) .. - r [ • ., I • o 6 7 - - '-- - -- .,. --.:.. 
100(100 + 3 • Ihl 

I ~ L),) 

Accordingly. using surface roughlless shielding factor., :11; (It () H for lilW11 ;111<1 
of 0,9] tor pavE'm(·nt yif'lds an averagE' sllrface rou!',J.tws,> ~hit'ldiTlf, l",ct(lr {Ol 

suburban surf Clces of 0, 8l. , 

The shielding from groundshine provid£'d by building., to p .... oplt' locatt'ti 
outdoors can be £'st imated by a view factor calculat ion I-'lIl t'xamplt-. a SljU.lI'­

house. 4~j ft on a side, located at thE' center of a squart· quart PI' aen' lot 
will scre£'n abo'lt 16 degrees of ::.he horizon from tlw vi.,w of a p('r'soll, .... ho i'> 
standing at the interst'ction of the lot sideline loIith tht· c~'n[t'rl in." 01 thl' 
street that fronts the lot, Thus. assuming obstruct iOll 1)1 vi('w principally h\' 
the four nearl'st houses, groundshine reduction duE' to "',f'·(·llin,· hv uuildinr,o., 
.... ill he about 0,6 - 1 - 4(36/360). 

Table 3_14 pr{>s{"nts t'stlmates for oVE'r811 urban ar.d SUI)111'hall shit'lding factors 
for people located outdoors 

Tahle 1.14 Urban and Suburban Skidding Factors for rpopl~ I~eat~d Outdoors 

Location 
Urban Copenhagen 
Street canyon 
Suhurban Copenhagen 
Urban areas 
Lawns. trees, and streets (after 

dry deposition) 
Lawns lwd s t rpt' t s (depos it ion 

during hPiiVY rain, little 
df'poS i t iOIl to tre£' lE'ewes) 

Shieldin& Fill'tor 
0.06 
0,1 
0.6 

0.3 O.l 
0.'> . 2_0 

0.2 - 0.) 

Rt, ft, n'rWl' 

[ 1 () i 
ill ) 
IhJI 
[111 
ill] 

[ ) I J 

--------------------,---~- -- ---
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(1) tht> <lIllOllllt c,f m,itli:'rial dt'p(l~;irt·d Ill' trt't.' \ •.. ,"" '" dh"'l: ,tit· h~lt '~i" 

dllloUlIt dt,p"<' i t t,d on t h.· ~·,r("lnd. 

\~') thp shit,lding tactor tC·l' 111.i:f-ILd d"'posi:"d 0', ~!.·t 1.·;;\'.· ... i .... ' I) 

I thi!'> lIUmh"l is laq',t·(, rholl 1 n ht'caUbt' '\'t· 1.·"':,·,, ()t .1 t n'.' ,,1'1' .1 

~m"(\th \'('rr ic,d pLlndl SOll('l't-» dlld th£> rLl'l~·,Ll1t·""" ..,hil·ldiT'~ t.h'tol' till' 

m d t p rid 1 d t· p ('!-. itt- d (l r: sub II r h ,1 n ,; \I r t i.1<' t' s i... ;, i'i. cI !l d 

(3, bl.dldings and hills l'",duc/:' I:'xpusur",s to l1Id:t'rial ... dt·i'ositl·d on :.n.· 
lea\'li:'s and on the ground bv a factor of 0 ~. 

thf'n. in 'igrt't'ment with Ostmeyer and Helton ~la: iiI! ()\'t'ra~ 1 !:ohi.eldini, ta,-~()r 

uf 0 73 can be calculated for people locatf'd auditol s ill Subllfhan arf'as as 
follows' 

o . 7 j - O. 6: 0 J'3 ( 2 . 0) ... O. b 7 ) R .. I ' 

Increasing the fraction of material deposited O~ trep leaves to O~ from 0 ~1 

lncrf'ases the overall shielding factor to 0 8<' :.h'cr":tsing the fracti.on 
deposited on tree leaves to 0 2'>, lowers the oVf-ra:l shielding factor to () 68 
Accordingly, an cVt'rall groundshine shielding f;'~',::or of 0 ' for people loc~tec! 

outdoors is suggested for use in best estimate MA:'~-S calcul:itions. For 
sensitivity studies a rangt' of 0.2 - 1 0 should b., a!:osurned tor :his factor, 

3,2 2.S Mass Thickness 

The shielding pro\'idf'd bv a material is din·cth P:'CportioIl,i! ':0 its rnd~'" 

thickness. which is the prodllct of the density (d ~he mdterirll and its 
thickness. Densities for typical building materid!s!1, are presentrd in 
Table 3.1S. 

Table 3.15, Densities of Bllild~l:g. !1a~t"rials 

~aterial 

aluminum 
aspha 1 ttun, L:H 

brick 
('oncrE-te block 
glass 
g., psurn (wdllbo.lrti) 
insula.tion 
steel 
Portland cernf'nt 
wood (pine) 

DE'ns 1 ~ \' 
\ 

\&/qn l 
2.6 
1 
1 I; 

I ~ 

J 
0, 

From these data. approxim.'lt(' mass thickntsst>s. md',' hf' t'all'u;.it(·d fer s('vt'rdl 
types of wall construction typical of I' S. hm.lst ... 
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\JOO!) FRAMI:o~ !lOUSES FACED \JTTU WOOD, ALt'M 1 NtiM. OR sTt'CCn 

n I!')" aluminum .. l) '>" wood + ],0" insulation + n.')" wHllhflJtrd 

'1 
• () ')(0 '-)) .. 30(06':1) .. O.':I(0.9n: - 7 6 ~/cm' 

(l ')" wood sid i II~', .• (l '>" wood + .~" I nsu 1<1 t ion + O. '"J" Wii 11 b()<1 rd 

" 

1 4 g/rm' 

n !')" stuccn ~ 0 ')" wallhoard .. 3.0" insulation ~ 0 ')" wallboard 

BRICK AND CONCRETE BLOCK HOUSES 

2.5" brick i O.~" wallboard .. 1.0" insulation + 0 ~" wallboard 

~ 54[2,5(18) + 0 ~(0.q3) .. 3.0(0.65) .. 0.5(0,91)) - 18.! g/cm 2 

0.7)" stucco + ),0" cement + 0.5" wallboard 

') 

2,54[0.75(3.1) .. 3.0(23) .. 0.5(0.93») - 24.6 g!cm' 

ROOFS 

0.25" asphalt shingles + 0.5" wood + O.S" wallboard 

2,~4[0,2S(I.2) + 0.5(0.5) + 0.5(0.93)] - 2.6 g/cm2 

FLOORS 

0.5" wood + 0.5" wallboard 

2.54[0.5(0.5) + 0.5(0.93)] - 1.8 g/cm2 

In agreement with Ostmeyer and Helton lib], these qualitative calculations 
suggest that 10 g/cm2 is a typical mass thickness for wood frame houses faced 
with wood siding. aluminum siding, or stucco, and that 20 g/cm2 is a typical 
mass thickness for brick or concrete block houses 

3,2.2.6 Vehicular Shielding Factors 

An eighth of an inch of steel corrpsponds to a mass thickness of 25 g/cm2 and 
an eighth of an inch of glass to a mass thickness of 0.8 g/cm2 , neither of 
which is sufficient to provide significant shielding from a radioactivp plume. 
Therefore. sincp the interior space of cars and hus;:>,> will not exclude a 
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significant frani.on of ttw plumf' , tht> valuE' of tl1l' (lnucishlll(, shit>ldiTlF, 
{actor for ,,(·hie!t·s should ho assumt'd to be 1.0. 

The shit>ldlng affontt'd t1V Vt·hidf's from pxp()sure to cOlltamlnatt>d F,round has 
b('en examlrlE'd exp(>rlmt>ntally by comparing the dost· r,Ht' in th£' v('hicle to the 
dose rate outside the vphiclp : 1~.161. Data for IrlrS and hU5PS arf' prespntpd 
in Tat 1(' 3.16. 

Table 3.16. Vphicle GroLlndshine Stti£'lding Fact.ors 

Vehicle Indoor/Outdoor Ratio Rpfprence 

Cars 0 6 - 0,7 i 1£): 
0.3 - 0,6 r 1 7 1 • J 

Buses 0) - 0.7 [161 
0.3 - 0.4 l 1 7 I 

A shielding factor referenced to a contaminated infinite smooth plane may be 
calculated from these ntJl1lbers by mul t iplying by the surface roughness 
shiplding factor for the land surrounding the roadway. Both for countryside 
and suburbia, the surface roughness shielding factor for grass should be used. 
Thus, assuming that (1) inside/outside vehicular dose ratios are respectively 
0.5 and 0.6 for buses and cars, and that (b) 10 percent of the people in 
vehicles are in buses and the balance in cars, in agreement with Ostmeyer and 
Helton [lc], a groundshine shielding factor of 0.5 for vehicles can be 
calculated as follows: 

0.5 - 0.8[0.1(0.5) + 0.9(0.6): 0.7) 

3.2.2.7 Structure Shielding 

The degree of shielding afforded to persons within a structure depends 
strongly on the nature (construction type) of thE' structure, the location 
within the structure of the shielded person, and the amount of radioactive 
material that infiltrates the structure. Accordingly, the shielding afforded 
to persons, who actively take shelter in basements or interior rooms with 
building windows and doors closed, can be significantly greater than that 
afforded persons who continue normal activities. 

Structures shield people from cloudshine because their walls attenuate 
radiation and because indoor gas:borne concentrations of plume materials are 
usually substantially less than those in the outdoor pltme. Indoor 
concentrations are lower because infiltration is not complete and deposition 
to interior surfaces further reduces the gas-born~ amounts of those materials 
that do infiltrate the structure. But the indoor volumes of typical houses 
will usually be small compared to the volume of the outdoor plume. Therefore, 
complete plume exclusion from typical houses will produce a reduction in dose 
of only about 0.95 rId]. Since complete plume ~xclusion is unlikely, dose 
reduction due to pltme exclusion can be neglect~d. 
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!',/l'111 2 tht>tl llll' villul' of tht'" cloudshinf' attenuati(lll !.l. "'I .... j 11 tHo () ').' tor 
rH:wl'lt' on thf' 5t'Cllnd floor and 0.39 for people on :h,' tlr< floor. wlll'l"E' 

o 3q - 053(O.~2) t 0 47(0 :., 

Tht' f rde t i on of the l' loud sub tended by walls is 0 ') ~, dl,d (; .' ... is t h .. 
shif'ldin?, provided bv a roof plus a floor (total rodS'> thi.-knf''i-; of ~(l b,'em}) 

~O\.; if pt·oplp in the huilding are evenly distribu:pd het· .. ·'·pn the tirst and 
sE!cond floors. an overall cloudshine attenuation fdctor of (1 ... 6 Ciill bf' 
calculcl.tpd for schools and small office buildings l.arger {·tft>clh·e building, 
radii and poured concrete (rather than concrete alock) .... .1115 will [,E-duce this 
valut'. Therefore. a cloudshine shielding factor of () :.. tOl schools and small 
officf' buildin?,s is recomm€'nded for use in KACCS. For- '>"nsiti\.'irv studies. a 
rang€' of 02 (cloudshine shielding factor for largp otfilf' h1lildings '18~\ to 
IJ') (cloudshint> shielding factor for single story sch('n: or ott: ... buildir.?' 
should be assumed 

Strucrure shielding to cloudshine has been examint- i hv Burson df,d Profio .1S 
· .. ·ho assumed difff'r-r"nt building dimensions and mas~ rhicj..,YH''i"-;t-'S in rh .. ir 
l'<l~culations the-n were assumed above Table 3 18 ~'r"'<'t-'r~'''' rh .. sr.~t-'ldillF-

factor rf'commt'ndations of Burson and Profio both as 'Hi~·ir,.:ill\' dt-''."t'ioo:'t'd bv 
rhosf' autho['s (the numb(>r not in parentheses) and dS (\I--,~<iin ... d usin~ the samf' 

In,ass rhicknf'sst>s assumf'd above (thf> number in parf'nt tw"t's I 

Tablf' 3 18 Cloudshine Shielding Factors Re('"omm",ndrd bv 
Burson and Profio !18~ for P~opl .. Lncat ... d 
ir. Buildings 

Structure 

HousE' 
I.:ood Frame 

Masonnr 

Location 

Ground Floor 
8asement 
Ground Floor 
Sasement 

ot £ iet> Bui Iding Interior 

LL t (11' 

o ~~ I t't ~ 

o OJ .0 ~ 

0-" " 
0.. P .. --,; 

Since cloud<;hinf' strueture shielding factors are to'n'-ll::,\, not rn'ci~(' to two 
significant !igu[es. values in Table 3.19 are ret(Jm:-r:~nd .. 'd f(lr t;St' in !'t.!\CCS 
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Tahl,· 11'1 Wt·(~o",mt~ndf.d cloulish!lH' Shl. :.1:11/' ".Il tOI tOI 

Pt·op I (. l.<H'flt t-d III Btl 11 d I lip," 

~. I j '. t I ' . 

• l K 

1\ q 

Ma son r v tioll s.' () , 

School or Office .' (I :. 

Sht"ltt"rinf, \oIood FramE' House () " 

('I h 

M<'lsonry HousE' 

School or Office U 4 

In c{)ntrast to cloudshine, where the dose from gols hllnl(' ntdte. ials that have 
infiltrated a structure is usually small compared r(, :lw dosp rPl'pived from 
the plwne that envelopes the structure, for thp r.l'olllldshiTll' dosl;' rpc('ived from 
i.ndoor deposits of infiltrated materials can bt" iml'ut'tallt whell compared to the 
groundshine dose reeel ved from materia Is depos i t.'d Ollt rlno rs TII(.' cont r i hut ion 
of indoor deposits to total groudshine doses (th.· dOSt, from all clt'positf'd 
materials whether depositf'd outdoors or indoors) has b"t-n t'x.'lmim-d by Ostmeyer 
Qnd Helton [If] and by Jacob and Meckbach [llJ ),lenb anrl Meckbach note that 
as structure shielding increases, thE' dose from inc100r dj'pnsits bt"comes 
increasingly importdnt. For examplf', in a structurt.> th.H has a groundshine 
shielding factor of 0.015, indoor exposures are incrpaspd by about a factor of 
two, if the indoor deposit is 2 percent of the outdoor dpposit [11]. In 
agreement with Ostmeyer and Helton [lg], Jacob and Mpckbach [11J also estimate 
that an indoor deposit that is 10 percent of that outdoors will double the 
indoor dose if the structure's groundshine shteldinR f~ctor is L '\7. 

The dose from indoor deposits can be indirectly moof'l('o bv :llcn'asing the 
value of the groundshine shielding factor as requirf'd to prorlucr a total dose 
equal to that which would n:o;ult from all depositl'd I'llatpda~~ (both those 
deposited on outdoor surfaces and those deposit('d on indo01- surf.'lcf's). For 
wood frame houses (mass thickness - 10 g/cm2 ) and masonry houses (mass 
thickness - 20 g/cm2 ). Ostmeyer and Helton estimate IIh) that it indoor 
deposits are half those outdoo~s, the total indoor dosf' from all dpposited 
materials (both indoors and outdoors) is well approxim.ltpd bv incr<>asing the 
structure's groundshine shielding factor 0.1 unit 

Groundshine shielding has been reviewed by Burson dnd rrofin l18] and hy 
Ostmeyer and Helton [If! and recent Europl"an stlltlit·<; of f.l'oundshirll' shiplding 
factor'!; have been summarized by Roed [19]. Table J ]0 prf's{'ntc; pt'rtinent 
results from thf'se studies. 

3-19 

OAGI0000919 00079 



II I, 

l;ro\lndshtrw Sh!f'lding Facto,s t"r "''Ii Idll1)'<' 

\) 

K 
RId 
R 
RId 

li~ I 2-.t:1i 
___ '~~d Fr .Iml' 

~,_ c ~__ __L_ _'_, _, \' _L_ 

(1 '. n '1 0 b (l ~ n ~') (l ,'. n 1 ') 
() (1 .:. u '1 0 do:. l) 

., 
() .:. fl ,01 <-

() 1 (I '-< (J f, 0 1·:' 0 1 (J '1 0 11 
l.4 (] p~ 

0 ':14 0 29 

t' , 
._ ..L~_ 

\' 

(\ ,. I: II II,' (, <18 0 IIIl 

0 t'''' n :'''\ .1 (I,' () (j,. () 0; 
(i 1 " ~ I 1 "\ ( , 1.' (I 1', () 1 1 

(, 1 
(. 

, .. 
----------

In thE' tahlf', thf' shielding factor value in thp ,. ,-,)lUflll1 is thE' ct-ntral Ihf''it) 
estimate vallie and the L (lower) and U (upper) "'",Iuf's dl"finE' tt->t' pstimatf'd 
ra~~p of the factor. In the column labE'led Ref. n d~norp~ Ostfllev~r and Helton 
lla', B Burson and Profio [lBJ. and R Roed :19J Sinep thf- valups of Ostmeyer 
cind Ht-:tan rE'flf'ct correction for indoor dE'posits {i p f,r(Jund~hinf-' shielding 
factor imcremented 0.1 unit to corn'ct for ':10 Pt·~·l· ... n~ il\tii~r:HioT1) ... ·hile 
thoSt~ of Bursar. and Profio and of Roed do not, rht' t",hlt' dlso prpspnts the 
values of Burson and Profia and of Roed incremet:~ ... d h,,' II 1 llni t (B+d and R+d 
on thp tahle) to permit comparison to the valuE's of Us~m"\'Pl' and HE'lton 
Finally. tlw va.lues in the table atfributE'd to kOt·d ... ·t'H' calculatt·d as<;urrinr, 
mass thickness€'s of 10 gjcm2 (wood frame houses I. 20 r,:cm'> \m.lsonrv hO~lsPs), 
and 3~ g/cm2 (officp building with solid concret~ walls. i P . not conCrp[p 
hlock) using thp following dependence of ground~hiT1e ~hi ... lding factor (Sf~) on 
exterior wall thickness (mt) 

Sgd - exp (-0 Ofl mt) I L 8) 

which was devf'loppd from data taken from Roed [l0: 

Inspection of the preceding table suggests that rf'3sondhlf' vahlt~s for 
groundshine shielding factors for normal activitv \ inrloor deposits half those 
out 5 tdE') arp 0 ) for wood frame houses, 0.) for masonr-; hOlls.,s. 0.1 tOt' 

schools and small office buildings. and 0.1 for hasemtn,s Fl.r shE'ltel'ing, 
the following vfllups are recommended: 0.4 for ,"'ood fL1m. hClUSf'S. 0 2 fol' 
masonry houses. 0 2 for sc~ools and small offic~ bl:ildings. and 0 O~ for 
basements, 

~ormr11 Activity Becausp people continuing nOrlr.d ,l<ti':itit's r..'!'" h(, ill rr.nr£' 
~han one location, the shielding factor for norma! activltv, Ss, must bE' 
constructpci as n wf'ightPd sum of the shielding t.lc[ors for peop!t· oll~doors. 
SO. in vt·hiclpc;. S\,o and indoors in schools and nttic ... h'dlriinfs. SB. ,md in 
hOl.1 Sf' s. SII Thuc; , 

(3.9) 

when:' FO' FV, FB. and FH arE' the fractions of t lw poruL'it ion th.lt cont inti£' 
normal activities outdoors. in vehicles, indool's ill ~d1(lols .lnd oHic£' 
buildin~s. rind iwioo!"s in housE'S. 
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R£',·au!,.· difft·rt·lh·,'S ill dimt·lIsion .. dlUI huildtng matE-II..!" • ,III'." lIHli\'idu .. 1 
h(),. .. ,· .. hlo·ldin",. LI< h.,·., to Vdrv sir.nif i~·dntlv. ttu- !.Ll,·l'!lnf, td. t .. , t'lI 
tH' I'., ", "11. 11111"t bl' • "I,,,r 1:·U,·t.·,t ,t" a "".·ir.ht .. .t .. um O\', I • ';1' .... (It h.,I1· .• ·•• 11.1.· 

1 .. [ "!':i,l,. It •. "iiI', r-.." tv ... ·., "r hlHI.,.,S will h,' (-Ol,',ll!' :.d 

I.· f hrid':l 

Rt"l·<~U"t· tht" shit·l,Hng .dtonit"d bv d stru~·tur ... changl", .J',., ""'''''11 mu .... "'s <!t.Ullt 

within tht· stru,·tllr .. ,w.dls afford IJIOft' 'ihi ... lding fl. .. !' 10:11,,1.' ...... h .... t-m'·rH ... molt 

than atth'S). 1'H',,~iofl within srru.-turt"s will afft't."t rh.· ': . .1" •. of .. truefur .. 
.,hi .. 1,11,·,,,. teu·tnt .. (Inlv r""o 10t.:dtion5. in hol'i .. m..·nts iI"! IH'~ 111 t ••• st"IM·nts. will 
Itt· e"'lsid.·ft·d tu-r.· L ... t 1 ..... h ... ·ol"S ... th .. shielding .if t.'I.I,·,! h\ "t f\h-tllte'S .i.-..'" 
!lut d'·I·rl·.t .t· .. xp., ... u, .... ., to ra.hocut iv ... IBdtpl"i.lls thd r r,·l\,·: lot!'· th .... truetuI.·. 

·"'·II!:l.,Tl"l: IIHI .flflj""til>lI will in.-r",a,. .. the va1u.·. ·r ... tl'.l'~\L11t' !'.hlt·ldill~·, 

,- 1 (\1 

",,1."1,· f .<, rh,· it",'itol, ot .tll h",u~ .... th.tt provide'·t,· ,k .. ,.·.· t.t .. hi.'ldin~" 
ttlt' "lit·.· .• , il'l t. lI\'~:.· .• :.s d hdSt'Qlrnt. and th .. s~.hSt": It': ... ,,,.t !1. l't'sl·It'."t i"·t·l" 
tle-nnflt" ... od tl'.UII" h ... I ... ·., Ilnt fett·t·ti t,,· mat ... 'I1I· .. • and ('.~ I'~" t.~ .. ,,, .tnd m,''iorn-v 

t.lIf"" t .. ·" .... · ... 1' .... 1' •. ·1· ... ·1 ... 

Slfwe' m, ... t I'e'("':" ""E f,'rlllinll; nt'fm .. l d. t i""t il"s In h··,; ... " _.1,· I:,·t tt ..... t .... 1 in 
t'd~ .. m'·I1?". t .... t. ,uld l!'1h .. hould b ... s .. t to z .. rc:a when [,. q~ Ln" 11 1 " us~d to 
(·.deu1.lt(· 'fill< ".r ..... tlit'lditlg '.,·tur!. 10; IlOl'S .. l a("~ :·"1~. '>il1,'t" all h.'u .... ·s 
d(. rwt h.l ..... · h.t ... ·m.·fI~ ... when thas .. qUdtton is used t .. "':"I~ .• t .. hnu!not' ".hh·1dif1f. 
tactnr ... to! pr('l,l.· wh" h."'" teak .. n stwlt .. r. noftZ."o ..... :.10' .. ·,h.,ult1 b .. u .... d tOt 
fW'b .md tf'll" thd! ,.·fl .. " th ... itIP ... of utili7afion •• , .1\',01; .... 1.· ".t~"Ih·nt ... 

Vah~r .. tur , .... Ilac·t '''II'' f·o. f·V .• ·B. and FH ar ... y.~" .... l !." '-.Hl .. "I,·rin,. tu.w 
IInll"h t llllt' tlltlt· •• "t ,.IU\l"~ ,'. I .. ·.~ph· IiJWnd in dtff'I'I.II! I." .• ~ i,'Il'> At It· .. ,t 
thlltt· ".Imll" lit 1"'01'1 .. tle .. d to b .. ("onsid"r .. d work .. , ..... ,~.o .. l "p~1' ,·hil.hfOn . 
. trut 1,.·",,11- ~rt .... ,,.t·I,,1 .(, .• ! of ,h .. i. Ii ... at h~ ., t· ~q •• ,·t .. , .. 1 ,·hil.trt-n. 
hom.' ......... ·, ... ft·tilrd " ... ·.«on' th .. uawaplov .. dl tab I.. ,'I ":t'",.·nts "''"U!iUS d..tt •• 
for IQSt. 'l tlnm .,td,h rc.,,·,I .. tlon 'ra",lions for th.·· .• · ,l.le-.· 1"'I·\&1.ttilll\ ~n')\'r' 
III':IV .... c· ...... , I'" ,.·.t 

T •• ~, 1.- .' 1 

~~~! .• , 

Lm.U: l':L:'': 

I' ..... \ huul .. I .. 
s .... ,,1.1 .,. 1 .' lit • 
A.h.lt HI .... I,ll-
t·.· ~ , , ~,.~. ~'L... ...l ' 

All 

\,1' 

; 

i 
i 
L 

J 
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: ! 

'I 
ii' 

Ii 
Ii 

; 

~ I 

1:1 I"~t \(1'1 h 1IIIIlio11 Amt.I·\('<lIlS wt'rt:' t.mplovt.'d Th"lltllll', ,Ihllllt \'1 () 
'\ , ~ : 1, III :\lllt r 1 l d 1 t .. , ,~( I () - 1 1.8 b lOq h) ht"' t, W't'Ol t-11 t 1 U' ,q',I' ~1 (l t 1 H It ntl hi. IIIU:,,· t 

\i~11I1 I ... h"rr!{'ITI,I~I'I" (II' Illll'IIIP I O','t'd , whl\·hm(·tl.ns !h.d .dlllll! HI. willi .. 1l 

',.: .• :1 •. 01', "1'1'1\<111\1"'[ pI tl1l'11 [\111" HI h<Htl!' (R6.' - IS 1 \'1 I), i" ,') TIIlI';, 

A' : • • I', "'11''[ i ! Ii t •. .', ').. - 1 (l ( ) (1 ( \ oj I),.' ~) !d ()) (l t I I.., t (I t • ol I 'I K (, I' P P 11 I. II I" 1\ • 

,11, .. 0\ "F.'· dli Idlt'lI lH !" - IIHl \:1', 1;.l:d 0), al:d 1i'lli .. I",di.·", \', H ..... lUO -

: ,I.:. \ .'.' 1l[·.·~.I·llt~, pJ.l\I~olhlt· ('s! illl.d." III 1 lit, 1:1,,1'\'. r "t 11<1111', ill ,\ liilV Illl 

' .••.• ,1,',", oII.d ' ... ·I·.·k.·lld·; durinf. willtt'l dll!l lIulin?, thl' 11· ... 1 I,t till' Vl'dl that 

.1,!I\ld\l .. I·. III "<I,'h ot tb .. , thr~'(' popul.Hioll grO\I~'~; .11'11111'.1 aho\'l' sp,'nd 
':'·"'~llf, (~.). inli(wl's In tHl\ISP~ \1), indoors in ... .-Ilool ... ollld otfh(' huil~inp,s 

. K;. III ·,' .. hi, 1,'0; (\') 11\<1 outdoors (0) 

'1',11> 1 t· ) , Fstimtltt's of T lln(~ Spt'llt it! lli t f t' I I'll t I.l.ll,'d{ iuns 

hv Population Groups 

------ --

_. ____ ._ .(; r ('..!..!..C---- Seasoll !JS'E'~'$'2 __ W('pk(,llds 

~ 1 f> 
(. (I ~ 

I I! Y. ~ -L-

( R) ~ot \Jintl?r 8 6 H H Q 0 ;, ') 

(IN) Winter fI 6 t 8 1 J () 1 .) 
~ 

{R) Not Winteof 8 ') h H 0 l 
( \.J) l.l!.ntE'f Ii 

.., 
I, H 1) 0 3 I 

(R) Not \..'intet' 8 12 (1 I H '~ U '2 .., . 
(1.n !Jin,,,,r 8 11 \) H 1 l 0 J 

- -_._- ---------_._-------

ifl<' tl.t'·! i01\ n! tilt' tim;,' that thp gpn€'ral POPU;.l! iun SPt'llds in housE'S, 
,.,\",,,1 ... Pl- ottiCt' huildlngs, in v(·hicll?s. or otl!dpprs is !lIlW given bv 

Fr - 1-' . t ) , 
i r l ) ( 1

1R
· : 

ill 

(3,8) 

... ilo"" Fl - 0 (I','), F;1 - 0.187, and F3 - 0.356; It;€' stlh.,cript~ 1,1, and '3 
,!,!!O!I' Wlltk"lS. s~'''ool children. and hOlfifi·bodit· .... dlld tht' <;unscr-Iprs Rand W 
d'·I~{It., "II"! wint.'r" (that is spring. summi."r, alld lall) ;Ill<t "wintt·r." 
SlJhc,t itllt lOll ot THlllltwrs from Table 3 11 yit"lds tlw v.I1\H'S in Tabl", 3.23 tor 
!I,t' fr.u-rio1\S (If timE' spent: by th ... gE'neral population in houst·s, in schools 
"Till nlttl't·o.;, in Vt'hiclt's. and outdoors. 

1\ II 

Timt> Fractions hv l.o(',lti()lIS 

for th", Gen('nll I'pp\ll ii t i OIl 

----------------_.---- .. _._ .. _--------
1.(:(';1 t ion 

ii(l\ls~> s 
Sui 1 d i np,s 
Vdli (' 1 (·s 
OU:'do()l'S 

0.67 
0.19 
0.0)7 
0.08/. 

._-----------_. 
3-n 

(J ":1 
n () 
(I.(l'~ 

II 1" 

Total 

n.(,(j 

n.14 
0_06 

(). 1 1 
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RobirHwn tUHt l'011""11-I'- :.101 hl\\'~~ d"Vf'lnlWd Vil 1 WMI fell II ... 1\(111" cd til,·· ,11111' 
'>;l},llIt III t\\lu •• ,· .... hlllldl"~~f\. ",.llIl'1_'H. iliHi uutdCHlt'!jj I.\, ddlill'. I c .. ,,'. !hllll 11'1 

Y",U'" uld Stlll',- .l!hd!~1 If'liS 'hftll h') VNU'R 011'\ 'H',· ('(lIllI'II'H'" (It lorl II mlllll1l1 
W~ll'k"I" \Jill" Ilu,· \'1 II nlllllull adult IlI)UI(,hodli's. ttl!' 11I11.lwll.f. c ''IIlllt Inll ('[III \.c· 

'\ •• "t\ to \I"\,c'lo1' v.II\1.·, lUI I lUll' trm·tlolHI "or tht'!!i, d,IIdr-, III L' (1mI'll I I' ttl till' 

n'~\I11" ut ~I,hlll\'lql 1\111\ ('<'Ilvc·n ... ,. 

( I. 'I ) 

.... twr'. F1A -, \1 ... ~. - 1()'1 h/lt.H h <1nd rIA - 0.26 .,19 1I/1·,1'! I. illt· til(' tr/l\'r lOll', 
Id tilt' ,Hiult po\'u\'lllo1\ that an~ workf'rs it·ss thllll /,') VI'oI," !lId ilTH ' hClIIIC·Il()di,", 

I.'~~ th.1Il h<:t ,"",Irs old Tahll' '3.)f, 11l'ps£'llts tlm.· II,I('! illil', jill ;Hlu 1'~, Ic";" 
tlwli t,<' VPill''' old ,111\\ ('ompart's till' VHltlt~S for total tlill., to t!lO!,,' 01 Rt'f 

: .' () : 

Tahlt· '~.l!~ T i lilt' F rae t 1 () 1'1 5 by I. .. ( 01 t 1 (\ 1 I 

for Working Adult!-.i 

POInd iI t lOll l.ocat. ion Weekoay W (> E' \.;,t u,!,l L(~l.,!l 

Aoults < f, r J Houses 0.65 0, I') (l f,H 

Buildings o . 2 i, 7 0.0 () 1 K 
V (:' hie 1 E' S 0.05'3 0.07 I (J Ilh 

Outdoors 0.05 0 17' 0 ()q 

T I.! Lll-.-l~.( . 

() ()q 

() . }() 

() .0 'J 

f),Of, 

The good agreement in this table bE'tween the calculatf·d rp~lr1ts ilno those 0 

Robinson and ConV£'Tse suggests that the estimates of hours slH'nt in difft'rf'I 1t 

locat ions that we!"£' prE'sented in Table 3.22 are reilsol1ab 1 t'. Thus, d1f' 
following time fractions for the general population arf' rl'commf'ndpd tOl' USf' :11 

MACCS: Houses - 0.7, Schools and Office Bui1(iings - 0.1'), 'Jf'llicl('~ - D,n'.>, 
and Outdoors - 0,1. 

1983 data on new detached housing (i.e., not apartmpnts) has twpn puhli~l1Prl h'l 
lhe FHA [21] and lQ80 data on existi.ng housing (sinp,le and multiunit 
structures) ha'!e been published by the Department of COITIITIf'r('p [771. If, ilS 
was done by Aldrich [8]. it is assumed that the characteristics of new 
detached housing in a state or metropolitan area applips to all detached 
houses in tl.at state or area and that most multiunit struct'urps hnvE' has(,Illf'[:~.c, 

and masonry walls (brick faced or concrete block), tlwl1 tlIP following formll1.l 
can be used to estimate the percentage of housing units in a stfltt> ul' 

metropolitan area that have basements or an! constrllctpd with masonry walls: 

% X - (% houses)(fraction new ~ith X) i Ci apartmf'nts) ( 1 HI) 

where X is either hasements or masonry walls. TahIr- 3 )<:t prp<;pnt.s tlw FilA 
[21J and DE'partr:lent of Commerce [221 data needt'd bv Erjlldt ion 1.10 and ttw 
percent masonry housing and percent hasf'rnents at tIc .. f i Vi' :\l'RH, -11 'If) ~,i t \':-, .I~; 

ca1culatE>cl usinE Equation 'L 10 and as developE'd tiS iIH', 1'1/(1 ill1<i lct,'l dilt.1 
either hy thp Reactor SAfety Study [23) or hy Aldrif'll 'R .. 
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I 

I , 
I 

I 
I 

,. "h hI ),2', Rep,tonl1l Building Dlltll 

"""If; ... ".,~ ... - •• ....." ." " .... _._~"_ ............ ,----...-..--. 

!.,JJ111u!....J.\.LL\.!;!.!lI:.t.5l1 1_11!H'I 0 [l n ~ BasemE'nts 
n(ltl FHA RSS FHA AId 

~,l.t\: ::il J.t\!li 'lt~ till ~J..'l..D.t llll G.!,W:, Wl Ch 11ll Calc ill 

1,,' 1 lh ?/~ 16 36 <' ~} () 81 R6 90 
/: i 1111 ['hil 'r,n 1.6 ') I. 61 SO 

: I 6l. 36 15 l. i, '~O - ()O 43 64 77 
\ ~(I M' , 82 18 56 64 40·60 bO 0 18 5 
pp, P A 77 23 41 55 60-80 55 87 90 89 
SlIrl'V , 'A lQ 21 14 32 40-60 3S 41 53 42 
s,.'q l'N 80 20 50 GO 40-60 55 12 30 28 

~, (;t, - Crmd Gull, PB - Peach Bottom, Seq - Sequoyah, RSS - Reactor Safety 
Stud .... r n:, c,ll\' ,~ as calcll1atE'd with Eq. 7, AId - Aldrich [8], and Ch = 
din I c.· (l'i.'('ol1ll1lpnclf'tl va llit') . 

Ch 

85 

5 
90 
45 
30 

~hi('l(lj Pi.'. f'lctors for Normal Activity and for Sheltering. Values for all of 
the pa (lll1it'ters in EquHtions 3 and 4 have now been selected. Therefore, 
parame tel" valups can he calculated for persons who contine normal activity (N) 
and f, )f persons who actively take shelter (5). Values for three shielding 
facto rs, clolldshine (C), groundshine (G), and inhalation/skin (I), are 
calc'll,i!'pd for £'ach act Lvi ty (normal activity and sheltering). For each 
shie Iding factor, three values, an upper bound (H), a best estimate (B), and a 
]OWf 'r bound (L), are calculated. Because housing stock varies by location, 
vlll dE'S are calculated for each NUREG-1150 reactor site (Zion, Grand Gulf, Peach 
Bot tom, Surry, and Sequoyah). 

Ur ,per anl1 lower bounds are estimated by assuming that the accident occurs at an 
U' ,1favorable time (after school during the rush hours on a summer weekday) and 
~ .t a favorab Ie time (during school hours on a winter weekday). For the summer 
~eekday after school during the rush period (the unfavorable upper bound 
situation). it is assumed that that school children are now outdoors and most 
office wOI-kers are in vehicles commuting to their homes. For the winter 
weekday with school in session (the favorable lower bound situation), it is 
assummed that about two-thirds of the population that on average would be 
outdoors or in vehicles is now indoors in schools or office buildings. These 
assumptions yield the upper and lower bound values listed in Table 3.26 for the 
fractions of the general populCltion that are outdoors (FO), in vehicles (FV) , 
in buildings (FB), and in houses (FH)' 

Table 3.26. Upper and Lower Bounds for 
Population Fractions 

Scenario -.£0- ...LV_ JB_ -.£H-

Vpper Bound (H) 0.4 0.15 0.05 0.4 
Low{-r Bound ( L) 0.03 0.02 0.3 0.65 
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The parameter values used to calculate shielding factors for normal activity 
and for active sheltering are now presented in Table 3.27 and the resulting 
site specific averagp shielding values for normal activity and for active 
sheltering are presented in Table 3.27. In Table 3.27, the column headers are 
:he parameters defined for Equations 3.9 and 3.10 In Table 3.28, Avera&e 
indicates the average of the site specific values and is given only when the 
site specific values were quite similar; NRC indicates the value of the 
indicated shielding factor used in the first pass NUREG-1150 calculations; and 
Choice indicates the value recommended on the basis of these calculations. In 
hath tables, the line headers ar~ defined as follows: C - cloudshine, G -
groundshine, I - inhalation/skin, N - normal activity, S - active sheltering, 
H - upper bo~nd. B - control estimate, and L - lower bound. Thus, CNH -
cloudshine. normal activity, upper bound and the B that comes next -
cloudshine, normal activity. central estimate, and so forth. 
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l"',blo 3.21. Input Ditta for Calculation ()I Shlt··ldill~'. FliCtOl"S 

Using Equat hms 3.9 Imd 3.10 

blgb Igti:QI 

'0 So "V IV ", 8, "H f" I" fWb SWb fM SM 

eNH 0.4 1.0 o.n 1.0 0.05 0.5 0.4 0.45 0.15 0.0 0.0 0.55 0.85 
, 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.45 0.15 0.0 0.0 0.55 0.75 
L 0.03 1.0 0.02 1.0 0.3 O.l 0.65 0.45 0.75 0.0 0.0 0.55 0.65 

8H 0.0 0.0 0.0 0.0 0.2 0.5 0.1 0.04 0.15 0.41 0.65 0.05 0.85 
B 0.0 0.0 0.0 0.0 0.2 0.4 D •• 0.04 0.15 0.41 0.55 0.05 0.75 
L 0.0 0.0 0.0 0.0 0.2 O.l 0.1 0.04 0.75 0.41 0.45 0.05 0.65 

GNH 0.4 1.0 0.15 0.7 0.05 0.5 0.4 0.45 0.6 0.0 0.0 0.55 0.5 
B 0.1 0.7 0.05 0.5 0.15 O.l 0.7 0.45 0.5 0.0 0.0 0.55 0.3 
L 0.03 0.2 0.02 0.2 0.3 0.1 0.65 0.45 O.l 0.0 0.0 0.55 0.15 

8H 0.0 0.0 0.0 0.0 0.2 0.4 0 •• 0.04 0.5 0.41 O.OB 0.05 0.4 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.' 0.04 0.4 0.41 0.05 0.05 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.01 D •• 0.04 0.2 0.41 0.02 0.05 0.05 

INH 0.4 1.0 0.15 1.0 0.05 1.0 0.4 0.45 1.0 0.0 0.0 0.55 1.0 
B 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.45 0.4 0.0 0.0 0.55 0.4 
L 0.03 1.0 0.02 0.1 O.l 0.1 0.65 0.45 0.1 0.0 0.0 0.55 0.1 

8H 0.0 0.0 0.0 0.0 0.2 0.4 0.1 0.04 0.4 0.41 0.4 0.05 0.4 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.' 0.04 0.2 0.41 0.2 0.05 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.1 0.' 0.04 0.1 0.41 0.1 0.05 0.1 

... 1:13 

"0 So "V BV ". S. "H '. 8" fWb SWb fM SM 

CNH 0.4 1.0 0.15 1.0 0.05 0.5 0.4 0.65 0.15 0.0 0.0 0.35 0.85 

• 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.65 0.15 0.0 0.0 0.35 0.75 
L 0.03 1.0 0.02 1.0 O.l O.l 0.65 0.65 0.75 0.0 0.0 0.35 0.65 

S8 0.0 0.0 0.0 0.0 0.2 0.5 D •• 0.l6 0.95 0.29 0.65 0.19 0.85 
, 0.0 0.0 0.0 0.0 0.2 0." 0.' 0.l6 0.'5 0.29 0.55 0.19 0.75 
L 0.0 0.0 0.0 0.0 0.2 O.l D •• 0.36 0.75 0.29 0.45 0.19 0.65 

GNH 0." 1.0 0.15 0.7 0.05 0.5 0." 0.65 0.6 0.0 0.0 0.35 0.5 

• 0.1 0.7 0.05 0.5 0.15 O.l 0.7 0.65 0.5 0.0 0.0 0.35 0.3 
L 0.03 0.2 0.02 0.2 0.3 0.1 0.65 0.65 O.l 0.0 0.0 0.35 0.15 

SH 0.0 0.0 0.0 0.0 0.2 0.4 D •• 0.l6 0.5 0.29 0.08 0.19 0.4 

• 0.0 0.0 0.0 0.0 0.2 0.2 0.' 0.36 0.4 0.29 0.05 0.19 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.01 0.' 0.36 0.2 0.29 0.02 0.19 0.05 

IRK 0." 1.0 0.15 1.0 0.05 1.0 0." 0.15 1.0 0.0 0.0 0.35 1.0 

• 0.1 1.0 0.05 1.0 0.15 0." 0.7 0.65 0.4 0.0 0.0 0.35 0." 
L 0.03 1.0 0.02 0.1 O.l 0.1 0.65 0.65 0.1 0.0 0.0 0.35 0.1 

8H 0.0 0.0 0.0 0.0 0.2 0." 0.' 0.l6 0.4 0.29 0.4 0.19 0.4 

• 0.0 0.0 0.0 0.0 0.2 0.2 0.8 0.36 0.2 0.29 0.2 0.19 0.2 
L 0.0 0.0 0.0 0.0 o.a 0.1 0.' 0.l6 0.1 0.29 0.1 0.19 0.1 

3-26 

fMb 5Mb 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.5 0.55 
0.5 0.45 
0.5 0.l5 i 

I , 
0.0 0.0 II 

i 0.0 0.0 I 0.0 0.0 I 
0.5 0.08 1 ~ 

'a 
0.5 0.05 I 

0.5 0.02 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.5 0.4 
0.5 0.2 
0.5 0.1 

'lib 5Mb 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.16 0.55 
0.16 0."5 
0.16 0.35 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.16 0.0' 
0.16 0.05 
0.16 0.02 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.16 0." 
0.16 0.2 
0.16 0.1 
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(Cant imwcl) 

ZJ..Qn 

FO So FV Sv Fa Sa FH fw Sw fWb 5Wb fM 5M fMb 5Mb 

CNH 0.4 1.0 0.15 1.0 0.05 0.5 0.4 0.5 0.95 0.0 0.0 0.5 0.85 0.0 0.0 
8 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.5 0.85 0.0 0.0 0.5 0.75 0.0 0.0 
L 0.03 1.0 0.02 1.0 0.3 0.3 0.65 0.5 0.75 0.0 0.0 0.5 0.65 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0.5 0.8 0.08 0.95 0.42 0.65 0.08 0.85 0.42 0.55 
8 0.0 0.0 0.0 0.0 0.2 0.4 0.8 0.08 0.85 0.42 0.55 0.08 0.75 0.42 0.45 
L 0.0 0.0 0.0 0.0 0.2 0.3 0.8 0.08 0.75 0.42 0.45 0.08 0.65 0.42 0.35 

GNH 0.4 1.0 0.15 0.7 0.05 0.5 0 .... 0.5 0.6 0.0 0.0 0.5 0.5 0.0 0.0 
B 0.1 0.7 0.05 0.5 0.15 0.3 0.1 0.5 0.5 0.0 0.0 0.5 0.3 0.0 0.0 
L 0.03 0.2 0.02 0.2 0.3 0.1 0.65 0.5 0.3 0.0 0.0 0.5 0.15 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0.4 0.8 0.08 0.5 0.42 0.08 0.08 0.4 0.42 0.08 
8 0.0 0.0 0.0 0.0 0.2 0.2 0.8 0.08 0.4 0.42 0.05 0.08 0.2 0.42 0.05 
L 0.0 0.0 0.0 0.0 0.2 0.01 0.8 0.08 0.2 0.42 0.02 0.08 0.05 0.42 0.02 

INH 0.4 1.0 0.15 1.0 0.05 1.0 0.4 0.5 1.0 0.0 0.0 0.5 1.0 0.0 0.0 
B 0.1 1.0 0.05 1.0 0.15 0 .... 0.7 0.5 0.4 0.0 0.0 0.5 0.4 0.0 0.0 
L 0.03 1.0 0.02 0.9 0.3 0.1 0.65 0.5 0.1 0.0 0.0 0.5 0.1 0.0 0.0 

S8 0.0 0.0 0.0 0.0 0.2 0.4 0.8 0.08 0.4 0.42 0.4 0.08 0.4 0.42 0.4 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.8 0.08 0.2 0.42 0.2 0.08 0.2 0.42 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.1 0.8 0.08 0.1 0.42 0.1 0.08 0.1 0.42 0.1 

{i[IDd ,),I1( 

Fo So Fv Sv Fe Sa FH fw Sw fWb SWb fM SM fMb 5Mb 

CNH 0 .... 1.0 0.15 1.0 0.05 0.5 0 .... 0 .... 0.95 0.0 0.0 0.6 0.85 0.0 0.0 
B 0.1 1.0 0.05 1.0 0.15 0 .... 0.1 0 .... 0.85 0.0 0.0 0.6 0.75 0.0 0.0 
L 0.03 1.0 0.02 1.0 0.3 0.3 0.65 0 .... 0.75 0.0 0.0 0.6 0.65 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0.5 0.8 0.38 0.95 0.02 0.65 0.57 0.85 0.03 0.55 
B 0.0 0.0 0.0 0.0 0.2 0.4 0.8 0.38 0.85 0.02 0.55 0.57 0.75 0.03 0.45 
L 0.0 0.0 0.0 0.0 0.2 0.3 0.8 0.38 0.75 0.02 0.45 0.57 0.65 0.03 0.35 

GNH 0 .... 1.0 0.15 0.1 0.05 0.5 0 .... 0 .... 0.6 0.0 0.0 0.6 0.5 0.0 0.0 
B 0.1 0.7 0.05 0.5 0.15 0.3 0.1 0 .... 0.5 0.0 0.0 0.6 0.3 0.0 0.0 
L 0.03 0.2 0.02 0.2 0.3 0.1 0.65 0 .... 0.3 0.0 0.0 0.6 0.15 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0 .... 0.8 0.38 0.5 0.02 0.08 0.51 0 .... 0.03 0.08 
B 0.0 0.0 0.0 C.O 0.2 0.2 0.8 0.38 0 .... 0.02 0.05 0.57 0.2 0.03 0.05 
L 0.0 0.0 0.0 0.0 0.2 0.01 0.8 0.38 0.2 0.02 0.02 0.57 0.05 0.03 0.02 

INH 0 .... 1.0 0.15 1.0 0.05 1.0 0 .... 0 .... 1.0 0.0 0.0 0.6 1.0 0.0 0.0 
B 0.1 1.0 0.05 1.0 0.15 0 .... 0.7 0 .... 0 .... 0.0 0.0 0.6 0 .... 0.0 0.0 
L 0.03 1.0 0.02 0.9 0.3 0.1 0.65 0 .... 0.1 0.0 0.0 0.6 0.1 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0.4 0.8 0.38 0.4 0.02 0.4 0.57 0.4 0.03 0.4 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.8 0.38 0.2 0.02 0.2 0.57 0.2 0.03 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.1 0.8 0.38 0.1 0.02 0.1 0.57 0.1 0.03 0.1 
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Tilble 3.27. (Concll.l<it'd) 

S,quovlb 

FO 50 FV 5v Fa Sa FH fw 5w fWb SWb fN 5M fMb 5Mb 

CNH 0.4 1.0 0.15 1.0 0.05 0.5 0.4 0.45 0.95 0.0 0.0 0.55 0.85 0.0 0.0 
a 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.45 0.85 0.0 0.0 0.55 0.75 0.0 0.0 
L O.Ol 1.0 0.02 1.0 O.l 0.3 0.65 0.45 0.75 0.0 0.0 0.55 0.65 0.0 0.0 

5H 0.0 0.0 O.C 0.0 0.2 0.5 0.8 O.ll 0.95 0.14 0.65 0.38 0.85 0.17 0.55 
B 0.0 0.0 0.0 0.0 0.2 0.4 0.1 O.ll 0.85 0.14 0.55 0.38 0.75 0.17 0.45 
L 0.0 0.0 0.0 0.0 0.2 O.l 0.8 O.ll 0.75 0.14 0.45 0.38 0.65 0.17 0.35 

GNH 0.4 1.0 0.15 0.7 0.05 0.5 0.4 0.45 0.6 0.0 0.0 0.55 0.5 0.0 0.0 
B 0.1 0.7 0.05 0.5 0.15 0.3 0.7 0.45 0.5 0.0 0.0 0.55 O.l 0.0 0.0 
L O.Ol 0.2 0.02 0.2 O.l 0.1 0.65 0.45 0.3 0.0 0.0 0.55 0.15 0.0 0.0 

5H 0.0 0.0 0.0 0.0 0.2 0.4 0.8 O.ll 0.5 0.14 0.08 0.38 0.4 0.17 0.08 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.8 0.31 0.4 0.14 0.05 0.38 0.2 0.17 0.05 
L 0.0 0.0 0.0 0.0 0.2 0.01 0.1 O.ll 0.2 0.14 0.02 0.38 0.05 0.17 0.02 

INH 0.4 1.0 0.15 1.0 0.05 1.0 0.4 0.45 1.0 0.0 0.0 0.55 1.0 0.0 0.0 
B 0.1 1.0 0.05 1.0 0.15 0.4 0.7 0.45 0.4 0.0 0.0 0.55 0.4 0.0 0.0 
L O.Ol 1.0 0.02 0.9 O.l 0.1 0.65 0.45 0.1 0.0 0.0 0.55 0.1 0.0 0.0 

SH 0.0 0.0 0.0 0.0 0.2 0.4 0.8 O.ll 0.4 0.14 0.4 0.l8 0.4 0.17 0.4 
B 0.0 0.0 0.0 0.0 0.2 0.2 0.8 O.ll 0.2 0.14 0.2 0.l8 0.2 0.17 0.2 
L 0.0 0.0 0.0 0.0 0.2 0.1 0.8 O.ll 0.1 0.14 0.1 0.38 0.1 0.17 0.1 

Table 3.28. Recommended Shielding Factor Values 

Z10n Grand .. ach Surry SequoYlb Average NRC Choice 
Gulf ~ttoa 

CIfH 0.'4 0.'3 0.'3 0.'4 D.'l O.'l 0.'5 • 0.11 0.11 0.11 0.11 0.17 0.77 0.15 0.15 
L 0.5' 0.5' 0.5' 0.10 0.5' 0.5' 0.10 

IH 0.12 0.10 0.10 0.72 0.14 0.10 • 0.52 0.10 0.50 0.12 0.14 
L 0.42 0.10 0.40 0.52 0.54 0."0 

GlIB 0.15 0.15 0.15 0.11 0.15 0.15 0.15 • 0.42 0.41 0.41 0.44 0.41 0."2 O.ll 0.40 
L 0.1' 0.11 0.11 0.20 0.11 0.19 0.20 

SH 0.1' 0.42 0.11 0.31 0.35 0.35 • O.U 0.25 0.10 0.20 0.21 
L 0.03 0.0' 0.02 0.01 0.07 0.02 

IIIB 1.00 1.00 1.00 1.00 1.00 1.00 1.00 • 0.4' 0.'" 0 .... 0.4' 0.'" 0.'" 0.15 0.50 
L 0.14 0.14 0.14 0.14 0.14 0.14 0.15 

IH 0."0 0.40 0.40 0.40 0."0 0."0 0."0 • 0.20 0.20 0.20 0.20 0.20 0.20 0.20 
L 0.10 0.10 0.10 0.10 0.10 0.10 0.10 
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II MACes FOOD PATHWAY INPUT PARAMHF.KS 

\·;ithill tilt' M .. \('(:S l'Clde. 01 the Cci\SE'qllenCE'S from the ingf'5tion of fuod 
('t"ILl.lIil\d~,'d 11\ I'ddioll\ll'lidt>s dt'posited onto farmland following an accidt'nt:d 
rl:' It'iI~t' art' 1\\1'.lslIrt'd _ These consequences can be divided into two generfil 
\. ~ <l t l" ~', ( , I" i ... "'j 

(1) sl>ci.,tal dos .... l"t'Cl'!vc.,d from the ingestion of contaminatpd food and thp 
h"dlth (·fh·cts from that dose, and 

l/l l','Pllomic costs from the mitigative actions to limit thE' dose to somt.' 
\Io.;t·l"-dpfilH'd lev(,l of acceptability, 

In addition, a further distinction is made within the MAces code between the 
dose r"~'('iv",d via th\' food pathway from crops being gro\ro at the time of the 
t't'll'ase (i _ e _. the growi ng season submode l) and the dose rece i \Ted subsequ\'nt 
to tlll.' C\lrrent growing season from food grown on land contaminated by the 
rp lpas~' (1. e _. r}w long - term submodel). This distinc t ion becomE'S evident in 
the preparat ion of the food pathway input parameters _ Doses arE' calculated 
and mitigative actions determined for each of these submodels. 

In general, the following model is used to determine the dose received via thp 
food pathway_ The dose received by organ k from the ingestion of nuclide i 
found in food arising from crop j, Di,j,k, can be expressed as 

where 

A 

IF . i,J 

OFt .k 

Di,j.k - Gei • A • FAj • TFi,j • DFi.k 

- ground concentration of nuclide i (Bq/m2 ). 

farmland area (m 2 ), 

fraction of farmland used to grow crop j (unitless). 

= transfer factor, i,e,. the fraction of deposited material 
lIlcorporated onto or into the edible pan ion of crop j alld 
ultimatelv eaten by man (unitless), and 

d{)Sl~ r("Ct- i vt-'d by organ k from ingested nue 1 id{' i (Sv/Bq)_ 

ThE' re51.11 t in[, dose to organ k from ingested nuclide becomf's 

4-1 
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Di, k - CC I 01' i . k· 2: (A • FAJ • n'i. I ) 

j 

Equatioll 1,1 is lIst'd both to projf'ct tlw potenli.il dUSt' for tIll' d(,t('l"Inin.ltion 
of IWC('ssdry mltig'ltivp <lct ions and to dt·tennin(· tIlt' ~.nci('I.ll IIP;dth f'fff·ctS 
rpsultin~ from th£' actual dosp rrceivpd. 

Thp food pllthway parBmE'ters will be discussed in thrt'f' major groups. Set:tion 
4.1 dE'scrihes the general parameters to define thp food pathway modp} , i.f'., 
information about the nuclides to be considered and the crop categol-ies to be 
used. SE'ction l .. 2 discussE'S the components of tlw transfer factor, TFt ,j' in 
Equation 4.1. In Section 4.3, the input par 11I1·tPfs specifically r£·quired in 
dptermining the nE'cessary mitigative actions arE' discusspd. The input 
parameters within each section are presentE'd in alphahptical ordpr for pasE' of 
location. Each parameter is described as well RS irs recommended valuE'S. 
BecausE' there is uncE'rtainty inherent in the dprivation of thE' input parameter 
valuE'S, most tables containing the recommended values will also contain a 
range of possible parameter values. This range for th(~ input parametE'l's will 
be enclosed in parentheses or, in some cases, indicated explicitly The 
recommended values for each parameter are follo~pd bv a discussion of the 
methodology used and thf' assumptions made in dpl'ivinp, thf' ,alliE'S currently 
recommended. 

4.2 Food Pathway Definition Input Parameters 

Several input parameters are rE'quired for the d~'1 init ion of the MACeS food 
pathway model. The values selected for some of thpsp paramf'ters will 
determine thE' dimensions for all subsequent food pathway il'put paramE'ters. 

4.2.1 NFICRP 

NFICRP - numher of crop categories to be used 

The recommended value for NFICRP is 7. 

Discussion 

The recommendf'd crop categories are listed jn Tahlf' L •• 1 with th(' major crops 
included within each category. 
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Stored 
rat; t lin' [2Uie 

Vnrlous 
graSSt'S 

Alfalfa 
Clovl'r 
Sorghtun 

Table 4.1. Crop Categories 

Grain 

1.Jht'<1 t 
Oats 
Bartt'y 
Cor'n ( inc 1 . 

sweet corn) 
Sorghum 

Leg~unes 

6& Nuts 

SOybf'lillS 
Peanut s 
Snap beans 
Dried bt'ans 
Peas 
Nuts 

Leafy 
~reen Vt'& 

Lettuct' 
C.'1bbagt' 
B)'oeco 11 
Spinach 
Ce lery 
Ca\'l11 fl, )Wt'r 

Greens 

Roots 
0. TuuE'rs 

Pntatot's 
Carrots 
BPl't s 
SUg<ll" 

Onioll 

Otht'J' Food 

Fruits: 
Applt's 
Grapes 

Citrus Frui'.s 
Oranges 
Grape frui ts 
Lemons 

Vegt'tabtf' s: 
Tomatoe s 
Cucumb .'rs 
Peppel :s 

Several factors were considered in dividing the cr ops into the seven ('.istillet 
categories in Table 4.1. The evaluation of the irlput paramt'tE'rs for the food 
pathway in the MACCS code tends to be somewhat lallor i nt ens i Vt', so t l Ie intt'llt 
was to keep the dE'rivation of input parameters as simple and straigt Itforward 
as possible. 

The first factor considered was the harvesting pa ttern fOJ' the va rious \. rop 
categories. Pasture is the only crop for which 1".arvestin?, is cor lsidered 
continuous. It is also assumed that all radioact:ive matt'rial dE' posited onto 
pastureland during a given growing season will bf~ eonswned by g razing animals 
before the end of that growing season. In addlt :.on. it is ass' ..1J1It'd that the 
rate at which the pasture is harvested is constant over the erltire season. In 
contrast, harvest i~ assumed to be a discrete process fat· al] nonpasture 
crops. This significant difference in harvesting pattt'rns se rved as the basis 
for the first major subdivision into crop categories, th~t IS, 

(1) Pasture, and 
(2) Nonpasture crops. 

To make an additional distinction betwE'en the nonpdstur ~ crops, consideration 
was given to how the edible portion of the nonpasture (~rops becomes 
contaminated during deposition. In certain crops, thf' edible portion is not 
exposed to the environment, and contamination occurs only by the translocation 
of the radioactive material de~osited onto plant sur faces into the edible 
portion of the plant. Examples of this type of crop nre grains, legumes. nuts, 
roots, and tubers. For all other nonpasture crops, the edible portion of the 
plant is directly exposed to the radioactive mater ial during deposition. 
These crops include stored forage and all fruits 'jnd vegetables. By 
differE'ntiating between nonpasture crops in whict I the edible portion is 
directly contaminated and those in which the edi hIE' portion is not subject to 
direct contamination. the crops were then furth ~r subdivided into the 
following categories: 
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( 1) PI/ stu ft' 

(,') N,l\lPilstllrt' 
lndi n'et l't 'nlalllillat ion of tht> ('dillle port iOIl 

(grcllns, If>gulnt·s, lIuts, roots, and tuht'rs) 
l>irpcl COrlt •• lljnation of (ht· t'dlble portioTl 

(stort'd it- raSt·, (r.dt5, and vt'getablt't.,j 

1,,'ithin t'dl'h ot tht>sf' brolid grlJUps of nonpasture crops, a funht'l" distinction 
l'<\11 bt' lnlide when COllsidt'r alion is giVt'1l to the plant surfacp charactf'ristics, 
F ')1' all crops, an incrf'as,'d roughnt·ss of thf' plant surfacE's dirf'ctly affects 
tl.t' t·fficil>ncy with which thf' ,tJlant r~tains the radioac,tiVt' matE'rial until the 
tit.1L· of harvE'st, 

For ':-l'UpS in which the edi bie portion is not exposf'd to the envirorunE'nt, an 
inert: nSE' in the amount of !lIsterial rt'tained on th ... plant surfac ... s increases 
tiw t,'anslocation that can occur, ThE' bE'ard stn..,t'I:P of grains furthE'r 
l'nhanc's the E'fficiE'flCY of thE' translocation pro(', 'is The p:all~ surfacE's of 
legulnt's, nuts, roots. and tubers are similar and (~",rcil'tE'ris~ ical1y have 
It'ss sUi'facE' roughness thar the plant surfaces ot ,',rains 

For crops in which the E'dib le portion is expost'd' the outside envirorunent, 
an incrE'a~ ed roughness in tile plant surfaces will lrt'a~,t' t ht' amount of 
matE'rial pllysically retained on those surfaces untL the crop is hdrvested, A 
distinction was thus made bE tween gref'n lE'afy vegetdhlps and stored forage, in 
which the ed ible portion has significant surface roughness, and, 11 other 
fruits and v~ getablt>s for wh ich the edible portioll has a relatively smooth 
surface or a 'rind" that will be removed during preparation, 

By considE'ring the diffE'renc';:!s in the surface roughness ot both plants and 
their edible pOl"tions, thE' crops categories were further refinE'd as follows: 

(l) Pasture 
(2) NonpasturE. 

Indirect contamination of the ediblE' por' ion 
High p,' ant suri'ace roughness 

(gr ai, ,s) 
Low plan t surfa ce roughness 

(legwne s, nut s. roots, tubers) 
Direct cont,lmination of the edible portion 

High surfa.~e roughness of the edible portion 
(stored torage, green leafy vegetables) 

Low surface roughness of the edible portion 
(fruits an,i vegetables) 

Finally, two additional factL'rs were given consideration in arriving at the 
crop categories currently beil1g used" The first, biological dissimilarity of 
the edible portion of the plan t, led to a distinction between sf'eds (legumes 
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• II" . \ .11 " I ( ,t.... \ I ,\ P t... 1\ 1 H t t II h t' I ~ ) T tit·, St·, l' (If,, I !. I, ! "I. " I "I' \I r iii .' ,t I", . 
• '.~' \-., '\I I", di'.r il\,'1 Inn Ilt'ln~1, 111.1'11.' hl'twl"1'1I st"I",1 ,"",!"' (, "11",1\11" ,I ,0111, 

' .... 011:;.,.1 .11'.1 !""'II ll"ttv \"'~I,l'l.\hl\'" \l'(lI\~,tll1lt'd l".\\' II\' 1\\.(\,1 

1',1', t \II t' 

.. 'I 'I' " ' I (I , 

, \ 1.11 1 ,', ~ " II III ,lin i 11;j tit \ 11 ,I t ,111" I' d I hIt' p (l r t 1" t I 

til!,.!, ~'l.\tl: ~';lll'ldC" r(lllf,lltll'~:<' 

I. ,., (,I i \' ) 
.,1\,' 1,1 It~! ',lll't.I"t' rouf,hl1('ss 

I" pI'" I : j \' t· I' 1 il nIp; ll' t 
,I, "::,I"'~ IIlId nuts) 

;\I":(Ij f' 1'.'(' or t'lwrr.v stol'ing "Lult \.,,( 
1(10 t" ;ITHI t ulH' rs) 

[) iI' ' " t t1 t ,III i 11 il t i 0 [\ oft Iw (' d. I hIt' P (\ r t i (II \ 
h:r l • I \ill,' stlrfill'(' roughness 

,',I/I',lm"t\ ,I(tl v hv animals 
( , : ol't'd to raf,l") 

l:IJllo.,\IITIf,d (. ,v bv man 
(gl'N'1l \, !v vegf'tahl('s) 

I.ow plallt o.;urliH'f' roughn(>ss 

(ntllf'I' lood) 

1 III' 

llt tilt' ClOp cdtt'~',()ri('s, pI'Istllrf' (,l-OPS ilnd stored. f(ll'~lr.t' ;11'1' patt'!J hv (lllir.,;tl~; 

that ill turtl aI', fond f(1l" miHl, but thf:'y arE' not E'i'dl'l1 h'i man dil't'ctlv till ~\If' 

olht'r hand, r.ft:>f'n It'afy v£'f,ctablps, roots, tubers, ;jlld "otliel''' crops <11'(' lIot 
con'>umpd bv Hnimals, bur are con~llmf'd dirpctly by IlLIl! (:r-"ino.; and l('(,,\l!lwS .n,.! 
lluts .11'P conSUlllt~d by hoth mdll and. Clnimals, which is important in ('vdlU;Hil1)', 

the input paralll0tl'rs for till' food pathway. 

· •. 2./ "lFIISU 

NFlISU numhf'r of flU(' 1 id.ps for which data wi 11 bl' Sill'l'i t it,d tor tlw 
fooo pilthw;iV 

Tll(> l'pcnmna'lHlt,d Vdlll(' for NFIISO is 6. 

Di.$('ussion 

~l1f'n NFIISO = ~. ttl(' 1-p(,Olllmt'nof'd food pathway nu('lidl'" "1"(' Sl'-H'l, Sr·<lO. 
Cs·l,}l" Cs-l·P. r-l~l. and 1-133. It is expected tl1:i\ tl)(·st· Lldinlluclidl' .......... il 
dominate the food. pilthw.IY doses across thp entire spC'ctrlllll"f Plll('llti,(j 

re,lc'tor accldf'llt sC/'fldrios [1:40J. 
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.1 ~). ~ NTTKM 

NTTI~M - Numtwr of tt'1'I(1)'; \ls,'d III ttw ~'.r()wlnl'. ero!, rl'!('lltlulI Illodl' I {Ii,d 

d(''''l'rilH'~l t.tw wt'lItlwrlng loss Ifll.'ctllllllsrn 

nil' growing SNlsml crop n'!l"nri.on motlt·l clllculatt's tlw It;lctlon of till' 

r;ldi(Hlctiv(' matf'rial (\(·posit:ed onto thE' Sl.IrL1C(· of p,ro\.Jinp, plml!s that will b~ 
r,·t.dnt>d following an ()xpont'ntial wP8tlwrlng loss It·hll!tfn!'. fro", "~:pos"n' of 
tilt, plant to ll1(' t>nvironment. By using two terms in {lit· grolo'ing crop 
l"t'tt'otion mod(>l, it is possible to separate thf> df·r~.<;jtf·d mlltprial inlo the 
portion that will weather rapidly wIth a relativHly ~horl half-life and the 
rt'm~lning material that will adhere more stubbornly to thp pl~llt surfaces and 
Io.'('llthel' more slowly. 

The fractions of the material weathering with PHch ratl~rn an(i the half-lives 
associated with E'ach weathering pattern are supplif.'d hy lllP input parametprs 
CTCOEF and CTHALF as described in Sccticrl 4.3. 

4.2.4 TGSBEG and TGSEND 

T(;SBEGj day of rhe year marking the start of the g.owing season for crop j 

TGSENDJ day of the year marking the end of the growing season for crop J 

Table 4.10 gives recommended values for TGSBEGj and TGSENDj. 

Di.scussion 

Since the fraction of radioactive material deposited directly onto growing 
crops that remains on the crop at the tilll,,:! of harvest is time dependent. it 
must be determined when during the growing season the deposition occurred. 
The elapsed time before harvest, Te. is then the diff~rence between the day on 
which the crop is harvested, TGSEND, and the day all which deposition, Ta , 
(i.e., the day on which the accidental release occured). Therefore. 

Te - TGSEND - Ta 

This elapsed time is used within the MACeS code to determine the amount of 
radioactive material deposited onto plant surfaces that will be weathered away 
before the crop is harvested. 

The values recommended for TGSBEG and TGSEND are stlmmarizt'd in Tahle 4.2. 
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Pas tun' 

Grains 

Legunws 6. Nut s 

Lf'afy Grt'en Vegt.'tables 

Root VegE'tahlt's 

Other Food 

---

1\:SIiL1!J 

qo 

1 ')0 

1 ')lJ 

l,)() 

150 

1')0 

1')0 

-_.-._-----. 

18i.\ili.U J 

270 

(1.0 

240 

2/.0 

240 

71.0 

21.0 

4.3 Transfer .. actor Component Input Parametf'rs 

(1/\1·91?l) 

('-,1 j() 8/18) 

Calculation of the dose to organ k from nuclide i, 0i k in Equation 4.1, 
requires the determination of the transfer factors, T~i,j' which define the 
fraction of nuclide I deposited onto ~ropland used to grow crop j that is 
incorporated into the edible portion of the crop and ultimately consumed by 
man. 

Figure 4.1 depicts the overall transfer of deposlted radlonuclides to man as 
modeled by MAces. Each tran~fer path is labeled using the MACeS input 
parameters that either defin£' the transfer along the path or, as in the case 
of CTCOEF and CTHALF, calculate within the MACCS codf> the fraction of the 
available material transferred at that segment of the pathway. Tables 4.3 to 
4.6 give the recommended values. 

Two submodels within the MACCS food pathway model df'scribe the transfer of 
deposited radioactive material to the edible portion of the crop. The first 
of these, the growing season submodel, describes the transfer of radionuclides 
deposited directly onto the surfaces of crops growing at the time of the 
release. The second, the long-term submodel, describes the transfer of 
radionuclides deposited onto soil that will subsequt-ntly enter the food chain 
via root uptake by plants or by direct ingestion of the contaminated soil by 
grazing animals. Within each of these submodels. crops are considen'd to 
enter the food chain in one of three ways: (1) the crop may be consumed 
directly by man, (2) it may be consumed by meat-producing animals with the 
meat in turn being consumed by man, or (3) it may be C01l5nmf'd bv milk­
producing animals with the milk in turn being consUlllf'd bv man. 

The derivation ot valups for each of the input paramptprs dppictf'd in Figure 
4.1 is discussed fully in the remair:rtpr of this sect ion. Ttwse inrut 
parameters are consld~rpd in alphabetical order. 
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[ Plant surfac;;o] 

I 
TeRoaT ) 

I 

/ 

I 
(CTCOEF) 

I 
(CTHALF) 

Edible Portion of 
Harvested Plants 

I 

\ 
(FRCreB) 

\ 
(DCYPCB or DCYPCM) (DCYPCB) 

/ \ 
(FPLSCll) 

\ 

I (TFBF) ~ (DCYPBH) 
Animal .---------~ 

(FRCTCB) GJ 
\ 

(FRCTCM) 
\ 

/ 
(DCYPMH) 

(DCYPCM) 
\ / 

Milk 

Figure 4.1 Transfer of Released Radionuclides to ~an Via the Food Pathway as 
Depicted in the MACCS Code. 

4.3.1 CTCOEF and CTHALF 

CTCOEFn = fraction of material weathering with a half-life CTHALFn 

CTHALFn - half-life for the nth exponential term of the weathering model 

L...R 
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I'dstllll' 

Grt'pn Lt'afy 
VI:' gl' t ah 1 (' S 

Root s & Tulwl's 

Other Food 

__ 8. r 0 l\ t i lUll 

o III 
(0 ~)\·o ~H) 

() . } n 
(U }'1·0 ,14) 

0.010 
( () . 007 ') -0 . 01 1 ) 

O.OO~O 

IOOG3R-0.OOb3) 

0.24 
(0. 18 - 0 . 30) 

C(, sturn 

0.10 
(0 73-0. IK' 

o ~10 

( 0 . 1 ) -a .J '. ) 

0.0);) 
(0.O]8-0.i'f, ~ \ 

001f) 
( 0 . 00 j' 5 - 0 . ( I 1 \ ) 

0.24 
(0.18-0. ll)) 

0.0006 0,021 
(0 . 0004') - 0 . 0007') ) (0.019 - 0 Il 3} ) 

0.020 
(0.15-0.24) 

O. O~'d 

(0,15-0'.?'.i 

ludj[1(~ 

ll. \ 1I 

ill • I· () \ H) 

1l.lO 
1,(' 1')·().24) 

() n 

() () 

o 24 
IU 18-0.30) 

n.o 

0.020 
((). I') - 0.24) 

Table 4.4. Recommended Values for CTHALFl* 

Crop Strontium Cesium Iodine 

PasturE' l,2096xl06 1.2096xlOh 1.2096xl06 

Storf'd Forilf,(' 1.2096xl06 1.2096xlO f • 1.20911x106 

Grain 3.1536xlO 13 3.1536xlC 13 1 .0 

Legl.lmps '3. 15 36xlO 13 3, 1536xlO: ~ 1 ,0 

GrPt'n Lt'.1fv l,2096xlO6 1 , 20%xl()~) 1.20Y6xlOI1 

Vpgt'tahlE's 

Roots & ';'ub(' rs '3 1536xl0 13 3,1536:-:11)13 1,0 

Othpr Food 1.2096:-:106 I .20%x1;)(· I .20 Q 6xlC 6 

* Half-lives in seconds: 14 days = 1.2096:-:106 
1 million years- 3.1·)1xl0 13 . 
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Table 4,5, Recommended Values for CTCOEF2 

Crop Strontium Cesium Iodine 

Pasture 0,076 0.076 0.076 
(0.058-0.096) (0.058-0.096) \0.058·0.096) 

Stored Forage 0.050 0,050 0.050 
(0.038-0.063) (0.038-0.063) (0.038-0.063) 

Grain 0.0 0.0 0.0 

Legwnes 0.0 0.0 0.0 

Green Leafy 0.060 0.060 0.060 
Vegetables (0.046-0.076) (0.046-0.016) (0.046-0.076) 

Roots & Tubers 0.0 0.0 0.0 

Other Food 0.050 0.050 0.050 
(0.038-0.063) (0.038-0.063) (0.038-0.063) 

Table 4.6. Recommended Values for CTHALF2* 

Crop Strontiwn Ceslwn Iodine 

Pasture 4. 3200xl06 4.3200x106 4.320vxl06 

Stored Forage 4. 3200xl06 4.3200x106 4. 3200xl066 

Grain 1.0 1.0 1.0 

Legumes 1.0 1.0 1.0 

Green Leafy 4.3200x106 4.3200x106 4.3200 v l06 

Vegetables 

Roots & Tubers l.0 l.0 l.0 

Other Food 4.3200xl06 4.3200x106 4.3200xl06 

* Half-lives in seconds: 50 days - 4.3200xl06 . 
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A uniform sampling distribution is recommended for all CTCOEF lind CTHALF. 
Recall that the nwnbers within the parentheses reprt'sent the possible range of 
values for each parameter value. 

Discl1!:.sion 

Between t.he time of deposition of radioactive material onto plant surfaces and 
the time when the plants are harvested, part of the radioactive material will 
be lost from the plant surfaces by the following processes (1) weathering, (2) 
radioactive decay, (3) tran~lnration to interior portions of the plant, and 
(4) harvesting. 

The fraction of the radioactive material initially deposited onto plant 
surfaces that remains in or on the edible portions of the harvested plant is 
called the direct deposition transfer factor. 

The magnitude of the direct deposition transfer factor d~pends un the time 
during the growing season when the accident (deposition) Jccurs. For crops in 
which the edible portion is exposed to the outside enviro[~ent. the losses 
from weathering and decay will increase with time. Therefore, decreasing the 
time between deposition and harvest will result in an increase in the direct 
deposition transfer factor. 

It is assumed that pasture undergoes continuous harvesting throughout the 
growing season. Deposition early in the pasturing season will increase both 
the time available for nuclide loss from weathering and decay and will also 
increase the time available for the consumption of contaminated pasture by 
grazing animals. Since consumption of nuclides by graz!:1g is faster than the 
removal by either weathering or radioactive decay. the size of the direct 
deposition transfer factor will increase as the time available for grazing 
increases. 

Weathering has been observed to cause a loss of radioactive material on plant 
surfaces due to the simultaneous occurrence of several exponential processps. 
Therefore. the removal of radioactivity from plant surfaces by weathering can 
be treated as a sum of terms that have the following form: 

where 

CTCOEFn 

I'CTCOEFn • EXPI· (ln2/CTHALFn ) II 

n 

(4.2) 

fraction of material deposited per unit area of cultivated field 
that is removed by weathering with a half ·life CTHALFn 
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In addition. 

... h~re 

IF 

and 

CTCOErn - IF • AFn 

interception fraction, i.p. I the fraction of the mate~ial 
deposited onto the field that is intercepted by crup surfaces 

availability fraction. i.e .. the fraction of the material 
deposited onto crop surfaces from which the material is removed by 
weathering with the half-life CTHALFn 

2: AFn 1 

n 

The edible portion of some crops is not exposed to the outside environment. 
For these crops, the retention of radioactivity in the edible portions viII be 
determined by translocation of the lIlaterial from plant surfaces to the edible 
portion. When this is the case, th~ weathering model as described above will 
not be applicable. Instead, an empirical transfer factor is used that has 
been derived from fallout studies. The empirical transfer factor represents 
the combined effects of interception, weathering, and translocation to the 
edible portion of the plant. For convenience, this empirical factor can be 
input as a value of CTCOEFn . Since this empirical valu~ includ~5 the effects 
of weathering. the exponential part of weathering decay expression associated 
with this empirical value for CTCOEFn is reduced to a value of unity by 
setting CTHALFn • in Equation 4.2, equal to one .ll1ion years (i.e., 3.1536 x 
1013 seconds). In addition. all but the first term of the weathering equation 
are set to zero by setting CTCOEFn for n > 1 equal to 0.0 and letting the 
associated value of CTHALFn for n > I be 1 second. In effect. this transfor.s 
the exponential equation into a constant (i.e., CTCOEFI) for those crops in 
which the edible portion is not exposed to the outside ~nvironment. 

Finally, the removal of radioactivity is treated explicitly for all crops. It 
is currently assumed that there are two exponential weathering terms for all 
crop categories with appropriate adjustments .ade for the crops in which the 
edible portion is not exposed to the outside environment. Yhen using a two 
exponential term weathering .odel, it beco~s necessary to derive two values 
for each crop/nuclide combination that indicates the CTCOEFn for each 
exponential expression. In addition, each of these terms will also require a 
value of CTHALFn that describes th~ weathering half· life for that nuclide/crop 
combination for that component of the weathering process. 
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il. 

Tilt' lulhl .... II1~·. ,'n'l'~ h,1\'l' ('dlhl£> portiolls thllt art' exp"sl·d to tlH' oUlsidt' 
"I1\'il<lI\lI\lld p,,'.tllr,'. stOI'I'd f<lrn~)e. ~n~('n leafy ve~,.(·t,dd, .. ;, '\I\d "nlb!'r 
t"l'd." l:i\'l'!l ttl.lt til,· ""tlH'r tl'od" crop calPgory C'()!I<.;i~;t~ Pl'illl;Lli\v of frllit~; 

.Il1d Vl'/,.l't.dII",. III til., 1il".ht of pt'l" capita consumption d.d.! ;.';. till' (onlin-

.. ,1l1'f."I" ~i I. I", t 1'1.'.II"d ;1'; thOl!/,,1I th.· t-dlhle porr-ioll I', t·xP'I~;.-d to tIll' 

uut.·;\d,' "\1\1i'''III1I,'111 t\"i pl'l·viouslv stdtt-d. CTCOEFn i~, th,' pIndurl of tht' 
illt"f,q't iOIl ILl"! il'll <I!\(! th., .lv,lil.lhl] itv traction. III ildd!t jlln. ii hnlf-lite· 
.... i 11 1,,· Ill',·,h,d tOI 1'.1('1, (1f' tIlt' tWll 1.'XplHWllt iill t('rm!-;; ill lh,· whlth£'rinp, 
l'lll.l,il i\ll\ Bd~;l·d 011 !;tlll1[.,o.; b\' Sllol1\ollds and Linsley ! l.'~:. t~It' following 
\'.IL1~". <lllt.l .. S~;(ll· iall't! ldtlf,",'> l't'cnlllll1"ndpu [or the int"re"Il( iOIl trilct iOll. 

,IV,li!.,hilit',' fr,iL'tlllll, dud Wt'dtrH'ring h,df-livps are do.; S\ll!llI':lri:~pd in Tablf> 
!. Thl' hir,ht'\ llltf'l'Ct'pt i,1I1 fr,let ions for pasture <111d SrindL'h s.'£'ms to bC' 

il\~;titit·d bv \'ll(lri'o.; :')' study of fallout data folln,:Tt,' t1.v nlPrnobvl 
dCl' i (il'!ll 

IntPl'ception Fraction. Av"il.l\)iiit\.' 
Fraction, and Half-Lives 

Variahll' 

Intt'I-("~'pti()n fraction 
Pascure 
Stored Fora~e 
Gl"pen Lpiify Vf'f,(·tablt·s 
Other Food 
Availahilit..y fraction 
for short-term 
wE'atlwring 

Availability fraction 
for long-term 
weathering 

Half-life for short­
term weathering (day) 

Half-lif~ for long­
term weathering (day) 

VCilue 

0.38 
0.2 :i 
O. 10 
0.2:' 
0.80 

0_20 

14.0 

50.0 

~ ill', /',t' 

~jl'.lt·<; 

I) ) 'I - (l .s 
I") ,: tl 0,.'8 
I,) ) 3 - U, J~ 
(I ;' (j - 0 , } 8 
(I 7 'J - II . S ) 

i; 1 '; - I) .! ':; 

I '3 . () . l'! fl 

I '3 . I) - i lj , 0 

Thpse data If'ad to tht> values in Table 4.R for the '-,,,ridbles l:TCOEF and CTHALF 
for .111 nllclidf'S bf'ing treated in thl? HACeS code. 'I'll(' rt·m.iining crop 
categories (i.e,. grains, legumes, and l-oots and tuhl'ls'l h,l':(' pdiblp portl0ns 
not exposed to the environmf'nt, and thp valuE'S for l:1'-UEFl will th ... rf'ton­
represent f'mpirical 1'1'al1s[('r factors as dl'rived from L111nllt ddt;!. To {'usurp 
that }lACeS .... ·ill trhlt thee.€, factors as cOl1stants, t.b,· ()th~'r :'l'!a:(-d 
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Table 4.8. Values for CTeOEF and CT.~LF* 

Stored Green Le.1fy Ot}wr 

Pasture fora&e Ve&etabl ('s fQQsL 

CTeOEFI 0.30 0.20 0.24 0.20 
CTeOEF] 0.076 0.0') O.ObO 0.0':> 
CTHALFI 14 d. II, d. II, d. 14 d. 
CTHALF2 ,0 d. ')0 d. ,0 d. 14 d. 

* These values are converted to seconds f"r ust' in ~he 
MACeS code. 

input variables tnke on the following values: 

CTHALFI - 1 million years (i.e .. 3.154 x 1013 s). 

CTCOEF2 - 0.0 
CTl~LF2 - 1 s 

Since the iodine isotopes considered have very short half-lives, it has been 
assWD£'d that these isotopes will not be found in tht' edible portion of the 
plant at the timp of harvest. Therefore, the value for CTCOEF1 for both 1-131 
and 1-133 will be 0.0. 

In a revi~w of the available data on direct deposition transfer factors to be 
used for CTCOEFI. Ostmeyer and Helton [11 arrived at empirical direct 
deposition transfer factors for grain and legumes. Coughtrey and Thorne {6] 
discussed the analogous empirical direct deposition transfer factor for roots 
and tubers. For each of these transfer factors, a range of possible values 
for each element/crop combination was chosen by assuming a 25% uncertainty 
ra'lgE' . 

A swrunary of these empirical transfer factors and the associat. d range of 
possible values is given in Table 4.9. 

Tahle 4.9. Summary of Empirical Transfer Factors 

Crop 

Crain 

Legumes 

Roots &. Tubers 

Empirical Transfer Factors 

Strontium 

0.010 
(0.0075-0.013) 

0.00') 
(0.0038-0.0063) 

0.00060 
(0.00045-0.00075) 

4-14 

CE'sium 

0.0')0 
(0.038-0.063) 

0.010 
(0.007')-0.013) 

0.02') 
(0.019-0.031) 
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4.3.2 Dc't'PBH 

DCYPBHi - Fraction of radionuclid(' i present in lIlt'iit iit tilt· tim€' of slaught€>r 
that is rt'tained and consuIDf:'d by man (accounts for 10SSt'S from both 
df:'cay and processing). 

Tablt> t •. 10 shows the rf'commf:'ndt,d valuE'S for DCYPBHi. 

Table 4.10. 

Nuclide 

Sr-89 

Sr-fJO 

Cs -134 

Cs - 13 7 

1-131 

1-133 

Recommended Values for 
DCYPBHi 

DCYPBH 

0.77 
(O.58-0. Q6) 

1.0 

1.0 

1.0 

0.18 
(0.14-0.23) 

0.0 

----

A uniform sampling distribution is recommended for DCYPBHi. 

Discussion 

DCYPBHi can be expressed as 

DCYPBHi -

",here 

INITIALi -

INITIALi 

Concentration of radionucllde I in the feed at the time of 
consumption by the animal (Ci/kg) (accounts for both decay and 
processing losses) 

Concentration of radlonuclide i in the meat at the time of 
slaughter (Cilkg) 

I. 1 I;., 
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A v.du(· fll\' DCYI'BH 1.-. ohlailwc:\ tor {'(I,ll llucl1dt' t. I,y ('\'d!\I<1l in!', till' tcd lowlnp, 
"XP\,\''''!-> i Oil, 

nCYI'Blli - EXl' (. l (ln2/TllALFi) • TDEl.AY I I (4 '3) 

THALl-' i radiological half· life ut isotope 

TDEl.AY ~ delay time betwt~E'n the production and consumption of the food 
pl'oduc t 

rlw values for DCYPBHi were obtained using Equati01l 4.3 with two assumptions. 
The fh-st assumption is that 20 days elapse betw('('lI tht' time of production and 
the consumption of meat and meat products as recommended in the Regulatory 
Guide 1.109 [7: Table E-15]. That delay time se~ms reasonablp for all meat 
products purchased fresh by the conswner. The second assumption is that there 
is no significant difference in the delay time between production and 
consumption of beef, pork, and poultry; therefore. the loss from decay will be 
basically the same for all meat products. 

In finding the range of values for this variable, it was assumed that the 
estimated value would most probably be accurate to 25% 

4.3.3 DCYPCB and DCYPCM 

DCYPCBi,j and DCYPCMi,j give the fraction of radionuclide i present in crop j 
at the tlme of harvest that is ingested respectively by meat-producing or 
milk-producing animals. 

DCYPCBi,j - Transfer factor for meat-producing animals 

DCYPCMi.j ~ Transfer factor for milk-producing animals 

Because dairy and beef cattle have similar consumption patterns for different 
crop types, DCYPCBi,j and DCYPCMi,j have the same values. The recommended 
values are presented in Tables 4.11 and 4.12. Since there are no processing 
losses between harvest B:ld consumption by cattle, DCYPCBi,j and DV':PCMi.j 
treat only losses resulting from radioactive decay. 

A uniform sampling distribution is recommended for DCYPCBi.j and DCYPCMi.j' 

Discussion 

Because DCYPCBi,j and DCYPCMi,j have the same valu~s for any nuclide/crop 
pair, they are both denoted in the fl.llowing discussion by DCYPCAi.j' 

4-16 
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Tahlf' I. 1 I . R,t·~, ommt' IHip d Va 1 ~I(' S tot' DCYPCI\ j • i alld nCYPCM I ,j 
for Ct·ops Consu!nl,d hy ClIttle 

--.-----
Sfored L(' f, unit's 

N\I~ l i ill':. l'J.!B..Ll!ll _~!&.e_ Grc1ins .---:Uid Nuts 

St"-Hli I . II (). 3 7 0.20 O.2() 
(O.l8-046) (0.\')·0.21) (0.1'>·0.2'» 

Sr·lJL) 1 .0 O.qq 0.99 O.qq 

Cs - 134 1.0 0.92 0.85 0.85 
(0.69-1.0) (0.64-1.0) (0.6'-'-1.0) 

Cs ·137 1. n Ogg 0.99 O.Q9 

I - 1 ) 1 1.0 0.063 0.032 (l.0)2 
(0.047-0.079) (0 .024-0.0/~f)) (O.();J/~-0.040) 

1-133 1.0 0.0068 0.0034 0.0034 
(0.0051-0.008".) (0.0025-0.00q ~) (U .002')-0.0043) 

--.--... --.--.. -~- -'.'---~-- .. ------.-- -

Tahle 4.12. Recommended Values for All Nuclides 
for Crops Not Consumed hv Cattle 

Nuc li de 

t\ll 

Thus, 

CONSt~MED i , i 
DCYPCA· . - --- ---......... -. 

1, J 

where 

H.-\RVEST· . 1.J 

Leafy Green 
Ve&etab1~ 

0.0 

Roots 
(. Tubers 

0.0 

Uther 
Food 

0.0 

CONSUMEDi,j -- c-onct'ntration (Ci/kg) of radionucli,\e i in crop j wilt'll 
consumed hy animals (arcounts f01' Insst'~ hpcause of 
radioactive decay) and 

HARVESTi. j conCf'ntrat ion (Ci/kg) of radiomw1 idl~ 
harvest. 

inc- rop .i at 
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Crops us~d to feed li\~$tock will g~nrrally follow th~ samp storage patlvrn 
regardless of whether the animal that cons\~cs th~ crop is It mllk- or heef­
producing animal. For this reason, these two variables will hav~ th~ same 
value for any nuclide/crop pair. 

The values derived Itre based on the assumption that t}1f' consumpllon pattr'rns 
for the crops in each crop category are similar from year to year. Three the 
crop categories have no significant consumption by animals. Leafy Crt'en 
Vegotables, Roots and Tubers, and Other Food, and therefore are assigned a 
transfer factor of 0.0. 

For pasture, grazing is the method of harvesting, and there is therefore no 
delay time between harvesting and consumption. Since herds are usually sized 
to the fields on which they graze, all radionuclides deposited onto the 
pasture grass are assumed to be consumed by the end of the pasturing season. 
For this reason, for pasture the value for the ratio of the amount of the 
nuclide consumed to the amount of the nuclide present at the time of harvest 
is 1.0 for all nuclides. 

It is assumed that stored forage will be used on a continuous basis during the 
time when the animals are not grazing on pasture. The length of time over 
which this continuous feeding takes place is the difference between 365 days 
and the Ie. gth of the pasturing season (growing season) for pasture. If FTs 
is the time period over which the feeding of stored forage takes place, then 
letting the length of the gro~ing season for pasture be 180 days (see TGSBEG 
and TGSEND) , FTs - 365 - 180 - 185 days. 

For both grains and legumes, it is assumed that harvest occurs once a year, 
and the crops will be fed to animals in a continuous manner throughout the 
year until their next harvest. Accordingly, if the time over which grain and 
legumes are fed is denoted by FTg , then FTg - 365 days. 

For a crop that is not harvested continuously (single harvest time), if an 
exact delay time (TDELAY) between harvest and consumptlon can be assigned the 
transfer factor, TFi,j' for a given crop j for nuclide i is evaluated as 
follows: 

TFi,j - EXP l-[(ln2jTHALFi} • TDELAYj)) (4.4) 

where 

THALFi - radiological decay half-life for nuclide i and 

TDELAYj - time dpl~y between harvest and consumption of crop j by animals. 

TFi.1 represents the fraction of the radioactive material present in the crop 
at t~e time of harvest that remains when the crop is consumed. The losses of 
radioactive material over that period of time is the result of radioactive 
decay. 

4-18 

OAGI0000919 00108 



For it crop tllat is cont illuously consumC'd, the tr':-insl,'! LICf,,!", TFi, i' is 
cdlculatl·ll as tlli' product of ttl£' consumption rate lor tIll' l'!OP <lnd tIlt' 
int('gral ot tht' ratt' of transfer over the entire Pt'l'loci of time the crop is 
tlt-ing l'otlsuntt'd. ThE' transfer factor tor ii given ertl\, l'dtl~g(ll-V for iI spi'cific 
nucl id., is t~wn C.dl'\llatcd I1sing th(, following f'XPI-~'ssiol\' 

where 

THALF i 

T' J 

TF' . ~ 
1 • J EXPt-t(ln2/THALFi) • t:l dt 

cunsumpt ion rate for crop j (day -1) 

raciiological decay half-lifp for nuclidp i 

length ot overall period during which crop j is consum.'d 

If it is assumed that consumpti'.Jn takes place at a const .. nt rate OV\:'I- tht~ 

desi&natc~d period. Tj' then CRj - l/Tj' and the exprpssiun for the transfer 
L.ctor becomes 

Tf- - - DCVPCA . 1 ,J - ,J 

T j J 
Tj 

EXP t - [(ln2/THALFi) • t: 1 dt 

o 

1 - EXP ,-!(lnl/TllALFi)· TjJI 
(4,,» 

T j • (] n2/TtlALF() 

For th(· pt·riod of eOI\~\lmptioll. Tj. th{' valups ITs .1lH~ fT~; ,,"prop uspd, That is. 

Tj - FTs - lIh d.1VS for StoH·d Forage 

Th(' r'lIly,£' of possiblt· v.~lu€>s in ("aeh cas€> was arrin'd <it bv <1ssumin~ that till' 
twst ('sl im,I!'· Vi.l!tU-S ar~~ prob~,bl\' accuratt' to 2~' 
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I'C'il't'lIj, I - trilct !(l1l rll l'HdloTluclldl' l PI'l,,'It'Ut: I,ll .'111\' I oil I!II' t 11111' ttf 
hdl'\'t'~.t ll'uwl[ls 111 food dt. tho t 1.1111:' ()1 ,',111'. :111\,1 illil hv 111 ... 11 

(1Il'l'll\IIILo.; tor I,OSSI"; fr(lm rddlnll('ti.v~' dt'l',tv) 

'1'h(' tt'illl!..tt"l· factor. 1)r~Yl'l~Hl. j' l:H'\'OUlit ~i only fOI lO:·iSt'S of rlldlou\'t Iv(' 
m.:ltt'rial attrihutablt, to rddluilctivt> decllY, L()S~H'S 01 l1l[ltl'rLil which occurs 
during the procl'ssing of food beforl' it is (~aten !:s dC"ll\llltl,d tor by the 
transfer factor FPLSCHi ,j' Table '., 13 summarize~ tlw n'l'Olnmf'ndt'd values of 
DCYPCHi,.1 for crops consumed by man, and Table 4,14 summarizes the v!llues for 
c LOOpS not consum(·d by man. 

Table 4,13, Recommended Values of DCYPCHi.. i t llr Crops 
Consumed by Man 

Legumes Green Leaf v Roots 
Nuclides ~~ra i ns and Nuts VE'&etabll's t-.. T\lbprs 

5r-89 0,18 0.18 0.67 L). 18 
(0.14-0.22) (0.14-0.22) (0, 50-0. 81~ ) ~(1.14-0.72) 

Sr-90 0,99 0.99 1.0 0,99 
(0.97·1.0) (0.97-1.0) (0.97-l.0) 

Cs -134 0.84 0.84 0.96 O. B/~ 
(O.63-1'cl) (0.63-1.0) (0.76-1.0) (0 ,61·1.U) 

Cs -13 7 0.99 0.99 1.0 0.99 
(0.77-1.0) (0.77-1.0) (O.n·I.O) 

1-131 0.0099 0.0099 0.21 0.0099 
(0.0074-0.012) (0.0074-0.012) (0.052-0.37) (0 0074 -0, OD) 

1-133 0.0 0.0 0.0 0.0 

Table 4,14, Recommended Values for DCYPCHi.j 
for Crops Not Consumed by Man 

---.... -.---------------

Nuc 1 ide Pasture Stort'd For<l~f' 

All 0.0 0,0 

. ,--_ ... -- - --.--------- _._---

Other 
Food 

0,21 
(0,16-0.26) 

0.99 
(0.97-1.0) 

0.85 
(0,64-1.0) 

0.99 
(0.77·1.0) 

0.024 
~0.017-0.030) 

0.0 

The uniform sampling sampling distribution is r£'comm('nt1f'ci for DCYPCHi.j' 
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DCYPOfi ,j can ill' dfJfirwd liS 

1 NTAKE{ ,j 
DCY1'Clli,j - --_._-_ .......... . 

HARVEST! ,.I 

wht're 

INTAKE i ,j - concentration (Ci/kg)of radionucl1dl' i in Cl'OP j when consumed 
by man 

HARVEST1,j - concentration (Ci/kg) of radionuclidt' i in crop j at harvest 

For the variable DCYPCHi,j' it is necessary to deter-min£> il value for ~ach crop 
category and radionuclides considered. 

Since neither Pasture nor Stored Forage is consumed dil"t'ctly by man, a value 
of 0.0 is assigned to the variable DCYPCH for thesp crop categories over all 
the nuclides considered. 

The values derived by Ostmeyer and Helton [lJ were based on the assumption 
that there was a 14-day delay between harvest and consumption of all crops 
except grain. Grain was assumed to be put into stor' ~e upon harvest and then 
continuously released for consumption over the course of the year prior to the 
next harvest. 

The revised values were del.ived by taking a more comprehensive look at the 
current marketing practices for each crop category. It is acknowledged that 
processing (canning and freezing) as well as storage will considerably change 
the delay time from harvest to consumption. A brief discussion follows of the 
observed practices and the assumptions made for each crop category. 

Grains are harvested once a year and placed in storage to be released 
continuously to produce the edible proL -So It was assumed that the harvest 
of any given year would be completely de~~eted by the time of harvest the 
following year. This is considered a conservative model for grain usage, 
since the current stores would indicate that the actual delay time before 
consumption may well be considerably longer than the assumed delay time. 
Sweet corn has been included in the grain category to allow using similar 
transfer factors for the concentration of radionuclides found in the edible 
portion. This does not disrupt the model for crop usage, since sweet corn 
represents only 1.S\ of the total grains consumed by ~~n. In addition, only 
30\ of the sweet corn is consumed fresh, and the remaining 70% is processed 
[2:Table 213]. In effect, processing allows for the same continuous 
consumption over the year that is used in the model for all grain. It has 
been further assumed that there is a minimum processing and delivery time of 
14 days before the grain products would be availahle for consumption. 
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The model used for grains was also USE'd for two ()th~r cat~g.ori('<; of croys' 
0) Legumes and Nuts and (2) Roots and Tubers. Continuous (.-onsumption for 
crops in these cateeories is assumed to begin 14 days after the crop is 
harvested and E'xtends until the next year's harvpst is ready for consumption. 
that is. until 14 days after the next harvest. Thp total time over which 
consumption of these crops occurs is therefore 365 days. 

Storage and consumption patterns for the crop categories Green Leafy 
Vegetables and Other Food fall into three broad categories. Some produce is 
de 1 i ve red fresh to market and consumed wi thin 14 days. Som~ .,rod'lct' is placed 
in refrigerated storage for up to 6 months. Finally. some produce is 
undergoes additional processing (i.e., freezing, canning. or drying), ~~ich 
significantly increases its shelf life. For the processed produce, it has 
been assumed that the processing and delivery to the consumer will require 14 
days and that the supply of processed products will be consumed continuously 
over the course of the next year. 

By surveying agricultural data, it can be shown that 70~ of the Green Leafy 
Vegetables will be consumed fresh after approximatE'1y a l~-day delay to the 
consumer. Another 25% of the crop will be placed in refrigerated storag~ and 
used over the course of six months. The final 5% will undergo additional 
processing and be used continuously until the ti:np of the next harvest a year 
later. This information can be found in Ref. [21: T.-lble 161, p. 218; Table-
244. p. 178; Table 205. p. 152; Table 209, p. 154; Table 246, p. ~80. 

For the Other Food crop category, a review of agricultural data [2: Tables 
246, 258, 277. and 2951 shows that 5, will be consumed fresh (after 14 days). 
while 95% undergoes additional processing that allows continuous utilization 
Over the course of the year prior to the next harvpst. This inform~tion is 
taken from Ref. (2J: Table 258, p. 189; Table 211'), p 111; Table 271, p. 199; 
Table 246, p. 180. 

The information on consumption patterns for the various crop categories is 
summarized in Table 4.15. These percentages are uspd to evaluate a weigtlted 
average for the fraction of radionuclide i present in crop j at harvest that 
will be consumed by man, DCYPCHi,j' Therefore, DCYPCUi,j will be del-bred as 
follows: 

(4.6) 

where 

FFj - fraction of crop j consumed fresh within 14 days of harvt>st 
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FlRj ~ trdction of crop j refrigerated and conslIm(·d contjnuolJslv over;] 
6 -month time <leriod beginning 14 days after harvt·st. 

Fil J ~ f1-dction of crop j processed and continuously cO[lsUITIE'd over a 1-yt'ar 
time period beginning 14 days after harvest. 

TFFi ~ transfer f~ctor that represents the fraction of radionuclide i 
presf'nt at harvest that '",ould ultimately be consumed by man if thi' 
~ntire crop is consumed as fresh produce 

TFRi - transfer factor that represents the fraction of radionuc1ide i 
present at harvest that would ultimately be consumed by man if the 
entire crop has been refrigerated and then is consumed continuously 
over 6 months 

TFPi - transfer factor that represents the fraction of radionuclide i 
present at harvest that would ultimately be consumed by man if the 
entire crop undergoes further processing and then is consumed 
continuously over a period of 1 year 

Table 4.15. Consumption Patterns 

Fresh 
(% eaten 

Crop after 14-day delay) 

Grains 0 
Legumes & Nu'~ s 0 
Green Leafy 70 

Vegetables 
Roots & Tubers 0 
Other Food 5 

Refrigerated 
(% eaten 

over 6 rno) 

o 
o 

25 

o 
o 

Processed 
(% eaten 
over 1 vr) 

100 
100 

5 

100 
95 

All transfer fllctors that are part of Equation 4.5 are used to describe the 
fralction of radioact ive material present in the edi hIe port ion of the crop at 
the time of harvest and retained following radioactive decay. As was noted 
earlier, the losses from th~ processing of food are handled by the parameter 
FPLSCH. 

If an exact delay tim{' between harvest and consumption can be assigned, as has 
beeln done for TFFi, the fraction of radionuclide i l~n's('nt at harvpst that is 
consumed by man ~ould be calculated as follows: 

TFFi - EXP I -[(ln2/THALFi) • TDELAY1J (4.7) 

I 
i 
~ , 

!. 
I. 
i' 
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TlIAI.Fj - radiological decay half-lif€' for the nuctid(' i (day-l) 

TIWIAY - tIme dt' 1 ay hetween harvt'st and consump· ion (da}) 

If a portion ot the crop is stored or preserved for utilization over an 
l'X t t'IHit'd per iod, the consumpt Ion is cons ide red to be cont inuous. The transfer 
factors, TFR and TRP, will be the product of the daily consumption rate of the 
food and the integral of th~ rate of transfer over the entire period of time 
the crop is being consumed. If it is assumed that consumption of the crop 
occurs at a constant rate over a given time period, Tj' then the consumption 
fatE" for crop j, CRj' is 

CR j - 1 / T j (day- 1 ) 

Then the transfer factors TFR and TFP can be calculated using the following 
equation. 

TRFi,j - TRPi,j - CRj J EXP(-[(ln2/THALFi • tj 1 dt 

1 

J 
T2 

EXP( - [(ln2/THALFi) • t 11 dt 
Tj Tl 

THALFi 

[ [ In2 ] f~P [ 
1n2 

• T[ ] ] (4.8) EXP • T2 
T j • 1n2 THALFi THALFi 

where 

Tj - length of the consumption period (day) 

1 
CRj - consumption rate for crop j (day-1) ----- -

Tj 

THALFi - radiological decay half-life for nuc1i(.e i (day) 

Tl - the shortest time after harvest that crop j will be ~onsumed 
(days) 

T2 - the longest time after harvest that the crop will be consumed 
(days) 
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The values of TJ. Tl. and T2 used for the various consumption patterns are 
given in Table 4.16. 

Table 4.16. Values for Time Variables 

Food~ Consum .. d Foods Refrigerated and Foods Processed and 
~ Fresh Consumed Over 6 Months Consumed Over 1 Year 

Tl 0 14 14 

T2 14 197 379 

Tj 14 183 365 

The range of possible values in each case was arrived at bv assuming that the 
best estimate values being used are most probably accurat .. to within 25\ of 
their actual value. 

4.3.5 DCYPMH 

DCYPMHi - fraction of radionuc1ide i present In milk at the tl .. of r~oduction 
that is retained In the milk until the time of consumpt~on by .an 
(accounts for losses from both radioactive decay and processing) 

The recommended values for DCYPHHi are as in Table 4.17. 

Table 4.17. Recollllended Values for DCYPMHi 

Nuclide 

Sr-89 
Sr-90 
Cs-134 
Cs-137 
1-131 
1-133 

DCYPHH 

0.66 
LO 
LO 
1.0 
0.28 
0.002 

Rani' of Values 

0.50-0.83 

0.21-0. J"> 
0.001)·0.0025 

The uniform sampling distribution is recommended for DCYNUt. 

Discuss ion 

DCYPMHI can be defined as 
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FINALi 
DC)'PMHi -

INITIAL{ 

wherf' 

- concf'ntration (Ci/L) of radionuclide i in milk at the time of 
consumption by man 

:~;lTlALi - concentration (Ci/L) of radionuclide i in milk at the time it is 
producf'd 

Values for this variable are found for each nuclide treated by the food 
pAthways model by evaluating the following expression 

DCYPMHi - EXP {- [(ln2/THALFi> • TDELAYj) 

where 

THALFi - radiological half-life of nuclide i (days) 

TDELAY - delay time between the production and consumption of the dairy 
product (days) 

The values first used for this variable were obtained by the assuming that 
all milk produced was ronsumed as fluid. Furthermore, a delay time (TDELAY) 
of four days was used as recommended in the Regulatory Guide 1.109 [7:Table E-
15] . 

An investigation of the utilization of milk ir the United States {2:Table 4801 
showed that milk products could by divided into three groups according to 
their shelf-life. These groups. the milk products included in each group, and 
the percentage of the total amount of milk that is accounted for by each group 
are shown in Table 4.18. 

Since the products with the long shelf· life represent such a small percentage 
of the total milk produced, it was decided to combine it with those products 
having an intermediate shelf-life and to consider the entire group as having 
an intermediate shelf-life. 

The derivation of the values for DCYPMHi now takes the form: 

DCYPHHi - FRs • EXP [. • Ts ] 
THALFi 

ln2 
+ FRl • EXP [ 

1n2 
(4.9) 

where 
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FRs fraction nf milk production us(·d in prOd'.lCT_S I.o.'ith a 0-1101-[ siwlf­

life 

fraction milk production used in products ...:irh an intermed:'.,te 
shelf-life (including long shelf-life products' 

delay time between production of milk and c()r~s·_Lir.pti(lrt of thos.> 

products with a short shelf-life (davs) 

delay between production of milk and constl .. 'I'pt ion of rhos.:- pn>ducts 
with an intermediate shelf-life (days) 

THALFi - as defined previously (days) 

Dt·lay times needed to be established for thE' two groups ~ilk conslUlled <liS .i 

tluid accounts for nearly 80% of those products '.;ith d short shelf-life. 
Therefore, milk was assumed to be representative of short-shelf life 
pl-oducts. It was found through the Associated Milk ProduL-ers th.it 2 or: .3 d.r;s 
are required to get the milk to the shelf. and that d freshness date of at 
least 2 weeks is applied at the time of packaging. 1 or ~ days follo~ing 
production. Based on this information, the 4-dav delay time originally u~pd 
to calculate DCYPMH seemed somewhat short for this product group_ A modified 
delay time of 7 days was, therefore, used to der~ve the cun"E'nt values of 
DCYPMH. Still, it seems likely that even the revised delay time may be too 
short _ 

Cheese and butter dominate the product group with interm~didt~ shplf-lif~ 
(which no .. also includes canned and dehydrated p~-oducts) Ch .. ,t'st> accounts for 

TablE' 4.18. U.S. Milk U~ilizdtion 

Shorr Shelf-Lift> 

Intprmediate Sla>lf"Life 

Long Shelf "l.ifp 

Products 

Fluid Hi lk 
Cottage Cheese 
Rulk Condensed Milk 

'e Cream 

Cheese 
Am('rican 
Othl"T 

ButtE'r 

Canned Hi lk 
Dry Milk 
OthE'r Dehydratt-d 

Products 

4-27 
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')lj~ Lit tilt' Illilk uSl,d tur llll'S~' products, <{I'd huttpr H(,C(lllllts tlll- ~7t. Aftf'r 
'Ill ill!', fill' <It It'dt-,t (lO ddVS, c!wes .. ' is giVf'fl a ft-eshlll'SS d.dt· of flO days at 
tIlt' (ill't' uj pdck:lgillg. Bunel', on the other hand, takt·:-, 'J or 6 ddVS to 
~)r"d\l,·". !~,; l"'ddilv tl'O,:t'Il, which f,l-eatlv enhances its sh(·lt-lift:', and is 
,',iv"n d tl'l'sll1\l':'~,; ddt.> of ()O days at the time of pacJ.:,igin[, l'sing, this 
jllln!.'l}: .• : i()II, it Wd'; cit'cid.'d to USt' value for the deLi',' tillll' tor tht'se product!:. 
(It t,) d.l\':-' 

III ~iU!:;i1,lrv. tllt' data in Tdoll:' 4.19 werl:' USt'd to detelIl!lrll' rho' ';aluf' of the 
vdriahl t • lll:YI':-'Hli for t-'Llch nuclide i using. Equation 4.4. 

Consumption Intervals for Mi.lk l'n){b,·ts 

Produc t G Z'nul' 

SIH'l·t Sh~lf-Life 

Intermediate Shelf-Life 

Milk 
Production (%) 

so 

50 

* Time from production to consumption. 

It has been assumed for the nuclides with relatively long half-lives that the 
('lltire amount of radioactivity prf'sent at the time of production \oIi11 in fact 
be (' OIlS Lin1£' d . 

The ~-angp of possible values for DCYPMH was deri .... ed based on th€' estimate that 
tht" actual value would probably lie within 2S% of tIlt' cah'ulatt:'d ... ·alue. 

· ... 3.6 FPLSCH 

FPLSC!!i,j - fraction of radionuclide i presen~ in crop j at har .... €'st ~hat is 
retained until conswnption by man (does not account for losses 
from radioactive decay, which ar€' handl~d :-'~PdrLlt~lv bv the 
parameter DCYPCH) 

The rpcommended values for FPLSCH at-e swnmarized in Tables 4.2U and : •. '21. A 
uniform sampling distribution is recommended for FPLSrH. 

[J i SC\l~';S ion 

TIlt' '!ariilble FPLSCHi,j can be defined as follows: 

FPLSCHi ,j 
FINAL- . 1.J 

INITIAL- -1,] 
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COlll't'ntnit ion (Ci/kp,) of radionuc.lid(, i ill tIll' (·dihlf- port ic,ll 
of crop j at consumption by man when th"rl' al-t' 110 l(1ssf's 
causl'd hv radioactive decay 

I~ITlr\Li,j - cOllCentl-atlon (Ci/kg) of LHiionuc.1idp 
of cn~p j at harvpst 

in thl' edible portion 

Since IlPither pasture nor starco'd forage is consumed hv md:!, ('~,ch of th('sp 

crops are iJssif,npd a procf'ssing retention factor of I) 0 <)\,pr all nuclidps. 
Processing loss factors for crops consumpd by man IoI'prl:' dp\.'elorl'<1 lIsiy!,? data 
compi l('d hy Boone et a 1. ~ 8] _ 

Tah ll' ,', . :> 0 . Rpcomm"ndpd Va1uf's f 01- FPLSCH - -1, J for I 'l-()~ <; '.'('llSUITIl'd b-; 

. -.- ---.-- "---_._----------------_._----_.-
Lpgumf's Grt"en Leafy R'hlt s Ot tw 1-

~luclide Grains & Nuts Vegetables & Tuhf-t"s Food 

Sr-89 0.25 0.8 0_1 08 0.71 
(0.19-0.31) (0_6-1.0) (0.38-0.63) (O.b-l.()) (O.S3-0.S Q ) 

51:-90 0.7') 0.8 0_5 O.S 0_ 71 
(0_19-0_31) (0.6-1.0) (0_38-0.63) (0.6-1 0) 1,0. ,)3-0_8 0 ) 

Cs-134 0_2') 0.8 0_5 OS 1).71 

(0_19-0.31) (0.6-1.0) (0.38-0.63) (0.6-1 I. \ (0 c)3-0_H<l) 

C5-117 0.2) 0.8 0.5 0 S (l II 
(0_19-0.31) (0.6-1_0) (0_38-0_63) (0.6-1.0) (0 'd-O_8 Q ) 

1-131 0_ 33 0.8 0.5 0 8 O. n 
(0_75-0. td) (0_6-1.0) (0.38-0_63) (0.6-1.0) {O.'J3-0_89) 

1-13 3 0.33 0.8 0.5 0 8 O. II 
(0.7,)-0_41) (0.6-1.0) (0.38-0.63) (O_6-l.0) (n (}.~-{).8!/) 

Tal<t" i •. 21. Recommendpd Value of FPLSCHi.j fot" 
Crops Not Consumed by ~Ll!l 

PasturE' Stored Fnr:if.t> 

:\ 1 1 nuc 1 ide 5 0_0 0.(1 

~an 

OAGI0000919 00119 



Tho retention factor for grain is quite low because of the high degree of 
refinement of grains during the production of the refined products that 
dominate the per capita consumption of grain. This retention factor may be 
expected to increase as eating patterns change towald whole grain products as 
witnessed recently. 

On the other hand, in the processing of legumes and nuts, the edible portion 
is consumed without such refinement. Therefore, all crops in this category 
except snap beans have a retention factor of 1.0. The edible pod of the snap 
bean is exposed to the environment during the growing season and will 
therefore be contaminated directly, and the bean itself will be contaminated 
by translocation. According to Boone et al. llO}, only 50% of the radioactive 
material present at harvest will be retained in the bean after processing. 
Snap bean consumption accounts for approximately 40% of the human intake from 
this crop category. A weighted averaging approach was used in arriving at the 
overall retention factor for the legume and nut crops. That is, 
FPLSCH - (0.60)(1.0) + (0.40)(0.50) - 0.80 

For green leafy vegetables, translocation is not an important factor in the 
contamination resulting from direct deposition. Furthermore, half the 
radioactive material present on the edible portions of green leafy vegetables 
will be removed during washing and cooking. 

Part of the contamination of the roots and tubers is from direct contact with 
contaminated soil, but translocation transfers an even greater amount of 
radioactive material from above-ground plant parts into the roots. ~ashing 

and peeling will remove the material in the skin of these vegetables, but 
processing will not decrease the amount of translocated material. 

The Other Food category consists primarily of a wide variety of fruits and 
vegetables that can be gLouped into three broad subcategories, each of which 
has a characteristic retention factor for radioactivity after processing: 

(1) Foods that have a rind or peel not considered to be 
therefore removed before consumption. Examples are 
melons. The contamination in the edible portion of 
of material translocated to the flesh of the fruit. 
fraction - 0.80 

edible and 
citrus truits and 
the plant consists 
Retention 

(2) Fruits and vegetables that are contaminated by 
also contain radioactive material translocated 
of the fruit. The entire harvested portion of 
example, apples, pears, etc.). Since the skin 
will be washed before consumption, much of the 
present at the time of harvest will be removpd. 

direct deposition and 
to the interior portion 
the crop is edible (for 
is smooth and the fruit 
radioactive material 
Ret~ntion fraction = 0.50 

(3) Tomatoes are especially susceptible to translocation to all edible 
portions. including the seeds. Therefon·, even though their skin is 
smooth and easily washed, the retention fraction is greater than for 
the fruits and vegetables in subgroup 2. Retention fraction - 0.80 
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Approximiit'ely 70% of t}1(> crops in this category haw> a rett'ntion factor of 
0.80. ",·hile the oLher '30% have a retention factor at 0 50. By w(·ighting thest" 
two r,[OUPS appropriately. an overall retention factor call hl' calculated as 
Fl'LSCII - 0.10 (0.80) + 0.30 (0.)0) - 0.7. 

Tbt' Ul\1t~l'S of values were fOUIld by Assuming that the calculatpd value is most 
pr'obdb 1 y cor rf'C L to 2)%. 

L, . '3 . 7 Fl{CTCB, FRCTCH. FRCTCM 

FRCTCR j fraction of crop j consumed by meat-producing animals. 

FRCTCH· J frac t ion of crop j consumed by man, 

FRCTCMj fraction of crop j consumed by milk-produc ing animals. 

The recommended values for FRCTCH, FRCTCM, and FRCTCB are as given in 
Table 4 22. ~~en sampling is to be done over the range of possible values, 
it is recommended that a uniform sampling distribution be assumed. 

Table 4.22. Values for FRCTCH, FRCTCM. and FRCTCB 

Crop FRCTCH FRCTCM FRCTCR 

Pasture 0.0 0.10 0.90 
(0.075-0.125) (0.8h-0.92) 

Stored Forage 0.0 0.13 0.87 
(0.098-0.16) (0.84·0.902) 

Grain 0.35 0.040 0.61 
(0.26-0.44) (0.030-0.0)0) (0.)1-0.71) 

Legumes and Nuts 0.24 0.04b 0.714 
(0.18-0.30) (0.035-0,0)8) (0.642-0.785) 

Green Leafy Veg. 1.0 0.0 0.0 

Roots & Tubers 1.0 0.0 0.0 

Oth£,[' Food 1.0 0.0 0.0 

--- --- --- - -----
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Ttll' 1,'\'I\1I1111t'II,h,d V,ll\lt'" '..I"!,,' dl'l'iv"d I,y an'llyzinr. CUIll'llt ar,ricultulill 
sLit h! il" ; ,1: .tlld \I'. ill),. th" S'Lllllllciry of IIVt'stock illr.l·sl i(lI\ l'iil,'S as 

S\Ullllidl i:t,t! hy 1\"\1(\" t·t ,II :~q OlS adill'lt'd from N~ [q:. A pdrt I,d 1 i!it ot tbp 
Il'I"I"llt'" t.ddt,S ~l: \1';"(\ to "t,mpill' Ih,· data for tl,t· various crops and 
'1llillldh is giv('11 ill T,d,I,' I .. :>~ Sillt", rht' ht'idth pttt·('ts ill MAces an-
l~tlllsid.'ll·d ill rh,' sut'it·tal S('I1';", thl' plnduI,.·ts (·xportt·d ,It',· ,il50 includ(~d in 
dl'lillillf. th,,' illlltll.lIltS lit "ill'h ClOP ('att'~OIY consul\\('d by lIlan alld by animals. 
\,;'ith tht' ('XCI'pt i"1l llf SOV!Jt·HIIS. it has b"t'n ass·,.lIIwd that tlt i \ izat ion of thE' 
pill t tit tht' 1'\ (Ii' "',POI It'd tollo ..... s lht· Sdlnt' pi'lttt'rn d~ dO!TII'sl ie '-.Iti lizatioll. 
Oil tilt' n:h"l I(.\tl<l. tla' utilL:.ltiol\ p.lttl'rn for domf'sric USt· Vt'rsus the 

'..'1lt' ,I r 

Rye 

Barll'Y 

Sorghum 

Oats 

Rice 

Corn 

S ..... el't Corn 

SoyhE'ans 

Peanuts 

Snap bf'c1nS 

Peas 

Dried benl\s 

Nuts 

\ . 

hl('c! 

.Lll ... 'i L 

. '):-: 111 1 ( I 

.46'\10 8 

H. hx l (!'i 

') bUxl,Jtl 

. ') (l'\ 1 0 q 

') '>1):..:.11)9 

'J :hlCd fl 

" 8YxlU 9 .: 

7.18xlU ll 

1 .'llxlOQ 

1 ;,'xlO9 

') .b'nl08 

]. ':l'nlD!) 

'1.1Qxl0 8 

Crop rrilizatlon Patterns 

Export 

Food F. .•. L1 RI' f. 1 
_ll~ _..1.1!'2L__ Tab 1 (' Page 

, ~()xlUI() .'. 8.'xIU I0 3.o.,hlU 1il '1 I 

'" 
8 40xlu8 1 .06xl0 7 4.),+xI0 19 16 

.1lxl()IU 1 lnxlO 9 2 i, t, X 1 0 'i ')8 4!. 

'J 18x10 10 3.S0x108 l. \ 'x \OlU 6] 51 "-

.i.QxI0 1O 8. 96x 106 ) . ')(J:-..\U" ')() 39 

U (1 6 ,)Oxl0 9 0 I ~ 28 20 

0'lxl0 11 .04xI0 1O 4. I,'x lId (I t.j 31 

0 0 0.0 O.li 113 157 

6.46x10 1O 1.8QxlO10 3.':l..'xlU 1U !70 127 

S 81xInS 7.26x107 7. tL'x 1 U 160 121 

0 0 0,0 O.t) 204 151 

0.0 0 0 U.t.! nJ 163 

0.0 0 U D.U 376 25'j 

00 0 0 O,U J{d 237 

34'j 237 

348 238 

3')1 240 

"'"- -.- --.---+-~.- -. -- .- ----
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lItiti:,dl"l\ jldt!l'l'1\ tIll ,,'xportl.d .!iOybt'tH1S is signi.fl'drll\v <II I h·rt°n! 
t'I, 1,1 I d 1 tl~', t ,I I hI' i\1l1t'1 I I "n S(lyht'lIll AI' SOl' 11:ll ion t htl pi! r t l't 11',; I) t ~;()yht·:tfl 

lit IIi ... 11 i ,)1\ d'I- .1', illd It'/I! t,d t n Tilh II' I. .. 21. 

T 0'1 hIt' :,. ,)" CI"P l'till2dtiotl 

DOllll'stir: 10 90 
Export 3) 6') 

TIll'S,' \It i ll:~'lt ion patterns for soybeHns have been illcorporatf'o into Table 
'j .'~', till' summary tdble of crop utilization. 

l'sil\)~ tilt' Sllllllllill'¥ data for crop utilization within tIl!' ~'.t-'[]t·I',d categoriC's of 
l;r,dll<; and LeguIn{'s & Nuts, overall utilization can ht· sUInmarized as in Tahle 

Table 4.25. Utilization of Grains, 
Legumes, and Nuts 

Crop 
Category 

Grains 
Legumes &. Nuts 

Food (\) 

35 
24 

hS 
/6 

Boone et- al. (8] compiled a summary of the daily consumption rates of various 
animals for a variety of crops. The rates for cattle. hogs. chickens, and 
dairy cattle from this summary are given below. In addition, a consumption 
rate for turkeys has been added, since they are being considered as part of 
the crop-meat-man pathway, To obtain a daily consumption rate for turkeys, 
the following assumptions were made: 

(1) Turkeys and chickens have similar biological and metaboliC 
characteristics. 

(2) Similar amounts of feed will produce a similar weight-gain in both 
types of poultry. 

(3) Tlw diet of both chickens and turkeys arf' simi lar in content. 

As a result of these assumptions and the use of weight-at-slaughter 
statistics, it was determined that the dally consumption of a turkey is 2,6 
times the daily consumption of a chicken. This faclol- was ther, used to 
determine the daily consumption rate for turkeys of the- vari()\ls crops bi1sed on 
the daily consumption by chickens. An overall summ,ifV of thf' daily 
consumption rates (Ihs/day) is summarized in Table 4 76. 
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'Iuhlt' I. ~'b \laily COl\sumption Rdl\'S (Ii. F,·t·tl:; hy Alilmlils 
ill l'olll1ds pl'r DiI'r' 

..• -- ._ ..... - ... -- '-'-'-'- .-_ .. _.-.----_._--_._--_._-----_ ... --..... __ ._-_ .. 

"" ... _ j'D' t l. _____ ._ _D.i!D.:.)' __ _Ji!:.!.J .. _ ... _JJo£s .. nli~ r_~!!i_. Turkf';ls 
I'd .'; t II rt· B. I,') H ') ') n.O o. () 0.0 

[id\' 1 :. Ill) I (J . t. () (J.n () () O.U 

Corn S i 1 ili;t' ') H,'I I. ~ 1 .' • 0.0 () () II () 

SO\'ghU/JI S i \ <I!~t' 1 .. ~ 3 () . q (,() 00 U () 0.0 

Wlwilt U.U<)()'I 0 () ~ I 'J ().067~ 0 .OOU6 O.OOlLS 

(br s o 1 '.Il O.UL)10 O.17~) () OO,)2H O. 008S{~ 

RVI' O.ORS\{ O.()u"d 0.118 ().oo:n2 0.00603 

H.lrl.,v n.()312 0.0271.. O. (.92 0 Uw) r J;J 2 O. 002Ml 

So t'r,hUlll n.o)')') O.04td 0.0794 () ()( 11 {. (J 0.00'387 

('0 rn {~ . I~ 8 '3.30 5.92 O.lll 0.n9 

Sovbeans l. 06 O. 7 B 3 l. 41 0.0265 0.688 

reanuts 0.00992 0.00729 0.00131 0.000246 0.000640 

Since tile consumpt ion rates for the difff'rpnt typps of animals art> given on a 
daily hasis, it is necessary to determine how manv of each type of animal 
there are on any gh'en day to determine the total daily consumption by all 
such animals. For dairy cows and beef cattle, statistical data [2] provide 
those numbers. However, in the case of hogs and poultry. the age of the 
animal at "he time of slaughter is less than one year. Therefore, for hor,s 
and poultry, th~ "standing crop" (i.e., the number extant) on any given day is 
less t1 ,the total number produced durine the year and is found by dividing 
the total number produced ar<nually by the "number of crops per year", where 

12 months 
Number of crops per year = 

Age at time of slaughter (mo) 

A summary of thf> "standing crop" for each type of food-producing animal is 
given in Table 4.27. 

By multiplying the d~ily consumption rate for a parliclliar species of animal 
hy the "standini crop" of that: species, the total did ly consumption of that 
crop hy that typf' of animal can be found. With this total d.-lily consumption 
for e~rh crop ratf'Eory. it i~ then possihlp to de:prmjnp tbe percentage of 
{'LlCIt crop r(lt.(·~~nrv consumed by pach specips of food'Pl'oducinr, animal. The 
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thtl rallg,t'S loIould btl proportiollal to thtlir sIzes, hut wUllld not allolol t.htl total 
~'~'HH"Ullptlul\ of /lny rrup to t'x('t'f'(i 100\ 

i •. i M TCROOT 

TC}WOT i ,j - fraction of tht' nudidt' i df'posited onto soil used to grow crop j 
that wIll ultimately be consumpd by man as a result of the long­
term uptake by plant roots or hy dinet consWllpt ion of the soil by 
grazing animals. 

Table 4.29 shows the rel~ommended values for TCROOT i, j for the Sr and Cs 
nuclides and Table 4.30 shows the recommended values for TCROOT1,j for the I 
nuclides. 

Table 4.29. Recommended Values for TCROOTi,j for Sr and Cs Nuclides 

Crop Sr-89 Sr-90 Cs -134 Cs -13 7 

Pasture 0.00041 0.026 0.0013 0.0069 
(0.00030- (0.014- (0.0010- (0.0047-

0.00051) 0.049) 0.0016) 0.0102) 

Stored 0.0013 0.090 0.00071 0.0015 
Forage (0.00095- (0.05- (0.00048- (0.00092-

0.0016) 0.17) 0.0010) 0.0027) 

Grain 0.000043 0.0033 0.000035 0.000076 
(0.000033- (0.0019- (0.O()0024- (0.000046-

0.000053) 0.0063) 0.000051) 0.00013) 

Legwnes 0.00037 0.028 0.000093 0.00020 
(0.00028- (0.016- (0.000062 (0.00012-

0.00047) 0.054) 0.00014) 0.00035) 

Green Leafy 0.00017 0.013 0.000014 0.000030 
Vegetables (0.00013- (0.0071- (0.0000094- (0.000018-

0.00021 ) 0.024) 0.000020) 0.000051) 

Roots 0.00011 0.0084 0.000056 0.00012 
fa Tubers (0.000083- (0.0047- (0.000038- (0.000072 -

0.00014) 0.0016) 0.000080) 0.00021) 

Other Food 0.000008 0.00066 0.00011 0.00023 
(0.0000063- (0.00036- (G.OOOO71- (0.00014-

0.00041) 0.0013) 0.00015) 0.00041) 

- ----
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() 0 0.0 

HWi.j" time-int('grflt€'d root uptakE' rUrl! for nl1cl1dl' i dppositf'd onto soIl 
used to grow crop J 

ISli,j - timt>-intt'grflted soil ingpstlon nlte for l1u(-lld(· i dl'poslted onto 
pasture 

The principal mechanism by which nuclides are transft'rrE'ci from snil to plants 
is via root uptake. Transfer to plant surfacE'S may al~(1 uccur by rainsplash 
and by the deposition of matprials resuspended from surfacp solI. A rate at 
which nuclides are transferred from the soil to plants via E'flch of these 
mechanisms can he established. The overall transfer ratp is thrn just the 
weighted sum of these individual rates. 

For the pasture, an additional term is used in deriving the data for TCROOT. 
To account for the fact that grazing cattle will ingpst a c('rtaln amount of 
soil along with the plant material they consume, a time-integrated solI 
ingestion factor is added to the time-integrated root uptake rale. It Is 
assumed that past:ure undergoes continuous harvest (p,rllzing by animals) and 
that all nuclides deposited onto pasture will be consumpd by thE' end of the 
growing season. Therefore, the transfer factors (DCYPCR and DCYPCH) for 
nuclides deposited onto pasture and consumed by meat- or milk-producing 
animals is unity. The overall transfer factor for soLl ingestion by grazing 
animals can be obtained by treating the ingestion of soil by ~rllzlng animals 
as though the ingested s011 was first transferred to the surfAce of pasture 
grass then and consumed. The 5011 l,ngestion comporll'nt. lSI, of the transfer 
factor TCROOT will be 0.0 for all crops except pasTurE'. 

According to Ostmeyer and Helton [1] I thp rate of transfpr from solI to plants 
by either raInsplash or resusp(>mdon is neg1i.glble c(lmpan'd tht, rAte of 
transfer via root uptake>. The values for TeROO'! W" rhlls {if'rlved using only 
root uptake transf~r factors. 
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It th~' Il11Clidl"S dl'positf'd onto the :-1011 w{'l'e to rt·maitl fit 1I constant l{'vt'l 
oVt't limt', tlw long-tt'rm transft·r factor would simply lao Ilw product of tlw 
annual uptake Hit~ Imd thp length of tim{' hping consldt·n'd. HnwevE'r, in 
/1cll.I.llity, tlw availability of thp d('~H)sitt>d material dt'cft'asps ov('r tln1l'. 
This dl'crl'flse I~ a r{'flt'ctloll of tilt' following physical and chpmi(,Rl 
pro('('ssf'S (1) radioactivE.' d(>clIY, 0) Iwrcolation of mllt('rlal to thp region 
b(·low thc· root zonf' , () irrpw'rsihll~ c1wmicfd bindin~~ of til£' nuc1ldps to 
cOmpOrH'llts of th£' solI, (4) pH·vlous root llptakt~ of n1lclidt,S, and ('J) soil 
ingl'stion by grazing animals. 

Bl'('ilUSt' tilt' availability of thp matl'rial dops not remftin constanl, it is 
nN't'ssary to i.ntt>gratE' thp uptake ratt> over' time. If an ('xponf'ntial depletion 
rntt' is assum(·d, then thp time-integrated root uptake trilnsfpr factor. IRU, 
can ht' t'xpresspd as 

IRUI.] - RUi,] ·0 J \XP\.[(RUi.] + ROi + RPj + RRi • RSIi.j) • til dt (4.1l) 

wherp 

RUi . ,J 

RBi 

RSI' .-1 • J 

T 

rate at which nuclide i is corporatpd into th£' t'dible portion of 
crop j via root uptake from the soil (yr-l) 

radiological decay rate for nuclide i (yr-l) 

rate at which nuclide i percolates to a rpgion below the root zone 
(yr- 1 ) 

rate at which nuclide i chemically binds irreversibly with soil 
components (yr-l) 

r~~e at which nuclide i is removed via soil ingestion from the soil 
used to grow crop j (yr-l) 

the time period of interest for the transfer of d£'posited nuclides 
via root uptake from the soil to the edible port ion of the plant 
(yr) 

The time-integrated soil ingestion factor is obtain~(1 in an analogous manner 
with several differences. Soil ingestion occurs only from the surface soil, 
and therefore. the unavailabilltv of material for inp,estion by grazing cattle 
relates to the "loss" of the mBt~rial from surface snil. Several factors 
contributE' to the unavailabilty of material for ingestion. They are 
radiological decay, percolation of thl'> nuclIdes out of tIl(> surface soil, 
removal of material via root uptake. and removal of m,tt'rial via Ingestion by 
grazing animctls. 
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~:Vt'll thou;"h irrevtH~iblt' elwlnical binding may occur to the soil in the surfac(· 
soll l'()lIIparlI1Wllt (th(! top 1 cm), this irrt>versibly bound matt·rial is still 
aval L,b11' to bt> ing('sted. Tht-refort>, the rate at which cht>mical hindillg 
()~'nlls dot,S not appear in tht' derivation of the transfer factor, 151. 151 c<'n 
h~· d.'r!"l'd .. is follo .... s: 

r S I I ,J 

Rsri,J -

T 

RSli,j' J \:XPI-[(SRUi,j" ROi + SRPi" RSli,j) • tJI dt 
o 

rate at which nuclide i is removed via soil ingestion from the 
surface soil compartment on land used to grow crop j (yr- l ) 

rate at which nuclide i is corpora ted into the edible portion of 
crop j via root uptake from the surface soil compartment (yr- l ) 

radiological decay rate for nuclide i (yr-l) 

(4_12) 

rate at which nuclide i percolates to a region below the surface 
soil compartment (yr- l ) 

the time period of interest for the transfer of ieposited 
nuclides via soil ingestion of soil on which pasture is grown 
(yr) 

When the time period of concern for the long-term doses arlsing from the food 
pathway is taken to be all time following the accident (i.e., letting T - ~), 

TCROOTi,j .... ill be evaluated as follows: 

TCROOTi,j - lRUl,j + ISIi,j 

and 

TCROOT i ,j -

RU' . 1, J 

RUi,j + ROi + RPi + RBi + RS1i,j 

+ -------_ .. _-_. 

SRUi,J + ROi + SRPi + RS1i,j 
(4.13) 

Tht' vRlut's for RUi,j are derived from fallout data. Root uptHke by plants is 
1Jt;\I,111y (If'scrihpd using an empirical concentration ratio (CR) defined as 

, ..,n 
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il 

Radionuclide activity per unit mass (d!vl of plant (bq/kg) 
CR - ------.----,,------ - ---------------------

Radionuclide activity per unit mass (dr-v) of soil lbq/i.:g) 

The root uptake rate, RU, is then defined as 

RU i . j - CRi . j • 

where 

CMj - annual yield of crop j (kg yr- 1 /m2) 

SM - soil mass in root uptake compartment (kg/m2 ) 

The soil mass (SM) is taken to be an average value of 240 kg/m2. 

A summary of concentration ratios can be found in Till and Meyer [10 Table 
5.171. and a summary of crop yield values can be found in Boone et al. is). A 
value for CM for each crop category is obtained by a weighted average o~'er the 
predominant crops in each category. The values used for CR and eM for Sr and 
Cs nuclides are given In Table 4.31. The CR values for the short-lived I 
nuclides are assumed to be 0.0. which in turn implies that the IRU values for 
the I nuclides is 0.0 for all crops. 

Table 4.31. Values for Concentration Ratios (CR) 
and Crop Yield Values (eM) 

CR ctt 
Crop Strontium Cesium (kg/yr.m~) 

Pasture 2.0 0.01 0.17S 

Stored Forage 3.0 0.2 0.50 

Grains 0.2 0.02 0.25-

Legumes 2.0 0.06 o 22 

Green Leafy Veg. 2.0 0.02 0.10 

Roots & Tubers O.S 0.03 0.26 

Other Foods 0.2 0.03 0.0') 

By using these values for CR and CM. the corresponding valu~s for RU were 
established. These RU values are summarized in Tahl€' 4 _ 32. Th(" r:ulf.e of 
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values derived by assumin6 that the correct value would lie within 25% of the 
value estimated for RU. 

Table 4.32. Values for Root Uptake (Rtl) 

---, .. - ..• ------ -----_._-------

Crop 

Pasture 

Stored Forage 

Grain 

Legwnes 

Green Leafy 
Vegetables 

Roots 
& Tubers 

Other Foods 

Strontium 

0.0015 
(0.0011-0.0019) 

0.0063 
(0.0047-0.0079) 

0.00021 
(0.00016 0.00026) 

0.0018 
(0.0014-0.0023) 

RU 

Cesium 

0.0000073 
(0.0000054-0.0000091) 

0.00042 
(0.00032-0.00053) 

0.000021 
(0.000016-0.000026) 

0.000055 
(0.000041-0.000069) 

0.00083 0.0000083 
(0.00062-0.0010) (0.0000062-0.000010) 

0.00054 
(0.00041-0.00068) 

0.000042 
(0.000031-0.000053) 

0.000013 
(0.000025-0.000041) 

0.000063 
(0.000047-0.000079) 

Iodine 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

The rate at which nuclide i becomes unavailable for root uptake from 
radioactive decay, ROi, can be defined as 

ROi - ln2 / THALFi 

where 

THALFi - radiological half-life of n~c1ide i (yr) 

Because radioactive half-lives are precisely known. no range of values has 
been established for ROi. The values of ROi are summarized in Table 4.33. 

The percolation rate is strongly dependent on soil characteristics; therefore, 
these values are quite uncertain. The range of possible values was 
established by assuming that the actual value would most likely lie within 25' 
of the predicted value. The half-lives of the iodine isotopes considered are 
so short that radioactive decay is the primary mechanism by which these 
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nuclides become unavailab' for root uptake. Thus, no percolation rate has 
been established for iodine nuclides. 

Table 4.33. Values for Radioactive 
Decay 

Nuclide ED 

Sr-89 4.860 
Sr-90 0.024 
Cs-134 0.340 
Cs-137 0.023 
1-131 31. ~OO 
1-133 292.000 

The percolation rates, RP, for strontium and cesium established by Hoffman and 
Baes [11] are summarized in Table 4.34. 

Table 4.34. Percolation Rate 
for Sr and Cs 

Element RP 

Stror.~ium 0.0021 

Cesium 0.0096 

In addition, the derived values for RP apply to the entire root zone (the top 
IS cm of soil compartment). Since the surface soil compartment is assumed to 
reach a depth of 1 cm, the value of SRP, the percolation rate for the surface 
soil compartment, could be assumed to be one-fifteenth of the value RP 
established for the root zone. This does not seem too unreasonable, since the 
percolation distance would be one critical factor in the percolation rate. 
Still, this approximation may be somewhat conservative, since the surface soil 
compartment is much more susceptible to weathering than is the root uptake 
soil compartment. 

Table 4.35 gives a summary of the values for RP, the percolation rate from the 
root uptake zone, and SRP, the percolation rate from the surface soil 
compartment. 
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Table 4.35. Values for ITF and lSI 

ITF lSI 

Element RP SRP 

Strontium 0.0096 0.14 
(0.0072-0.012) (0.11-0.18) 

Cesiwu 0.0021 0.032 
(0.0016-0.0026) (0.024·0.040) 

Ostmeyer and Helton (I) established the rate of soil ingestion, RSI. for all 
nuclides for pasture. Since no soil ingestion occurs during the harvest of 
the nonpasture crops, the corresponding values of RSI is 0.0 yr-l. Table 4.36 
shows the values for RSI for all nuclides. 

Table 4.36. Values for RSI for 
All Nuclides 

Crop RSI 

Pasture O.OOOS 
(0.0004-0.0006) 

Nonpasture 0.0 

The range of possible values for the 5011 ingestion rate was established by 
assuming the actual value would most probably lie within 25' of the estimated 
value. 

4.3.9 TfBf 

TfBFi - fraction of the dally consWlption of nuc1 ide i by .-eat-producing 
animals that remains in the .eat at the time of slaughter 

Table 4.37 shows the recommended values for TF8Fi. A uniform sampling 
distribution is recommended for TFBfi' 

Discussion 

TFBFi -
OUTPUT! 

EATEN! 
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Tah ll' .... ] 1 . R('collllnt'lldl'd Vii luE's fa r TFBF i 

~\ll' 1 i d(, TFKF Riln&1." of VHI\lt,S 

Sr-89 ().OOOJ2 U.00009·'+ - O.OOCH8 

Sr·QO () . (Jonn 0.000094 - 0 .00038 

c~ -1 V. 0.023 0.020 - () .035 

Cs - 131 0.074 0.020 - 0.03') 

1- 13' 0.0024 0.00082 - 0.0037 

1-133 o .001l 0.00041 - 0.0013 

OUTPUTI - amount of radionuclide i in meat produced by meat animals (Ci) 

EATEN[ amount of radionuclide i in feed consumed bv meat animals (Ci) 

The value of this transfer factor is derived by evaluating the 
following expression: 

TFBFi - TR • M • ETFi. 

where 

TR fraction of animals slaughtered per day (day-I) 

M quantity of meat produced by those animals at slaughte~ (kg) 

ETFi - equilibrium transfer factor to meat for the radionuclide i (day/kgj 

Previously, TFBFi was calculated using only beef in the calculations. By using 
recent agricultural data [2:Tables 455 and 5161, it can be shown that beef 
aCCOLlnts for only 42% of the meat produced, pork an additional 29%, and 
poultry the final 29%. The amount of poultry produced is composed of 84\ 
chicken and 16% turkey. In light of these data, it was decided to consider 
all three meat sources (beef, pork. and poultry) in deriving a value for TFBF. 

A transfer factor is obtained for each of these meat sources and an overall 
transfer is developed by taking a weighted average of these animal-~pecific 
transfer factors. That is, 
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Tf8~1 - fB • TfSt FPK • TFPKl .. FC. TFC i FT • TFT j 

wl!t>n' 

FB friiction of nwat P l"octliC t.' d t 11.1 t is beef ( i f' . , () . i~ ~' ) 

FI'K fl'act ion of Illeat r>l-odu("('d t h,ll is pork ( i . P .. 0 ,!'i) 

FG fractioll of meat produced that is chickt>1l (i ~' O.i4) 

FT fraction of meat produced that is turkey ( i e. , 0.0'») 

TFBi - transfer factor for nuclide i by beef 

TFPKi transfer factor for nuclide i by pork 

TFCi transfer factor for nuclide i by chickf'n 

TFTi transfer factor for nucl i de i by turkey 

Equilibrium transfer factors (ETF i) for Sr, Cs, and I were derived hy Ng et 
a!. [ 12] and are presented in Tahle 4.38. 

Table 4.38. Equilibrium Transfer factors (ETFs) 

------.------------~. --_._------
Animal 

Element Product ETF RangE" of Values* 

Sr Beef 0.00030 (I 00001)4 - 0.000~7 

Pork 0.0029 0.0012 - 0.0040 
Poultry 0.032 0.018 - 0.080 

Cs Beef 0.020 0.0072 - 0.093 
Pork 0.30 0.26 - 0.38 
Poultry 4.4 4.3 - 4.5 

I Beef 0.0072 0.0072 - 0.020 
Pork 0.027 0.0010 - 0.027 
Poultry 0.20 0.0080 - 0.20 

* The range of possible values was established by Ng. 

Due to the physiological similarity between different poultry types, the ETri 
values established by Ng for chicken have been used for both chicken and 
turkey. 
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Tht'st, ETF, valllt's Wt'n~ dc·riv(·d for stable strontium unO (·t~!iium lind for 1·111, 
and theft'foft' rt'pftl!Hlllt hiological 10S5*,8 for stroll! ium and cE'sium hut not 
flldloacfiv€' d(>c8Y losses. For iodine, the radioactivc' df'cay COIUlfilllt (or 
1·131 h.1S tWf'n includf'd. For 1·133, ft is thf'rf'fon' rWC('SS{lry to IHIJust valu£· 
of TF to I'('flt'ct tlw significantly shorter half-11ft' of this isotop". 

To find an adjusted F.TF valuE' to incorporate spflc'1flc radfoc1ctivp d('{'ay ratf'S, 
it Is possible to begin with tht' atisumption that 

dlh (t) Ri 
----- - -- - Ai· Q i ( t) (4.14) 

dt M 

where 

Qi(t) - concentration of the nuclide i in the meat at time t (Cl/kg) 

Ri - ingestion rate for nuclide i (Ci/day) 

M the total weight of the meat in an animal at the time of slaughter 
(kg) 

Ai - decay constant reflecting both radiological decay and biological 
losses of nuclide i (day-I) 

Therefore, 

dQi (t) 
- - dt (4.15) 

M 

du du 
By letting u- then - - Ai and 

M - Ai 

Therefore, by subsitution into Equation 4.15 

du 
- - dt and - -t + C and 

, I,. 
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t ht' II 

M 

\'u - t> -.\t -+ C 
I 

and in the equil ibl." ium state 

and u -

and 

ETFi - lim Qi(t) -
t .-., 

Since 

A' 1 

-+~ 

e C 

).i 2 

Concentration of nuclide i in meat (Ci/kg) 

e-At 

(4.16) 

Ri Daily ingestion rate of nuclide i by the animal (Ci/day) 

in the equilibri~m state, it follows from Equation 4.16 that 

1 
ETFi - (4.17) 

For ETFi as derived by Ng et a1. {12]. 1i represents the biological decay 
constant for both strontium and cesium and represents the sum of the 
biological d('cay constant and the 1-131 radiological decay constant for the 
iodine ETFi~ The rf'vis£>d RETFi can bp defined as 

1 
RETFi - (day/kg) 

4 -4 7 
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biological decay constant for nuclide i for thp. animal being 
considered (day-I) 

Ad,i - radiological decay constant for nuclide i (day-I) 

To dt'riv€ the revised RETFi for a specific nuclide i, it will be assumed that 
the the Ng value. ETfi, is based on nuclide with the radiological decay rate, 
\1. Therefore, 

1 
ETFi - (4.19) 

To establish the RETFi, the biological decay rate will be needed. By solving 
Equation 4.19 for Ab.i. we find 

1 

Therefore, by Equation 4.17, 

1 
RETFi -

M (lb, i + ld, i) 

1 

" [ [ 
1 ] ] - II -+ Ad. i 

M • ETFt 

1 

1 - II • " • ETFt + ld,i • M • ETFi ] M • EIFi 

ETFi 

1 + [H • ETFi • (Ad,i - ll)] 
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wht,(\., 

M - Ilmount of ml'al. produrt'd by animals at tinlt' 01 Slilll!',hl\'1 (kg) 

- ralllo;Il'tiVt, <It'l'llY ('Oflst/lnt of wif,d to estahlish tla' origillill ETFj 
(day' 1) 

\(1,1 - radioactlv(· lIl'cay l'OIlSlIHlt for Iluclid(:' i (dilY'}) 

It has been notf'd that the ETF for strontium and cesium Wf're t>stllhlishf'd using 
the stable t'1t'1D{'nts. This implit's that ~l for hoth tl1£>5(' caSE'S would hf' 
nf'arly zt'ro, and tilt' expression for RETFl would simplify for strontium and 
cesium isotopes and hecomE's 

ETFl 
RETFi. - (!~.7n) 

The ETF for iodinf' was established using data for 1·111, and tht'refore, in 
Equation 4_19, 

In2 
-~1 -

8.04 

Therefore, for any othrr isotope of iodine 

ETFi 
RETFi - -----------------------_._.---------- (4.21) 

1 • [ H· ETF; • [ 'd,; -~~~/' ) 1 

Using Equations 4.20 and ~ 21 and the values and rang~~ of ETFi E'stahlished by 
Ng et al. [12J, the values and associated ranges for the revisf'd t'quilibrium 
factors, RETFi, were establ ished and are swrunarized in Tah1£> 1 •. 39. T1wse 
values for RETFi were in turn used in deriving the transfpr fllctor TFBFj for 
each nuclide i. 
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The val'lable M. the amount of meat produced by the animal at the time of 
slaughter. is needed both in the calculation of RETFi and the calculation of 
TFBFi. Based on agricultural data [2:Tables 444 and 516J. the values for K 
summarized in Table 4.40 ~ere used. 

Table 4.39. Values for Revised Equilibrium Transfer Factors 

r~uc I ide Cattle Ho& Chicken Turkey 

Sr-B9 0.000)0 0.0029 0.032 0.032 
(0.000064-000057) (0.0012-0.0040) (0.018-0.079) (0.018-0.079) 

5r-90 0.00030 0.0029 0.032 0.032 
(0.000064-0.00057) (0.0012-0.0040) (0.018-0.080) (0.018-0.080) 

Cs ·134 0.020 0.29 4.4 4.3 
(0.0072-0.091) (0.26-0.37) (4.3-4.5) (4.2-4.4) 

C5-137 0.20 0.30 4.4 4.4 
(0.0072-0.093) (0.26-0 38) (4.3-4.5) (4.3-4.5) 

1-131 0.0072 0.027 0.20 0.20 
(0.0072-0.020) (0.0010-0.027) (0.0080-0.20) (0.0080-0.20) 

1-133 0.0033 0.011 0.17 0.11 
(0.0033-0. OOl, 7) (0.00095-0.011) (0 . 0079 . 0 . 17) (0.071-0.11) 

Table 4.40. Meat Produced at Slaughter 

Animal 

Cattle 
Hogs 
Chickens 
Turkeys 

Dressed 
lJei&ht (k,> 

269.0 
84.02 

1. 34 
6.96 

Cutting 
Losses ttl 

15 
10 
10 
10 

Edible Products 
lo:ei&ht (kg> * 

229.0 
70.61' 
1.188 
6.183 

Also needed for the calculation of TF8Fi are values for tht' variable YR. the 
fraction of animals slaughtered per day. 8y using agricultural dat.a on meat 
production [2:Tables 388, 398, 406, 407, 415, 502. 511. 516. 521. and ~231. 
the values for TR in Table 4.41 were derived. 

Recently there has been fallout data being made available following the 
Chernobyl accident. These data were reviewed by ~air and lijima {Ill and 
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i, 

~still\,\tl'S '<I('HI Int,dt' tor st,vl'rlll ~:TF1' t'or Ca·I)1, till'''' t\l\11141 ,HI ~:T~' of \.\ (I.' 
day/kg for bl~£,f und 11 elinor of 0.) tI,ly/kg ror IHHk. hoth 01 .. Iddl l'iutltdy 
agr~c '<11th the ETrs dS established by Ng [12]. 

A l,angt' of val,ws for the (~qllilibrillm trllm.ft'r factors '<IMI t',lVt'1l I,y Nt~· TIll' til,' 
rang('s 'Werf! \.Ist'd to dl"tt'rminf' tht> possible l"Cmges for till' v .. dl',hh' TFIU'l. 

Tablt' '~.Id. ValuE's for tlw Fr'H~tion of Anllll.lIs SlHughtt,rj·d 
per Day (TR) 

Poul t 0' 
Beef Pork Chlck~n Turkey 

TR (day -1) 0.0011 0.0024 0.0026 0.00:76 

-_._---.----- ._----_._-----------_ ... -- ... 

4.3.10 TFHLK 

TFHLK[ fract ion of the amount of radionuc1 ide i prt'sent in the f(-Oed consulIll'd 
by milk-producing animals that is present in the milk produced 

Table 4.42 gives the recommended values for TFHLKi. A uniform sampling 
distribution is recommended for TFMLKi. 

Tahle 4.42. Recommended Values for TFMLK[ 

Nuclide TFHLKi Ran&e of Values 

Sr-89 0.022 (0 . 0072 - 0 .061 ) 

Sr-90 0.022 (0,0072-0.061) 

Cs -134 0.11 (0.040-0.26) 

Cs -13 7 0.11 (0.040-0.26) 

1-131 0.13 (0.036-0.46) 

1-133 0.062 (0.018-0.22) 

Discussion 

OUTPUTi 
TFMLKi -

EATENi 
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.. 1'1'1 t' 

in milk produced 

in ft> (' d r OI\StUIlt' d 

Thi-; \',lll.lbll' is t'Vdll1iitt'd in tht, following manner for each nu('lide i: 

TFMLKi - ETFi • MP 

ETFi - t'l1ui l ibrilllD transfer coefficient for nuclidt, i into milk (day/L) 

MP average daily total milk production (L/dilY) 

Using recent agricultural data it was found the the average daily production 
is 16.01 L/day/cow !2:Table 471]. Therefore a value of MP - 16 was used for 
lht'se calculations. 

The t'quilihrium transfer factor. ETFi. for the nuclide i is given below as 
swrunadzed by Ng [12]. It is expected that there will be considerable 
variation in all ETF values. A summary of the possible range of values for 
the ETF for ~ach of the elements is given below as adapted from Hoffman and 
Baes [11] by Ng [12]. 

Table 4.43. ETF for Nuclides 

Element ETF (L/day) Ran&e of Values 

Strontium 0.0014 (0.00045-0.0038) 

Cr'sium 0.0071 (0.0025-0.016) 

Iodine 0.0099 (0.0027-0.035) 

These valu{s for ETF are based on stable element concentrations in associated 
milk and feed. Radioactive decay within the animal has an important impact on 
the ETF values for the short-lived radionuclides. The ETF values to be used 
for the 1-131 and 1-133 were adjusted to reflect these losses. The transfer 
coefficient can be thought of as the time-integrated transfer fraction for a 
unit nuclide intake by an animal [12]. In a development of the model used to 
describe the crop-animal-milk pathway, Ostmeyer and Helton [1] conclude that 
when intake is considered to be constant with time the intake-to-milk 
equi librium transfer coefficient can be deriv~d as follows: 
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~:TF i -

~b.k -

n 

)' Ak 
( I • . '22 ) 

\I.!, k I \ l 
10.-\ 

COlll'('I1U',ltiOI1 l'o('ftlciE'nt associated with a singlE' acutp t"xposurt' 
(L' I) 

biological decay constant for the associated concentratiOtl 
eoeftlcit'nt Ak (day-I) 

radiological drcay constant for the nuclide i (day-I) 

This formulatIon accounts for the decrease in elemental conct'ntration patterns 
over timE' from radioactIvp decay. Ng et al. [12} gave the values for stahle 
iodine tTl Table 4.44. 

Table 4.44. Values for Stable 
Iodine 

1 
2 

0.0055 
0.00017 

0.69 
0.088 

Using the 11 values of 0.086 and 0.80 for 1-131 and 1-133 rpspectivply. [h~ 

adjusted ETF! values for these two nuclides are then as ShO~l in TablE' 4.4~. 

Table 4.4~. Adjusted ETF Values 

Nuclidp Adjusted ElF Value 

~-13l 0.0081 
(0.0022-0.029) 

1-13) 0.0039 
(0.OOll-0.014) 
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l'ht, r<mgt' of posslblt' values for ETF as noted abovl.> sf'rved as the basis for 
d~trrminlng the adJust~d range of values for ETF. This was accomplishf'd by 
using similar ratl~s between the ETF values for stable io~ine and the 
adJustpd ETF value (or each nuclide. 

Ttw villut's and ranges used in determining the values of the variable TFMIl<i 
for ~ach nuclide i are summarized in Table 4.46. 

Table 4.46. ETF Values for TFMLKi 

Nuclide ETF Value (LId} Ran&e of Value 

Sr-89 0.0014 (0.00045-0.0038) 

5r-90 0.0014 (0. 000r .. 5 - 0.0038) 

Cs-134 0.0071 (0.0025-0.016) 

Cs -13 7 0.0071 (0.0025-0.016) 

1-131 0.0081 (0.0022-0.029) 

1-133 0.0039 (0.001l-0.014) 

In a review of fallout data following the Chernobyl accident by Nair and 
Iij ima [13], an equi librium transfer factor of 0.002 d/L was suggested for 
1-131, which is somewhat less than the transfer factor derived here. This may 
be a notable development, since milk is the primary means within the food 
pathway by which iodine may be ingested. If this value is correct, the value 
of TFMLK for 1-131 would then become 0.032. 

4.4 Miti&ative Action Input Parameters 

Within the MACCS code, the dose received by society is restricted by user­
established dose criteria. For the food pathway model. two distinct criteria 
can be established: one for the growing season submodel and one for the 10n&­
term submodel. Various mitigative action options are available within the 
code for each of these submodels within the code. Each of the mitigative 
actions are designed to attenuate the societal dose received follOWing an 
accidental release. 

Several input parameters are required by the MACCS codf' to assure that thf' 
dose to be received via the food pathway will remain below thf' criteria. 
These input parameters are discussed in this section. 
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:n,l':iIIlUI1l "I ]\ ..... ,,111\.· COlll'i'llt Lit iUII tor ground "ll .. ,;IIi<'l1 CfOPS <In' rYUWII 
.) 

th.1t dSSU!l'-; thE' lltt'!im,' d()~;t, C'ritpria will lit· III,'! (P.q/m") 

I'SI'~ll,r:i - IIldXilllll1l dll(l· .. .Ihl{' (,Olll'I'lIt r.il inll !ur gnn1l1d 0[1 widell vr()ps ,Irt' grown 
tlldt a..,!;\Irl'S tht> PIlII'q',t.'IICY c\(lSI' vriteria will til' IlIl'! without milk 

.) 

dl"'r'OSill (l1q / In"-) 

PS\'()Tlli ~ lII.1xillllUIl <l11owah1p COIlC('ntrHtioll for grounJ on wbich crops art:' grown 
til.!t ~ISS\lrl'S tlti.' ('III<'rgt.'ncy dose criteria wi 11 be 1111" '""ithout crop 
disp\)!;al (Poq/II/) 

Tdbll' i, ··,l t~,i\'t,~; tll(· rt'c'ol11lnl'll(kd vd1u€'s for GCMAXRi' PSC~ILKi' iind PSCOTHi. 

Table / •. {Ii. Recommended Values for CC1.AXRi, 
PSCMLKi. and PSCOTHi 

Nuclide GCM.A...XR PSCMLK PSCOTH 

5r-81) 1.79x108 2.16x107 2.16x107 

Sr-90 3.67xl04 2.41xlO 5 2.41xl05 

Cs-114 4.07xl06 2,18xl0 5 2.18xl06 

Cs-137 1.16xl06 2.66xl05 2.66:<10 10 

1-131 1.00xl020 1.34xl06 7.9510x6 

1-131 1.00xl020 1.05xl010 1.02xlO11 

It can be assulned the actual value for these variables will most probably lie 
within 2~' of the calculated value. This assumption served as the basis for 
deriving a possible l'ange of values for each nuclide/parameter pair. 

Dis (' \I <; s i (J II 

To assure that th(~ Oos.' received by individual remains below the Iser-defined 
dose criterion, thp dost:' equation d.e., Equation 41) is soh-f'd to find a 
m,n:i.mutll allowable ground concentration that would ensure the dose limit would 
not be (,xC('f'ci(,d. T11:1 tis, 
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DLi ,k 
(4.23) 

DFI,k .)' (A· FAj • T"I,jl 

.- . 

To dett'nui!H' [-hest' lII~iXill1uJll allowabll' ~l,t'out1d concentrations, a dOSt> limit for a 
lIHt:-:im,dly l·xposed individual WelS uspd_ That is, the ground concentration was 
,'Hlculated h,t" an individuiil whose l'llt i re intake of food WdS assumed to 
originatl' on c<)IlL-lininated gl-ound. The maximally t'xposed individual can be 
l'ither an illfant whose food intake consists entirely of milk or an adult whose 
intdkt· of fuod is ha~('d on a "typic,d" market bask",t. 

Since the dose is being limited for an individual, parameters in Equation 4.23 
iJSSUllh' the follo\,.:iuf, df!finitions: 

DLi,k - dose limit for the maximally exposed individual (Sv) 

DFi ,k = dose conversion factor for the target organ k arising from the 
ingestion of nuclide i (Sv/Bq) 

A 

FA' J 

- total cropland area required to grow crops to provide the food for 
the annual market basket for a maximally exposed individual (m2 ) 

fraction of area A needed to grow crop j (unirless) 

TFi.j - fraction of the amount of nuclide i deposited following the 
release that will ultimately be consumed by man (unitless) 

Separate maximum allowable ground concentrations are derived for the long-term 
and growing season food pathway submodels. Associated with each of these 
submodels is an allowable dose (user input dose criterion). 

GCMAXRi is the maximum allowable ground concentration established for nuclide 
i to meet the lifetime exposure criteria. It is applied to the long-term food 
pathway submodel. 

For the growing season food pathway submodel. two maximum allowable ground 
concentrations are established. PSCMLKi is applied to the crop-milk-man 
pathway and assures that a maximally exposed infant (i.e .. an infant drinking 
milk only from animals raised and fed on contaminated ground). PSCOTHi 
assures that the maximally exposed individual would not exceed the allowable 
dose when the nonmilk portion of his annual intake is added to the milk 
consumed when the ground conc~dtration for milk production is PSCMLKi. 

Each of these allowable ground concentrations is dptermined for each nurlide 
is considen'd in the food pathway model. They are used within tIlE' MACCS code 
to determine mitigative action to assure the individual dost' re~pivpd as a 
result of the n·lpdse of radio<1ctive matel"ial will rt'rnain within the 
preestablished ~xposure criteria_ 
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PSCMl.Ki is uSt·d to dt,termirlf' the necessity of dfsp()sin~', of tlw milk bei.ng 
prodlH't'd Ull ('olltamirl<1tt'd groulld. No disposal of m! lk is dV('lllpd to be 
nf'l't'ssary if tilt' following condition is met: 

wtwrt:' 

)' PSCMl..K i 
_ •• -'_4' fi _ + ___ • -< 1 (4.24) 

GCi 

the actual ground concentration of nuclide i following the release 
(Bq/m2) 

Analogously, PSCOTHi is used to determine the necessity 01 disposing of crops 
contaminated by direct deposition of radioactive material orlto the plant 
surfaces following the release. No crop disposal i~ deemed necessary if the 
following condition is met: 

PSCOTHi 
I (4.25) 

i 

The parameter GCMAXRi is used to ensure that the lifetime exposure from 
radionuclides ingested via the food pathway will meet the established 
criteria. No mitigative actions will be required tf the following condition 
is met: 

I 
GCMAXRi 

1 (4.26) 

i 

If the ground concentration following the release is too high for this 
criteria to be met, several mitigative actions are evaluated fJr effectiveness 
in reducing the project~d dose to within allowable standards. The first of 
the mitigative actions evaluated is decontamination of the cropland. If 
decontamination alone is insufficient to produce the required results. it is 
determined whether restricting crop production to allow natural depletion of 
the radioactive material would bring the dose received to within the lifetime 
criteria. Currently a maximum of eight years is permitted for interdiction of 
cror growth. 
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To _ .. ~,"lltte thE' effectivl'llesS of an int.erdiction uf CfOPS for t years, the 
gnnmd COIH'f'ntrat'ion following decontamination is attellu[ited hy an overall 
annual d('pletiun rate, QROOT!, and the dose is again prujecti'd to determine 
wlwtht'r tlw lifetime critpria have he('11 fulfilled, Thilt is, 

GC1i,t. - CeDi • EXP (- QROOTi • t) 

whpre 

cell ,t - ground concentration of nuclide i following t y(·ars of interdiction 
(Bq/m2) 

ceDi - ground concentration of nuclide i following dpcontamination (Bq/m2) 

QROOTi - annual natural depletion rate for nuclide i (i,e., the depletion 
resulting [rom radioactive decay, p{'~colatioll trom the root zone, 
irreversible chemical binding with thf' soil, previc~s loss from the 
root zone from root uptake, and the 10s5 from soil ingestion by 
grazing animals) (yr-l) 

t - nwnher of years over which interdiction is being considel-ed (yr) 

Following the calculation of the ground concentration following each 
additional year of interdiction (up to a maximum of eight years), a check is 
made to see whether the lifetime dose criteria are mE't, that is, 

n 

I GCMAXRi 
----- ~ 1 11 ~ 8 

GCl i ,k 
k-l 

If eight years proves to be insufficient for natural depletion to bring ground 
concentrations to within acceptable levels, the farmland will be condemned. 
That is, it will be purchased and rf'stricted from production. 

A complete discussion of the derivation of the values used for the input 
parameters GCMAXRi, PSCOTHi, and PSCMLKi is given in Appendix C of the MACeS 
Model Description [14]. Because of the lengthy discussion needed to describe 
these calculations adequately, that discussion will not he repeated in this 
document. 
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,,. 4. '} q~OUT 

QROOTi - aIlllUal df'plf'tion rate of nuclide i from tht· root ZOlH' 

Tabl£' ('.48 giv£:'s tht> recorrun(,IId('d valut"s for QROOT for each lluclidt· i. A 
un! form sampliIlg distribution is recommellded for QR()OTi. 

Discussion 

where 

Table 4.48. Recommended Values tor 
QROOT 

Nuclide 

Sr-89 

Sr- 90 

Cc:; -134 

Cs - 13 7 

1-131 

1 - 13 3 

QROOT 

4.9 

0.06) 

0.59 

0.28 

32.0 

290.0 

Range ot 
Possible VdlUt'S 

( 0 . 04 1 - 0 . Ll (10 ) 

(0.51-069) 

(0.19-0.38) 

(4.27) 

QROOTi - annual rate of depletion of nuclide i from the root zone (yr-l) 

RBi 

annual rate of depletion from root uptakE:> of the IIuclide from the 
root zone (ye 1 ) 

annual rate of depletion from radioactive decay (yr- l ) 

annual rate of depletion from percolatioll into soil below root 
zone (ye l ) 

annual rate of depletion from irrev£'rsible chemical binding of the 
nuclide with soil components (yr-l) 

A singlp value ot this variable is derived for each nllclidl:' ('onsidprl'd in the 
food pathway. 
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The annual rat(~ at ... hich plants remove strontium and cesiwn from the root zone 
via root uptake for tht> vArious crop categories is diSCUSSf'd and swnmarized by 
Ostml'yel" alld lh'lton [1] ... hose recolllmf:'nded valuE's an' presentt>d in Table 4.49. 

Tabl~ 4.49. Root Uptake (RU) by Crop and Element 

Crop 

Pasture 
Stored Forage 
Grains 
Leafy Vegetables 
Other Foods 

Rate of Root Uptak~ 
Sr Cs 

0.0017 
0.0042 
0.00021 
0.0013 
0.00083 

0.000083 
0.00021 
0.000021 
O. 000013 
0.000042 

Even though not all the crop categories considered ... ere included in this 
swnmary, the cross section is wide enough that a weighted aVt'rage of these 
values was used to determine the annual rate of depletion from soil via root 
uptake. As a result, the following values given for RU in Table 4.50 were 
obtained. 

Table 4.)0. Values for Root Uptake (RU) 

ElE'ment 

Strontium 
Cesium 

RU 

0.0016 
0.000074 

Range of Values 

(0.00021-0.0042) 
(0.000013-0.00021) 

No value for RU was derived for iodine isotopes because their short half-lives 
mean that these isotopes do not contribute significantly to the root uptake 
dose. 

The annual rate at which a nuclide i rlisappears from the root zone due to 
radioactive decay (RDi) is dependent on its radiological half-life. ROi can 
be defined as follows: 

ln2 

THALFi 
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W11l'1l' 

TllAl.Fi - 1"Hliol()~'_ical hal t -1 i ft' of nucl ide i (vr) 

Tahlp 4.~1. Vdlups for Radioactive 
Decay, RDi (yr-l) 

Nul..' 1 i cit" RD 

Sr-89 4.86 
Sr-90 0.024 
Cs - 1"34 U.34 
'::s-1"37 0.023 
1-131 3l. :, 
1-13 3 292 .0 

Because radioactive hnlf-lives are precisely known, no ratlges are givpn for 
the values of RDi-

The percolat.ion race for strontium and cesium hav£' b£'£'n pstabl isllPd by Hoffman 
and Bal's [11J. For strontium, this rate is given as 0.0021 ye l , and for 
cesium, it is given liS 0.0096 yr- l . The percolation rat£' is strongly 
dependent on soil characteristics; therefore, thrsp values represent an 
approximate rate and are quite uncertain. A range of possible values was 
established by assuming that the actual value would most likely liE" within 25% 
of the estimated value. No value for RP was deriv£'d for the iodine isotopes 
being considered! ince their depletion rate is dominated almost totally by 
radioactive decay. The values and possible ranges of values used for RP are 
slUrunar ized as in Table 4.52. 

Table 4.52. Values for Rate of Percolation (RPi) 

Element 

Strontium 
Cesium 

DRP 

0.0096 
0.0021 

(0.0072-0.012) 
(0.0016-0.0026) 

When attompting to establish the rate of depletillrl from ttw root ZOtll' 1ll'("~H1S(, 

o( irn'vprsible chl'mical binding with the soil, it bl'COmt·s apparent that lhl' 
binding rates for both strontium and cf'sium are stt'ollf.1y ,:qw1Hipnt on soil 
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ch .. r;H',(·ristlcs. Basl'd Oil investig.'itions by Squif'l' 11'<. S'iuirt' Rnd Middleton 
lU,l .. ill.! l.aSSt·y 117;. and n discussion hy Coughtn·y £tlld Thorne :8J. it SPf'ms 
rf'o'I!;ull,ddt' to i1Ssump thilt 1()-20~ of ttIP strontium in thl' soil will bf'comp 
dwmically bound to thp soil particl(·s at a rate of about 1-')", ~wr Y('cH, 
C,"silUn n·c1cts ('ven more dramatically witll clay, dnd appruximatt"lv 8)-95% will 
hl'COIlIP chl'mically bound to the clay particlps and this binoinp, will 
PSS('Tlt ially ht' complete in thrpp YPlirs. Chpmical binding is not an important 
cOllsith·rat Ion fel!· the iodirw isotopf'S bpin?, consid.-red. sincp radioa.:tive 
de,'ay is the prim.lry me('hanism hy which they are dq)l~,t{'d from the 
pnvi lOTUnl'llt. 

Baspd (In this information, the values and ranges in Tahle 1 .. "-J1 were 
(-'stabl ishpd for the annu .. ll rate at which the nucl idt'S hpcomp unavai L1ble for 
root uptClkt, hf'C'ilUSP of irn·versible binding with the soil. 

Tahle 4,53. 

Strontium 
Cpsium 

Values for Binding Part'. RB 

RB 

o.tno 
0.75 

(0 U1-0.0'-,) 
(0 : '-0.3) 

Using th(' indicated derived values and rang{'. for thl' dppletion rates from 
root uptake. radioactive decay, percolation out at the rOI): zone, and chemical 
binding with thp soil. the recommended values for the total dt-pletion rates 
were found as thp sum of the component parts as indicat('d in Equation 4.23 
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THhlt' '> 1 li~;ts tht> vIIIIH'S nf nOI\!ilnn t'c(lT\omic parllll\,·tf'r~; It'('(ll1llllt'l\d,'d f(lr 11,·;t' 

in MA(:CS. 

Variable (Units) -----. Sitt' Value 

OPRAn: (pl'r V1') ;\ 1 I O.? 

OSRATE ( per v 1") All 0.12 

EVACST ($/day) All $'2l 

FRNFIM A II O.B 
POreST ($ ) A 11 $ ')(WO 

RELCST ($/dilY) A II ';27 

VAUJNR ($ ) Crand Cull' $)3K 

P(·ach Bottom $79K 
Surry $84K 
Sequoyah $66K 
Zion $76K 
US $80K 

I{IIII£,e* 

0_1 O.J 

O. / - o. ] .' 

$2~ - $'30 

0.7 - O.q 
$3')00 - $7')()() 

$2') - $30 

$43K - $6lK 

$69K - $ B'll" 
$74K - $9 i ,K 
$56K - $7hK 
$66K - $86K 
$60K - $lnOK 

_____ 01' f in i t I (l !l. __ _ 

Propp rt V d('p l-pe i at i Oil 

rillE' 

1 T I V t' ~; t !II (. 11 t l' <I [t' n t 
l'('iul'1l 

Pt'r diem 1 ivinf', 
('X IH~ ns f' s for ('VI1 C tll'l'~; 

Narda t'm 

Rf·lo('at ion costs for 
owrwrs of interdl('t('d 
pr'opt'rl y 

Per diem livinr, 
pxpf'nses for relocf1tpd 

populat.ion 
Pf'r capitA valut' of 

nonfarm wf'ldth 

* All s:Jmplinr, distributions shollrl ll' uniform OVt'r thp statf'd t"Cmt',ps. 

5.2 Nonfarm PHrf.lmf'tf'rs: Discussi.CI...!J 

Most of the dC1ta pn,'-s(>l1tE'd in t.h£' following discussion W('l"f' tak('n trom 
Statistical Ab~:-ract of the llnitf.'d Stat('s for 1988. {, ft·w fif,Ut'PS Wf>rf' InkC'n 
from fortune (April 2'>,1988) and Forbf'5 (January 11. 19f{Cl, .JUIW n, 19tH!) 
magazines. 

The economic moch-[ ill tlic> ~V\CCS cod£' trpats fol]owilll', (O'';[S' 

(1) Ortily food and lod!',ing costs fH'r pprson for '.tl("t-tll'ln n']o(',tl[oll of 

peopi(' who (,V<l(,ll:1tp or r£'lociltp during rhl' ('lIlt'If',('llc\, pll,l<;t' of (~H' 

accident (t· g .. thE' first Sf>Vt'l\ days aft.PI Ihl' ;ICI'id"llt), 

') - 1 
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(), D<'I·(\l1titl11ill.ll i01\ ('()<;t<, for pl-opf'rty that ('<Ill ht· n·tul·lled to lISC'. 

i. II Economic ]OSSt's incurrf'd while property j-; tt-'mpOriil'llv il1terdictpr\ so 
th.1t iI p('riut! of dl'cay t(lll(lwin~', maximum r\('('llIllallilnlltion CflU reduct' 
\'('.11'1'1 d,,-;,"; to ii!'('('l'lilhl€' It·vpls (f.'.g., ') ') 1'1'111 ill f'i~',ht Yf'<lrs), nnd 

Th.· mod.·: divitit's I'collomic costs into Iwo groups, hlrm ('osts and nonfarm 
(·o~;ts Farlll C(l';ts Cif,· <llwilVS calculated per hectarE' of fann1and (worth of 
Llnnlc1T1d i~lld imrrovl'mt>nts pl'l" hpC'tare, crop worth ppr hf'ctarf'). Nonfarm costs 
;Ir,' ,1lw.'1\'s cnl('ulatpd pt-r person (temporary and permfln£'llt l"P1ocation costs pl'r 
p(~rsol1. tallgibl(' wort .. of nonfarm property per pel"son. cit'contamination costs 
,I{ nOllfarm propel"tv per ~H'rson), whE'rE' nonfarm propprty includes resident.ial, 
cOIllIll(>u-ial. and puhlic land. lmprovements, E'quipm(,llt. and posspssions. 

" .. ) I H(,location Costs 

l',ud:t> ~ 1] {-'st imat,·ct pc-r dif'm relocat ion costs (housing. food, transportation) 
pel" ~1f'rs(ln to tw $73.70 in 1982 dollars. CorrectlOI1 to 19R6 (lQS6 CPI - 328; 
1982 cpr - i89; ratio ~ 1.13) gives $26.90 per day Pf'l" pf'rson. Fifty dollars 
ppr night [01" a four-p£'rson motel room, anrl $3.)0, $lL'JO, and $7.00 per pC'rson 
for hr£>akfast, lunch, and dinner plus $1.50 per dilv for public transportation, 
rivps $29.00 p~r day per person. Burke estimated thAt mass care per diem 
costs would hi:' about half the cost of commercial carp (hotels and restaurants) 
and that about one fifth of all relocated persons would he accommodated in 
~ ~ss care facilities If pE'r diem costs are $29 per person for 80 per cent of 
t:I(' relocated populitt ion and $14.)0 per person for the rpmilining 20 per cent, 
an average p~r diem relocation cost of $26 per person results, which agreps 
well with Burke's result after correction to 1986 dollars. Therefore. a per 
diem relocalion co~t of $27 per person is recommended for use in the final 
NUREG-11S0 calculations. 

5.2.7 Dpcontaminat ion Costs 

The MACCS decontamination model assumes that for hoth farm and nonfarm 
property sevE'ral (no more than three) decontamination methods will he 
<lvCliL,' leo For each decontamination method, the model requires a cost (ppr 
hf'ct al for farm propt'rty and per p{'rson for nonLlrm prnpf'rty) and a 
decnr amination f<lctor, rD, whC're 

FO - CjlCf 

and Cl and Cf are the surface contamination levels hefore and after the 
de('ontamin~llion stf'p. A1though the costs of the ri£>C::ontamination methods for 
farm and nonfarm propprty need not be the same, tllF' set of dt"contamination 
factors USf'd for farm propprty must he th£' same itS t ~l<' spt used for nonfnnn 
propp n y. 

J.2.1 Tf'lTIporarv Tnt£'rdiction LoS~,f>S 

',,'h"'11 prOpf'r!v is tf'mporarily interciict£>d, thrpe ('I,stS iln' in('ul-rf'd for nonfarm 
~'I-OP('rt'." ,Hid t,,,,,) fnr farm property. For nonfarm [ll'llpi·rt'/. tIll' Ihn'!' cost s al'f' 
lo~;t ' .... "/';f"·; pf·J" pr'r"son rnov('d, lost rpturn on invef,tr:1f'!lr ,)!\ ttl<' in!erdict(·d 
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•. 1IPt'ltv, fllld tlw ('ost of tlw l"t'palrs rt'tjtdn·d to n'fllrn tlw propprty to uSt' 
ullq, tbt' il\tt!rdl('tiol\ pt.·riod 1.'Ill\S. For fllnn property, tt\l~ st'col\d al\d third 
("O.'it~i appl .... hilt tht' fllst does not (bpcllw.e only tlw nonfarm economic modpl 
tlt'Hts 11t">pl,» 

Bud:.· i I: 1.'x.,w,llwd tllf' r,-locdt (un cost s t hnt would hE' illl'urn·d by a person 
ton','d t{. !t·lol'''!t, ht·l'.:nlst· his hOllle liM! tH'~n int(>rdi('t(·d. Since most of his 
po·.s\',;siolls hiIVl' l)('l'll ('ontill1lillatN\, Burke' concluded that moving costs would lH' 
slIl,dl ... h,·11 l'olllplIf'{,d to lllst "'i.lg'·S .... hich hf' {~stitnatt·d tll total about $4000 
bd5t.·d on tIlt' cl:,sLlmpt ion thut ('nch workt'r relocated wCluld bl' out o~ work for 
lOu to 180 dcl"s. Sinet· p(;'r capita income in 1986 W,1S $l!,,()OO, if 140 days of 
1(\st "'''~t·S art' Hssumt·d (the aVt'l"age duration of unf'mploympnt from 1972 through 
lYH6 ..... 51'> w('('ks or IO') days. RE'actor Safety Study [2] assumed that 
intf'rdict{'d busint.·ssps would require about six months to reopen in a new 
loeat iOl\) llnd lost wllges per pE'rson relocated would h(' $,)600. Correction of 
Bud:t>'s t'stimatt· of $!,OOO based on 1982 data to 1986 vi£'lds $4')00. 
An'ordingly, a movinc::, cost of $5000 is recommended for use in the final NUREC­
II')!) clllcullltioliS. 

As~ume that all property (land. buildings. E'quipmellt. etc.) can be viewed as 
all inypstm~nt that yields a rate of return, r, and d~prf'ciates at a rate, P. 
if ltd t untE'ndE'd for some length of time, t. If, for example, the property is 
lnterdict~d for t years, then two costs are incurr~d: (1) lost return on 
invt'stmt.'rlt and (2) r£·pair costs. 

Consider a property composed of land (present valup L) and improvements 
(present value I). The total present value of the property is L + I-V. and 
the fraction of the total present value that is improvements is I/V - f. If 
this property is now interdicted for t years, the lo~r return on investment is 
V t - V, "'~lf're Vt - Vert and the repair costs that will be incurred at the end 
of the interdiction period are I - It. where It - I e-pt. Therefore, 

Loss on InvE'stment 

Rppair Costs - I - It 

LE~t the prest'nt: valu('s of the lost return on investment and the repair costs 
he V' and 1'. Then 

V' prt - V t " V - V (e rt - 1) 

and C', ftlP pn'spnt value of the total lossE's incurred during thE' interdiction 
pe I i od (t), i s 

c - V' • I' - V (l - e- rt ) + 1 f.,-rt (1 - e-pt) 

~-) 
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To applv tilp prt·'·t~dillh m(ldel, ';alues for v, f, r, dnd Far .. r!ri,d.:-d Sinet' 
~tACCS c,tll'ldatt's L .. !'lll costs on a p(·r hpctare hasis and tlot.tar'lI! ..:ost", on a r ... r 
Pt'ISllll basis, tlw valu ... s of V n€, ... d .. d are the value of f .... nt rror,l:>r-t:: rer 
llt~l'tiln' (p ... r iter ... ) and ot nonfarm propf'rtv per pE'ISOn SLit .. <.nd national 
datd tor farm pl-Op .. rtv are 3':ailabl .. from Statistic,d A~I-.::r,iC' of the. Cni:t>d 
St<lt£'s :3j and an' di~,cussi'd in other data packag.·s A ..... al~le for tho:· per 
person worth of nonfarm residential commercial, and p'..lLolic properc-; cap DO? 
pst imat.,d from tbe following data, which ...... re taker. from R ... t 'J' 

Reproducible Tangible 11th 
l'l'ban and Bu i 1 t -tip Land 
Total Farm Assets 
Farm Land 
Farm Hous.:-hold Possessions 
1 9 H 7 Ll. S. P () P u 1 a t i 0 Il 

$1.98 x 1013 
4,64 x 104 acr· ... s 

$7,89 x lOll 
- $ ') . 5,4 x 1011 

$3.0') x 1010 

2 44 x 108 

Sow assuming that nonfarm land costs about $QO,OOI prr dcr~ I:vpicd! suhurhan 
residi:'ntial lots an' 0.2 aCt-e, land usually constirutt"s at.out one fifth of the 
cost of a house, and the 1986 median value of houses WdS S4~.0001. the pet 
person .... orth of nonfarm residential. commercial. and puhli .. , pr<.lp.ny. that is 
V, is given by 

v - [reproduciblp tRngible wealth 
+ value of suburban land 
- value of farm assets 
+ value of farm hou&ehold possessions;/[U.S. F~Fuld·ion· 

= [$l.Q8 X 1013 
+ (4,64 x 104 acres)($9 x lO~ acre-I) 
- $7.89 x lOll 
+ $3.0S x 1010~/:2.44 x 108 people) 

$ 7.8 x 104 

Therefore. V is about $80.000 per person. 

The value of V is likely to vary significantly by st~tr This validtion Cdn 

be approximated by multiplying tht' $80,000 value I·',' ~tj(' rd~io nt .t !!.t.lt(··~;. ;wt' 
capita income to tht' national per capita income. Th.· ~,~·t~i"'·llr d.Hd .u·.' ,.-h·t·a 
in Tahle 5.2. 
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Tilhlt' '>.2. Vd1ui" to R{'gi(.n 

&.~!..()r ~(llJ Wi.lD ilL.,tt· 1- Cdpita IncolllP 3 __ i~~)~lQl 

[IS $114 6 SRO 
St·q T~ 1 " II hi) 

AI. 1 1. -3 h/ 

Zion io:l 1'3.9 .'f) 

l'hi""go 13.2 ... ) 
/ , 

IL 15.6 HS 
CC MI 9.7 '13 

LA 11 .2 hI 
Pi) i'A 14.2 14 

MD 169 'n 
Sur VA 15.4 114 

Since investment property is usually purchased by borrowiT\~ money (mortgages. 
equipm('nt loans). r. t.he total rate of return on ar;? l'l'opf'n v must b(' 
calculated as the dollar weighted sum of the property own~r's rate of r~turn 
on equity (rE ) and the debt holder's rate of return on dvht (rn ). 
Spec i fieally, 

r - frE + (l-f)rD. 

where f - EIV, E Is the owne::-'s equity in the propE'rtv. V :s the total value 
of the property, and V - E - 0 is the debt on the property (for all 
manufacturing companies, DIE - 1.B and thus f - 0.36. for the Fortune 500 
companies, DIE - 1.2 and f - 0.45). 

Several measures of the rate of return on debt or Pqllitv are given in 
Table 5.3: 

Table 5.3. Rates of Return 

Conventional Mortagage Rate (1970 - 1986) II 0 

Return on Equity 
Forbes Stock fund Composite (1977 - 1987) 
Standard and Poors 500 (1977 - 1987) 
Fortune 500 (1971 - 1987) 
Fortune 500 (1983 - 1987) 
Fortune 500 (1986) 
Fortune 500 (1987) 

If, 
1', 
I . , 

L 
1 1 
1 l 

., 
'.1 

) . 
R 
(, 

All M,muf~cturillg (1985) 1: f-

All MtlTlufacturing (19R6) 11 /. 
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Thes~ data suggest that 12\ is a representative rate of return on both 
mortagag~s and equity. Therefore, r equals 12\, which is the value of r used 
in Reactor Safety Study [2). where r was viewed as the carrying cost 
(expressed as a percent of value) for interdicted residential property 
(mortgage rate of 9% plus real estate tax rate of 3%). 

Finally. no data on depreciation rates (p) for untended property are 
available. Reactor Safety Study assumed a value of 20% per year for p after 
noting that depreciation rates for property that is maintained are typically 
)% to 5% per year. 

5.3 Farm Parameters; Recommended Values 

Table 5.4 gives the recommended values for VALUE and FRFIM. 

Table 5.4. Recommended Values for VALWF and FRFIM 

Site VALWF ($/ba) fRFIM ($lha) 

Grand Gulf 1824 0.30 
(Mississippi) 

Peach Bottom 4469 0.25 
(Pennsvlvania) 

Sequoyah 2708 0.27 
(Tennessee) 

Surry 2952 C.25 
(Virginia) 

Zion 1754 0.49 
(Wisconsin) 

VALWF - Value of farm wealth in region (includes 
all improvements belonging to both public 
and private sector) 

FRFIM - Fraction of farm wealth in region from 
improvements (includes buildings. 
equipment, infrastructure (such as roads, 
utilities, etc.) 

5. ~.l Discussion 

The total value of farm machinery and implements in 1988 is 84.5 billion 
dollars according to the U.S. Department of Commerce [4:Table 1086]. Since 
there are 1002 million acres of farmland in the U.S. [4:Table 1057]. the value 
of machinery and implements per acre is $84.3 or $208.2 per/hectare. 

5-6 
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Tht' Vdlul." of farm land ,md buildings in 1988 (4:Tablt-' 10fJbj in the statl'S 

bt'ing cOllsi<it'H'd can tHo' summarized as in TahIte' 5.'), 

Table ).5. Value of Farm Land 
and Buildings (1988 ) 

Value of Land & 
State Bui Idings (Slha ) 

Mississippi 654 

Pennsylvania 1725 

Tennessee 1012 

Virginia 1111 

Wisconsin 626 

The data in Table 5.5 were used to determine the value of the variable VALWF 
for each of the states considered in Table 5.6. 

Table 5.6. Values for VALWF by State 

Value of Land 
State ~ildings ( Slha) VALWf{ S /ha) 

Mississippi 1615 1824 
(Grand Gulf) 

Pennsylvania 4261 4469 
(Peach Bottom) 

Tennessee 2500 2708 
(Sequoyah) 

Virginia 2744 2952 
(Surry) 

Wisconsin 1546 1754 
(Zion) 

-~--------.-.-.- ~---~--.. ~ 

Based on information from the USDA for 1984 [4:Table 543J. Table 5.7 shows the 
valup that was determined for the percentage of the totdl valup of the farm 
that is accountf'd for by the buildings for each statt' being consid(·red. 

')-7 
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Tablt> ').7. Value of Bui 1di llgS 

•• -- -- +- - •• ---------------
- .. --- -- .- .---.-~.- ._-.. 

Total Value 
Va1ui' of Land Value of Rt'presented by 

S t <t t t' and Builrlinss* Bui IdinS5 Buildi r1Ss ( %) 

Mississippi 13814 197') II • . 3 

l'f'ltnsvl vani a 1201S 3196 26.6 

T("nn~'ssee 12743 2829 22.0 

Virginia 10192 2140 21.0 

Wisconsin 17436 4830 27.7 

'* in millions of dollars 

This percentage was then used with the values derived for VAUIF to determine 
the current value of buildings/acre, as well as the total value of buildings 
and equipment/hectare as in Table 5.8. 

Table 5.B. Value of Buildings per Acre 

Value of Value of Value ~ f Bui ldings 
Buildings Buildings 6. Equipment 

State (S/ac) (Sths) (SLha) 

Mississippi 138 341 549 

Pennsylvania 367 906 1114 

Tennessee 211 521 729 

Virginia 218 538 746 

Wisconsin 265 655 863 

The values of FRFlM in Table 5.9 were derived as the fraction of VALWF that is 
represented by improvements (buildings and equipment). 

5-8 
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Table 5.9. Values of FRFIM 

State 

Mississippi 
(Grand Gulf) 

Pennsylvania 
(Peach Bottom) 

Tennessee 
(Sequoyah) 

Virginia 
(Surry) 

Wisconsin 
(Zion) 

REFERENCES 

FRFlM 

0.30 

0.25 

0.27 

0.25 

0.49 

[1] R. P. Burke et al .. Economic Risks of Nuclear Power Reactor Accidents, 
NUREG/CR-3673, Sandia National Laboratories, Albuquerque, NM 1984. 

[2] U.S. Nuclear Regulatory Commission, Reactor Safety Study, Appendix VI, 
"Calculation of Reactor Accident Consequences," WASH-1400, Washington, 
DC, 1975. 

[3] Statistical Abstract of the United States. 1988. U.S. Department of 
Commerce. 

[4] A&ricultural Statistics 1984, United States Department of Agriculture, 
Washington, DC, 1984. 
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APPENDIX A: Sample NUREG-llSO KACCS Input Files 

A. I ArMOS ............................................................... A-'} 

A.2 EARLy ............................................................... A-II 
A. '3 CHRONC .............................................................. A-19 

A .l+ DOSDATA ............................................................. A- 29 
A.~ SITE ................................................................ A-43 

Surry ............................................................. A-44 
Sequoyah .......................................................... A-48 
Peach Bottom ...................................................... A-52 
Grand Gul f ........................................................ A- 56 
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I :~: '£-:1 1· :.Iil \ 1 , · TI~t 'f·'. 
1:>1 'f:n'U~( 'l\4 · THI'I. 
1 SI 11-:1'1-1. .. \( II", · THt'F 
I Sr'r:I'I··I.AUllt, · THI!E.:. 
1 SLWf'FLAV)' , TH1'f:. 
lSDEPFl.AOOH , TRI'!::, 
1 Sl'El'FI.Aon q · TRI'£-:. 

• Nt:C!.1 liE l;rWl:p DAT/\ FOR 

NtICNA:-l 

1 SCI \'G}{PU(' 1 cu ~. p 
I ~~ClTf'GHPG0.' CO bO 
ISClTPGRPOOi KR -8', 
lS(iT'PGRPOO4 KR 8'->M 
lS()'rpr.~R POO ') KH S' 
ISOTPGRPOO6 KR-tl8 
ISOTPGRPOO? RB-86 
ISOTPGRPOOB SR-89 
lS0TPGRPOO9 SR-·90 
lS0TPGRPOI0 SR-91 
lSOTPGRPOl1 SR-'9:' 
lS0Tl'GRP012 Y-90 
ISOTPGRP01 ~ Y-91 
lS0TPGRP014 1'-·92 
ISOTPGRPlilS 1'-93 
lS0TPGRPOlb ZR-9:) 
rSOTPGRP017 ZR'-97 
ISOTPGRP018 NB-95 
lSOTPGRP019 MO-99 
ISOTPGRf:J20 TC-99M 
1SOTPGRP02J RU-I03 
rSOTPGRP022 RU-I05 
1SOTPGRP023 RU-I06 
1SOTPGRP024 RH-I0S 
rSOTPGRP025 SB-127 
lS0TPGRP026 S8-129 
1SOTPGRP027 TE-127 
1SOTPGRP028 TE-I27M 
1SOTPGRP029 TE-129 
ISOTPGRP030 TE-129M 
ISOTPGRP031 TE-13 1M 
1SOTPGRP032 TE-132 
ISOTPGRP033 1- 131 
ISOTPGRP034 1-132 
ISOTPGRP035 1-133 
1SOTPGRP036 1-134 
lS0TPGRP03i I-D~) 

ISOTPGRP038 XE-l n 
ISOTPGRP039 XE-135 
ISOTPGRP040 CS-134 
ISOTPGRP041 CS-136 
ISOTPGRP042 C5-137 
ISOTPGRP043 BA-139 
lSOTPGRP044 BA-l40 
rSOTPGRP045 LA-l40 
ISOTPGRP046 LA-l41 
ISOTPGRP04: LA-142 
lSOTPGRP04~ CI:> 14 1 
lSOTPGRP04 4 CE-143 
lSOTPGRPO',O CE-144 
lS0TPGRPOS1 PR-14 3 
lSOTPC-RPW,2 ND--147 
lS'JTPGRPCl'·1 NP'239 
ISOTPGRPOS4 PU 238 

. Thn: 
· TRU: 
· TIIl'~: . 
· 'I H'E 
· THI'l<. 
. TRUE. 
,TRUL 

q ~1.'C1 J 1'11-: CRell'I'S 

PARE~JT IGR(il'P 

N(J~,l': b 
NO:--:E (, 

NONE 1 
NONE 1 
NOt~E 1 
NONE 1 
NONE .3 
NONE " J 

Nor~E 5 
NONE 5 
NONE ) 
~R- 90 7 
SR-91 7 
SR-92 7 

NONE i 

NO~E 7 
NONE 7 

ZR-Qr; 7 
NONc. (, 

MO-99 6 
NONE 6 
NONE 6 
NONE 6 

RU-I05 6 
NONE 4 
NONE 4 

SB-I27 4 
NONE 4 

S8-129 4 
NONE 4 
NONE 4 
NONE 4 

TE-131101 2 
TE-132 2 

NONE 2 
NONE 2 
NONE 2 

1-133 1 
I-US .1 

NONE 3 
NONE 3 
NONE 3 
NONE 9 
NONE 9 

8A-140 7 
NONE 7 
NONE 7 

LA-141 B 
NO"lE 8 
NONE 8 

CEo 143 -; 
NO:~E I 

NONE e 
C~ 212 e 
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1. t.t "t·· [If'. 
3, :H~tE' ,'p. 
1 . f 1 ;. F> C4 
4. ~,t,UE+ () \ 
1. ('Ubi:> 04 
1 .611 E ~ Ot, 
4 .4'.1.~E"'C)t, 
8.!:H"1">lH 
3 . 4 1 .H: ~ (j 4 
9. :"'6E+O-, 
2 . 10-,' E • C~ ~, 
~). O!-'.':: r~~ Ct, 
1. >4 t- (/4 
3.t,H,E,04 
5. (,'·,yF .. ," 
6. ~14 HE:' ('4 
3.l! nl:>ot'. 
2. ','" T·:' 0', 
2 . It, "7 1:> 0 '1 
3.421F'+06 
1. ',get> 04 
3.18PE+O-; 
1.2'8E"'05 
3.283E+05 
1.5621-:-04 
3. ~,66E+04 
9.41BE+06 
4.200E+r3 
2.8e6E+06 
1.080E"'0':, 
2.808E+0:) 
6. 94-E"'05 
8.226£+03 
7.488E+04 
3.156E"03 
2. ,'lE-04 
4. :,/1 E" 0:-' 
3.301£+04 
6.':>01E"'O~ 
1. 123E"'06 
9.491)£ ... 08 
4.986£+03 
1.105£+06 
1.448E:+-05 
1.418E"'04 
5.·'24E·01 
2.811I::~Ob 

1.1e8F>O~) 
2.4 '., 'r:. (l'! 

1. l' H" f;r-, 

9 . <1 'J', r: . I, ') 

2. {\ ~ I, IF''' ;' ~. 

2.I-'(t,JL~(·f 

~';F.\oJ 

NE·,~ 

KEW 

NEi"l 

NEW 
"<EW 
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I. 

OAGI0000919_00166 



lS('Th~IiI'l" I Pl' i 1 \.f NP' <'39 e 7.700E-+l1 
I S0TPG f. P',' '. t, Pl.' . :2-l C' C~-2H e 2. 133E-+11 
1 S()T P,,:tH'" . flL> 241 NO~~E e 4.60eE-+OE: 
1 SOTPGr F'e~, ~ A."l- 24 1 PlI-'241 7 1.366E-+10 
IS01Pt;Hh!:,q CM-·.24 :2 NONE 7 1.408E-+C';-
ISOTPGRPC60 CM-244 NO~E 

., 5. 7l2E-+"~ I ............................................................................................... 
• WET ;'EPOSITI.:I:\ DATA BLOCK. LOADEr.' BY INPv.'ET. STORED I~ /'V."E,!'CG~~. 
• 
• WASHOt'1 COEFFIeI ENT Nl't-'.BER ONE. LINEAR FACTOR 
• 
WDCWA5H10C1 9.~E-5 (HELTON AFTER JONES. 1986) 
• 
• WASHOLli COEFFICIENT NlJMBER TWO, EXPONEr;TlAL FACTOR 

\r,'DCWASH2C'i.)l 0.8 (HELTON AFTER JONES, 1986) 
••••••••••••••••••••••••••••••••••••• ** ••••• ** •••• ** •••••••••••••••••••••••••••• 
• DRY DEPOSITION DATA BLOCK, LOADED BY INPDRI. STORED g /DRYCm~/ 
• 
• Nl~BER OF PARTICLE SIZE GROl'PS 'see letter fro. •. A. 
• C\lnn1119U. (ae) u 

DDNPSGRP!)Ol 1 r.T. .arper (SIlL) 

• dated AUIJ. 'J. 1 •• 0 

DEFOSITION VELOCITY OF EACH PARTICLE SIZE GROUP (MIS) 
filed In MaC Public • Doc\ment a-. 

• 
DDVDEPOSOGI 0.01 (VALLTE SELECTED BY S, ACHARYA, NRC) , 
•••••••••••••••••••••••••••••• * ••••••••••• * ••••••••••••••••••••••••••••••••••••• 
• DISPERSIOt\ PARAf>'.ETER DATA BLOCK, LOADED BY Ir-;PDIS, STORED IN /D!SPY/, /DlSPZj 
• 
• SIG~~ - A X •• B WHERE A AND B VALUES ARE FROM TADMO~ ~u Gu~ (1969) 
• 
• LINEAR TER."'1 OF THE EXPRESSION FOR SIG~.A-Y. 6 STABILITY CLASSES 
• 
• STABILITY CLASS: A B 
• 
DPCYSIGAOOI 0.3659 0.2751 
• 

C 

0.2089 

D 

0.1474 

E 

0.1046 

F 

0.0722 

• EXPONENTIAL TERM OF THE EXPRESSION FOR SIG~.A-Y. 6 STABILITY CUSSES .. 
.. STABILITY CLASS: A 

DPCYSIGBOOI .9031 .. 

B 

.9031 

C 

.9031 

D 

.9031 

E F 

.9031 .9031 

• LINEAR TERM OF THE EXPRESSIO~ FOR SIG~.A-Z, 6 STABILITY CLASSES 
• 
• STA61LITY CLASS: A .. 
DPCZSIGA001 2.5E-4 
• 

B 

1. 9[-3 

C 

.2 

D E F 

.3 .4 .2 

• EXPONENTIAL TERM OF THE EXPRESSION FOR SI~~-Z. 6 STABILIT{ CLASSES .. 
• STABILITY CLASS; A B 
• 
DPCZSIGBOOI 2.125 1.6021 
• 

C 

.8543 

D 

.6532 

E 

.6021 

• LINEAR SCALING FACTOR FOR SIG~~-Y FUNCTION, N~ALLY 1 .. 
DPYSCALE001 1. 
• 
• 
• 

LIN:~R SCALING FACTOR FOR SIG~~-Z FUNCTION, 
NORr-".ALLY USED FOR SL~FAC[ ROUGHNESS LENGTH CORRECTIO~" 

F 

.6020 

• (Zl / ZO) "·0.2, FROM CRAC2 WE HAVE (10 eM / 3 C~~ ··0.2 - 1.r 
• 
DPZSCALEOOl 1.2~ 
* •••••• * ••••••••••••••••••••• *.* •• ~.*.* ••• * ••••• * ••••••••••••••••••••••••••.••• 
• EXPA~;SIO:-; FACTOP DATA BLOCK. LOADED BY INPEXP, STORE~ 1~~ 'EXPA~~[O' 
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• 
.. TI~~. BASE FOP [XF't\~ •. :l· .:, FACTUR (SEC()~;nS) 

P:1T H-!RASOu 1 bCJ ( 10 r-ll Nl'1 ES ) 

• BFEAK PO} t--:T FOR FCRXI T.A CHANGE (SECm;rlS) 
• 
Pr-'.BRKPNTOCl 3tOu. \1 hour) 
• 
• EXPONENT IAL EXPA~S 1 C·~ FACTOR NU1'-'.BER 1 
• 

• 
.. EXPO:-;EKTIAL EXP.r,.~;SlC~; FACTOR ~l;y..<.EER 2 

•• ..,. ........ ,..._ .......... 1f ...... 'It* ..... ,.. .. 1II'JII ....... * .. "' •• 1II.,..1II' ............. ,.. .. ................... 'It .. ~ .............. ~ ... * .. .. 

.. PLU1'-'.E RISE DATA BLC'CK, LOADED BY INPLRS, STORED IN ,PU'Mf<S. 
• 
.. SeALIN,'; FACTOR FOR THE CRITICAL WI~D SPEED FOR E~TRA1~i!'-u:~T OF A BOl'YANT PLliME 
.. (rSED BY FU;CTl C~; CAUGHT) 

PRSCLCRW001 1 . .. 
.. SCALl~'G FACTOR FOR THE A-D STABILITY PLUME RISE FORXC'u., 
• (L'SED BY P:::':'TIcr~ PL""JdS) 

PRSCLP~POOl 1. 
• 
• SC ALl NG FACT(lR FOR THE E-F STABILITY PLUME RISE FOR!>~L-:..A 
.. (uSED BY Fl~NCTlm~ PL"1H1.S) 
• 
PRSCLEFP001 ] . 
.................................................... * ........ * ....... * ................................... . 
.. WAKE EFFECTS DATA BLOCK, LOADED BY I NPWAK, STORED I~~ lBILWAK/ 
• .. SITE GG PB SEQ SUR .. WIDTH (M) 40 50 40 40 .. HEIGHT ( "'. \ 60 5(1 40 50 .,' 
• .. BnLDING WIDTH W..ETERS) .. 
WEBC:;:LDWOOI 50. PEACH BOTTOft.~ .. 
.. BUILDING HEIGHT (METERS) .. 
WEBl'ILDHOOl 50. • PEACH BOTTOM 

.. RELEASE DATA BLOCK, LOADED BY INPREL, STORED IN /RELEAS/ .. 

.. SPECIFIC DESCRIPTIVE TEXT DESCRIBING THIS PARTICULAR SOCR:E TER~ 
• 
RDATNA.t.l2001 'NUREG-ll"iO PEACH BOTTOM SOURCE TERM PB-1S-l' 
• 
• TIME (SECO~['lS) AFTER ACCIDENT INITIATION WHEN THE ACCIDENT REACHES GENERAL 
• EMERGENCY CONf'ITIONS (AS DEFINED IN NUREG-0654). OR w"HEN PLANT PERSONNEL 
• CJI.~ RELIABLY PREDICT THAT GENERAL EMERGENCY CONDITIONS WILL BE ATTAIt'ED . .. 

1.40E4 

• SELEC1IOK OF R;St< ['lOMINANT PLUME .. 

• I\l"P.flE:f.' OF P~.l;'T SD~:':E'nS THAT ARE RELEASED 
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!.' 'i. 

I,: " I' 

. :: .. : : ;,~ I· ;'; E-JI,:;r:: ~:['\~~H':\r::- : '.-;!\T1:~ ~ 

t'!";!,!; I, ! .. '\,·H "~f, lH~: REL.!-: • .;:-:.r: :-:L;;..o..E:,1:-' 

f.: ,'::: i .' . ~ ~ 4 I .. 4 'H't, t C'Eb (. . , .:4 C' SE(' , , .... \L 

4 1 84 . , 
'S E:': .- 1 (: .c .. !.. 

: iii· 11: ':·~I SEi:'~~\1S A1 PF:U:';:=:~ (~.EIEPS) 

:~f r '; f: L ~f.' F;",-H GF HIE RELEASE SEG:-'.E~;TS 

~ r , • 

• :'I.!'; .. : 1 :; ':"'F lH[ t'Lr~.f" SEGHJ::NT::i (SECONDS) 
• !, .,':\: 1'[ :':;JF·, ll- I r.:~ H;R I::";:=-H OF 1HE RELE. .... SE SD;[Io'£~;TS 

• ~: :':I-! PFLLD.SF h'P EA,:-H PLllY£ (SEeS FRO;-': SCRA~) 
• .r, ';.;~~. :.:~E:"1'HIC· FeR EACH 0F '!'HE RELE.n.SE SEr;Y .. e::-s 

* cr·:,·:'\' ; .. '1:r i-"f; CS TE Sf{ 

R['RE:"'FP('('i C' . t,t, t ~}:- 1 9.4E-) 
RDRELFF\"(I( ::: (,1. ,4 :;.44 0_ S4 

O. 019 O. 
0_61 O. 

C ":{. 
- , 
~ 

3. s: 
? j;' 

, . ,- .... ,., . 
~ .; ,,", t t .. • t:: r . 

4 ' , ... >t 
'~j'" ~ 

, .I. • 

* 3~'P ;'~""'-:-fi Bh'R '~\.,F-'E I~~IE;,TOPY, BU % CAPACITY. 3."~ .... f;·.::- .. :::-::-:: .. ~. 

.. S~"PPI..:EL) BY P.E. BE!\!\ETT, 6,:li/Bt 
* .. 

RDCOH I 1,'\/'.'1) 1 
R['COR I NVu0.2 
RDCORI:~OO 3 
RDCOHI!N004 
RDCOf.' I~'VQ05 
RDCO.d :-.'V(,"J6 
RDCOP: !,,'VU'" 
Rnc-op I ~'V [I C f, 
RDCOP 1 ~~,' l: (~ 9 
RDCC'F I ~~/\) 1 (; 
Rr{"OF< r :\\/~! 11 
Ru:::m,': ;;}C' i;' 
Ri)COR ! :;';~J 1< 
RDCOP r ~.;\'() 14 
RDCOR I ~~"01 c, 

RL::::OF< I >;v;~\ 1 t 
RDCOP I ~;,,~'J 1 .~ 
PDCC'P ; ;:',/.::' 1 t­
R[ICe? 1 :;,':~ J.~' 
RLICCP 1 \~,' = :>_ 
Rl.ICOP I ~:"".:, 1 
RI,ceR:':':: 

('(.~- to <; 
Kp·E:'-' 
KP' 8t;;.~ 
Kf-< 8 
l\R-et' 
FlB- dt 
sy..'--~·~ 

::-;R - 9: 
~.;R ~1 ~ 

~~ R - .. .: 

y .. ,:,",,' 
yo.':. .< 
::F<.- 'j-" 

??- 9' ,,? '." 

CORIW (B':!) 

2. 024E+ 16 
2.423E"'16 
3.317E+16 
1.206E+18 
2.193E+18 
:::.960E ... 18 
1.856£+15 
3.6-:-3E+18 
2.SQ9E+1: 
4 ..... ~lE+18 
4. 984E+ H:. 
2.183E+17 
4.482E+1B 
5.004E+18 
~_690E+IB 

S.899E+1t'. 
6.0-::3E+HI 
5.581E-18 
L.436E+IB 
:'.554E"'18 
4.8- .... E~::.8 
3.2"4£"'18 
l,3:~~E·18 

2.C9E-1P 
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kIll " ~.'! ~,"~' \ . t 

k t}·"'( +: 1 ~.~'./ \ 
kl', \ 'f,' I '~':I .' 
kl)(', 'I<; ,\.,' 
kP''', Ih I :--.~::' " 
RI.'t \'1:",. i "':V·! 0( i 
fU'C,~)i~! ~'"\'l' '.: 
R[)('(lK 1 ~;VC j I 

H]" .. ·.'!' ~ :;';"~ '. 
f~r"\'k 1 ~;'/(·.'t· 
RLII-"'~ 'H 1 ~;'//'.' . 
Rr,,'l.)I' I :-"'~JC' j t', 
R[l( 'UR ] ~;.:c' <' , 
HI '(~()bI I :;.rl) 4: 
l<IY~, ·k I ~;'W't~Jji 1 
R[li'( P [';';lj4. 

R[)(,OR! ~;';04 3 
R["~()R 1 \~JC 44 
R['CC'R I :,~C'4' 

R[IC'..'P: :,""J4 '. 
Rl'C\)R I iN04 H 
R[)(~QP I ~,:04 co 
Rr.c0P I :f.' 0 r,~, 
RL)C()F< 1 \'V ()::'1 
Rl'C'UF< 1 /'>;V0"~' 
R~'-( 'P r N"lIJ C, , 

RIl('(iP I N'F· 'J4 
RDC()R I !'."J(:' o,~, 
RIi('OR n:' ... ·J~,f 
RDC'OF< : ~"JO"! ': 
RIlC' 0 P 1 :-""J V:' H 
RDCOF< IN"JO',y 
RDCOP I N":r. f) 0 

.' . i ~ : 
: L ! . 
! 1· . :--~ 

1 
'1 r ·t~~ 

'it: 1 ~.~ 
H: l~;-

lq 
J i I. 

I 1 j , 

1 - 1 :~4 

;-,~r 1"'1.'" 
XI-: l~' 

I.':: 1.i4 
c~;' 1 'f 
e:' L'-
£lA· 1'9 
BA 14 (! 
LA ,14,,' 
L,\ ·141 
lJ.,14~ 

CEo 141 
C'E- 14 ::I 
0>144 
f'f.> 14 .~ 
S[l- 14' 
~r'- 2< 9 
F"- :: • F 
Pl' .::' ':i 
F',' 24 () 
Pl' - :: .. 1 
A."~- :241 
C'P.-242 
(';.~ :44 

1. "f ~t> 1 ~ 
..: . '. '-q.:. l' 
4.CllW·!f 
1.i'(~L-l'" 
2 . t) ,4 F.' :-

4, ':14 4F> : ~ 
".41·:F-l~ 

~'.: ~")E'" l~ 
,l'2E·lk 

- , ~ ') .~. E - : t< 
,. . --~): t: - 1 F­

.1f.~:r:-:e 
~."C [-It' 
:,.~'\~tr::·:~ 

1 . :. {, 1 t, - l '. 

t.612E-:b 
t •. ~- nt:- 1 p. 

f . t :':, E - l e 
fJ .145E-it 
:-.~:2E·lt 

5.922E"1~ 
~,-t,'£-!8 

:i. 841E- l ~ 
').b43E-1~ 

:':".~22F·l~ 
-~ .. :~ 16 E" ~ ,~ 
::) .. .2 .. ~t F.. l ~. 

l..:;::o,E-l~ 

1.C·e:,E-:;· 
2, t::/.E> 1 -
::.'fC<E-l4 
-.f;{--E-lb 
4.1-'-E-1', 

S"AI.1NG FACl'OP T(' AD .. H.'S ~ THE ..... ,-..p ..... _ ~ _.. t I ~;'".:::~:! .. 
.. REArTOR pw.;? :-''"I\r. , 0 

J. 

" TYPE fI 

" POWER LE"IE:'. (~H) 34:2 3 : "~ 3 8 .~ • 
SCALH;C Fl-,,'TGP 1." 1 " " ., 

- . , . 
" 
R['CC'RSCAC'O 1 e.':I20 PEA-:-:H £, :. = :- .>:.~ 

p.; 

~ ..:: 
"-- F'r 

3 F-
~: ~. .. -
I" ~t L . - -

.. PAPT1C'LE SIZE !"15TP1Bt'11~'; ('F F::Af"H ""r::il~: ';fi ,rF' 
YO\' Ml'ST SPECIFY A CGl..lX'. ~-F r,Ar;" frp f:A-i'1 ."'f' 1m .. 

RDPSl'ISTOOl 
RDPSDlSTOO • .' 
RIII'SDI STnO.i 
R[JP S[ll STC li 4 
RDF'Srl I STO(, ':> 
RDPS('! ST()Of', 
RIlPS[llSTOO' 
RDPSP IS:rO~)r 
RDPS:' I,Sr004 

.. 
1 . 
1 
1 

... , ~ t- o . - ; 
-.; 0 

. .. " ... ""iI"9 • -
- ' .. • 

: A" : : . 

......................................................................... ••• .. ""·· .... •• ... ••• ••••• 0 ...... .,. 

.............................................................................................. 
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LrAN, 'Ek::lliI4 [ ,I, : ~ ~ i : I , LL:r ;c~~ , 1 ,9 . t 
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LCANCERS{I,)', . 'J HYP,: 1 r ~ 'THYkC ll,H' 1 1 .'1' 4 
LCANC FI<5(\( It. 'C I u'wr:r· : .1 1 3'J . "l:. 
LCA~JCr:R:~(ll ' (f[H r:P . LOt,.,'F.I-i 1.1 1 3'1 I :·L 
*U'A:-JCERS'\(' H ' ;: 1\ ' ~. , , . \ 'SJ..::~; , 1 I 
* LCAN('I·~R~n,.J" UJ'j\ I'~ 1':1--' FT': hI. B( ,~;E' 0.012 0.4 l . Cr. 
·U'MKEkS,' ~ ,; , ()THP L":TI 'FrIAl. C';'\i I- U.012 ('.4 , . :'!-
*LC'ANCERSOll ' [l()I':U:A;,'! ' l,( .'!';AI"'~': I 0, ~ \ 

, 
( , 

• LCM;CERS:.' ! .. 'i: L!~';KI ; , c ''':';IJ)~~ , 1 0 
• U'AN('ERSi .. II ~ 'A!'Jf-:f 'j': " Ii 'Y' ',;( I~AIj:~ . 1 1 i 

• LCA~(.Tf{S:' i 4 ' TRri~SL.("'('':, J 'G:"":";A!)'s I 1 O. 
• LCA;,;q:R!:l~ , C . ' '~ r N--r . G .. ;~~All:-·1 . 1 O. , l' . : U I, 

* LCMlCERS', 1 t, 'PR[,C LC'S~', . G\. ':~Ai"S I 1 O. 4 ( .'1 " .', 

NOTE: 'IHYROlPH LIFF:1 I~~ ['uSE C'm:VERS10N FACTORS ARE l·SEr' T(' C~.CT.ATL 
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'·F 4 

1 . 'l-
" .,' r: , 
.. :'f -
=. r·F 
L. H: 
f.. f: 

, ,:F 

1 4F 
4 .4 r: 
-.. ' f . .; 
• ,','E ' 
: .4E .: 
; 'r: . 

THYROID '~J\r-.:CF:RS, WllE\ THESE DOSE FACTORS WERE '-:AIC!..'U,n:r,. I~HAL;TI'~ 

g:n H;L;!-:;;TlC'~; nOSE f..V:T,jF<S FOR IODINE ISOTOPES '..vE!. F RE!ll.TE:L SY .\ 
FACTOI' OF THREE 1C: Ac~on;T FOR THE REDLTCED EFFf:-T:':E~;ES~ ;.)1- nOSE FR~.'~-: 

100lINF ISOTOPES. 0.74 ~ (17 ~ 9)/(1 7 ... 9 + 9; ANr, C',2t' = 1,(' - ~.-4. 

GOS1\r:~ UOSE FACTOE-< ~ (TESTES DOSE FACTOR .. OVAl": !:~ r':.'SE FhC'iOR;::. 
SKIN ('A~;(,EP I~ A~:sr-:-1F:I\ T(" BE LINEAR (SEE NUREC "f-' 4::':'; PAi:t~ II-l:~·,. 

GD1ETlC EFFEr."IS AFE INTEGRATE[I O\T.t-, ALL FL~'RI': ,~£:\r:f.hTI('~~~ (~Tr: 

HAfiVAHI' REf-'(-R'; FOP FRACTIONS IN EACH GENERATE',,;) . 
•••• 111 ••• ,.. .... "' ••••• * ............................ *.* ...................... ,., ................ . 
• RESl'l T 1 uPT r')~;s BI ;',('1\, LC)AUE[, BY INOt'Tl, STCRE[' I:-': - , ..... 
• TOTAL NlW.BER UF A GIVE'; FFFtFT (LATE~.:T CA~CER, EAP.LY ~·t:A:;i. ::AP:'Y 1:;TP't) 
• 
· Nt 1",BER OF f'ES IPE[. fi ES ~.11. T S CF THIS TYPE 
... 
TYPEI Nt~nF.F 3 ' 
... 
TYPEIOU1001 'EF<L FAT TOTAl 1 2f. ~ , . . , ... ~. : ~.r:.s . 
TYPEIOL'TOO:; 'EHL : ~) /PRODRO:-'.Al, 'l~~IT ' 1 26 
TYPEIOUTOQ, 'ERl. : ~-'/T'IARRHr.A' 1 :2fl 
TYPEIOUTOO4 'ERI. I I\.T lp 1-: E'. ~CN IT 1 S ' 1 2f. 
TYPEI0l:TOO:, 'ER!. IS,l.THYRC·I['ITIS' 1 !tl 
TYPEIOUTOO6 'F:PL I~,T :'HYPOTHYROIDI S~· 1 2f. 
TYPEIOUTOO7 'ERI. ISJ/SKIN ERYTHEHA' 1 2f 
TYPEIOUTOOB ' F.RI. I S.J /TRANSEP I DF:R!'1AL ' 1 26 
TYPEI0UTOO':l ' rA;, FAT 'TOTAl. 1 2f. 
TYPEIOUTOIO 'eA': FAT/!J'NG' 1 26 
TI' PEI0t'1011 'rA~ FAI THYR,){ p' 1 2t 
TYPEIOUTC1~ '("A" FA'r 'BRF..A5T' 1 2t:. 
TI'PEI Ol!TO I 3 'CAr--.; FAT "~I' 1 2f, 
TI'PEIOl;TU14 I 'At~ FATUTKFYIA' 1 2t 
TI'PEIOPTOJ " ' (,A~; 1-X1 'B(j~~F:' 1 2t' 
TYPE 1 OCTO I t, ' (:A~ FAT/OTHE!-1' 1 ;?(. 

TYPEIOl.'TCl ",' 'AN I !\~T 'TOT';'1 2t, 
TYPEl OllTO 1 H 'ERI. FA1,TOTAl. 19 V: i L,' 
TI'PEI0UTU19 ' ERr. I Kl 'PRO[lPO!-'.Ai VOM1T' I') 

TYPEIOUT020 ' EkI. I ~. 1 ,'. 'p I AiHH!LA ' 1 19 
TYPE10l'T021 'ERi 1 1\, ~ ·PSI.';t.~!i!SITJ S' 1 19 
TYPE! m'T02:' ' EP; 1 ~: IHYR0rnl!I~' 1 1 '} 
TYPEl OUT (!:: ~ , ERI ' . T 

HYPCTHYI<QIr'IS~ , J q ! .'" 

TYPEIO:'lC':·1 ' ERr I :--:,1 SK! :.; F:pYnIE .... ~A ' l' • 
TYPEl,Y'T(,' , t:Pl ! :~~ 1 TRA~"SEt'l[\EP.:--~.:. ' ly 
TY PEl 0\ 'j-l ~'t> ' "t\~: F/I T lJJAl 1 " 
TYPE1(~1'Tl),: . , ERI. r;"1,1i'10'\1 ' , , . 
TYPE: 1 ('I. '1,'':' f' ' n,: r '" T IP' 'l)FU)~.Al ':t) .. ~: T' 1. 
TYPEIC :'1":->'1 . FR: 1 ~ 1 : 1.,WfiHU" ' 1. 
T'l' r r 1 ( ,1"! ' , ~, . ' J-'Pl 1 ,,-"'f 

~ ... ~ T'';F''~'''': n'] :', . 1. 
1Y1'f:; (!'; , ' 1- [, r ! \, .. : HYf-

., J - , ' .. • j.' , . 
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11 I'~,. It' 1,/-'; 1 " : II n'l) r H'il<.\ll ,1 ('''v.' 1 •• )1. . 
IYI!- , ,I \ FI·I I'. ~~}\ 1 ~~ I-'frJ THl·::·:i\ ' I 
J d'!·l, .; . j \11 nl 1 ~ . 'j !-i,\~;:;rT I! '!.:f.'~·/d .1 
1 'J'IF: ,f'" , 

~ , , ·r·,~: ~ ,Yl n. ,TlIl 1 .. 
......... ,. •••• jI. ................... III11 •••• ,. ...................... •• •••• •• ••••••••••••• 11 •• 

• HF:Yj'\ ~. ,'I'"]";~~ HU,('K, Lorr'E]> hY 1~;"'·T .. ~~HjRE!' n; 1';"1' 
• Fl.'I·:HF::~ll,j~·IM~i·r. liT WIIWH i·, (;I','E'; f-il:i\ '.~'F U,.PIY [lEi':!! 1: ~:\Tt:r'F: 

.. " ..................... ,.. ............ ,.. ........ " ......... " ................................. "' ..... . 
• H:<:"L,', or'TF~;;: f--i:.\,r'l\, LC'Ar!FT! I<'!' l~'C·1'1:<r STORU' l:~ :V:-,:': < 

• :<t'Y,!Wf-i (.1- I'EI)I'LL ;..[!-i,;;.:;r NTTE l)('S[ Te, A GI'1E!; ORl;AS 1-:\ T~T:~ !, ,~I·.T~; THH:";i-:~':_:;. 

T'd 1:: J:~,n C'lJ.1 
TYPE j:)I'TC'(j~: 

'FEr' Y.hPF-:· 1 '-, 

" ••• ". __ ................................ 111: ......... ,. .............. 1t •.••• ,.. .... " ......................... "' ........ . 

• RE~~TT! 4 ''.JP1H'N~: E,LC:"·l\. ,",",DEI' BY P;CIQ I4 .c.rcpF.:' ~~. T."":.; 
]((1 H':<:;RFF: lIVEr<-A':-;E RISK OF A Gr.:r:'; EFFECT AT A GIVf~, : :5Tj,,': T 

• P0SSIBlr: TYPES "F EFrEelS ARE: 

· EPI. Fl\TT'-,';1.l.· 
· ERL 1 N.J.' I ~";,Jr;R'i r:A.'·~F· 

· CAS FAT/CM~':-Er t,! ...... :r:' 
'CAr-: FAT/TOT;~L' 

• Nt :rv~BER OF DES I P FT F< F',I'L'!'S !.'f Til I S TYt't: 

TYPE4 ~;t1"..BER " 

f<AI;! ,;..r 1,;CEX TYPE or EFFECT 
* 
TYPE40UTOOl 'ERL FAT'TC'T,\L . 
TYPE4 1)UTCiO ~' 'ERL tAT . Te'TAL ' 
TYF'Eil O\.:TOC; 3 'ERL FA1 'TO'YAl. 
TYPE40lJTOO4 4 'ERL FAT/TC'TAl. 

, 

TYPEilOl'TOl):, 'ERL FAT, TOT.:"'L 
11'.,.. .......... ,. .. ,. ........... " _ ......................................................................... . 

* 

• Nr .... ~BE:k OF DESfPF:r' Rr:~ll,TS 0F THIS TYt'F .. 

TYl-'F l,""l'TOC:'l 'EI-i~~\~1{', ·'Y' 
TIT!:;, (( '1(":'~: 'Ff 'F',".'1<T.', ' 
'!'ITF'-"};T~I: < • F:r.·il'c,',·' 

lll'l~: . 

1:' ~.':: ,F~< . 
14 

" 
...... ,. ...... ~ ........ " ....................... ,. ........... 1I .............. ............. w •• w .............. . 

::.l )H.i' r', ::.';. 
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-TYI-'Et:ii'j " 1 
"1 'J.·t' Et"r)t 'T:. 1 

- TYf'Et' :)['] l'U 3 

\,~H(,I '~~L~~,~! 1 ~~F 
.' f· .... .('l··:'L ! I\.'·~E l'\)i' I ',.'{,ll:'; ~ r ~, 

"1.; n:T! ~:r. fins f-:" i:-'Y; r·~i-,!, I ' 
"NTH, l>,,:~r. r:'.oiT,'!\:J;;l' 1-1', ,~.: l'd':~)I'~'PF:;S: :'.h;,:,,'·::' 
"::1-')·;':1;-':1-' !I(':-~L ·,\~:~·::':~~:~;I I-f·'<,;·: RESL:SP::::" ::.ii;·..: ..... ,:; 
"Ai,'I';T ;i(':-~E f-:UI'IVP..I!-.:;]" Ik·~·: ,',Ll ~'ATH· .... ;,,·> 
"!.!Fr:'T]:--:j-: D('~',t: ('C\~~"':;;:-T::j' H',_'~: t\;] t·A:lr .... ;·.,·· 

. R U' ;'j', f. R . 
I 1) '~~I~:; , 

'L"] ;',"1" 

. T\'~T ;"/'~" 

. TUT L.a' 

1 

.... 

**.,. ... ,."iIII~ .. *·" .. iII..**,._ .. lI "'"" ... * ................. " ..... * ............. ".II! .... ,. ..... ,. ................. " ....... . 
• RYSI'J.T 

.. 

·TYPE·ionOCl 
* TYPE'; OL'TOO 2 

11 :~ ! ~~ 

1 .~ 

. CM~ FAT TOTAL ' 
........ -,: ................... **" .... ."" ....... ".-." ................ .",.." ......... "111'.,. .... ,. ...... ,..,. ............ ,. ........ .. 

• RESL'LT f:j OP1H':;S BLUCK, :'G.~;:'t:r, BY l;;:"'lr:, SL~f-,EL H~ . ::;-.'::::: 
• 

" 

TIPE8~lt~BER 2 

TYPEBOL'T,l(,l 
TYPE81)l'T:;(j: 

. UL FA1, 1'_'T1\: 
'('.r.:; FJ..TT(j1AL 
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.. LEGUHES ASD SEEDS, A!'JI"I ROOTS A!'m TUBERS WHERE RADIOA 'r:':.n IS CO!'\Sl"Y.ED 
.. ONLY IF TRAKSLOCATE[J TO EDIBLE PORTIONS OF THE PLA!"l. THIS EC'l'A7I,)~ IS 
- REDL'CED TO A TRA~SLOCATIO~; TRANSFER FACTOR BY SETTn~; C'TCCEF2 Te. ~EPJ • 
.. CTHlu.F2 TO O:-<E SECOND, MoT> CTHALFl TO ABOUT ONE MIU.: '}!I: YEARS (lEn 
- SECO~DS). WHE~~ l'SED TO MODEL TRANSLOCATION, THE VAl·'F. OF THE TRA~SLOCAiIO~ 
.. TRANSFER FACTOR IS DE"T~GPED FROIl1 FALLOL'T DATA A."D i:- !';f'~: A-::' THE VAlXE 
.. OF CTCOEF 1 . 

- TWO Tn-rr: PER!:")DS APE L'SEr.:: FOR WEATHERING. THE FIRST :;:; let :-;.,y:: :..,~.~;,.:; (1. 21£6 
- SECO~DS) A;-';[' THE SECO~;l' IS SG DA.YS LC~G {4.32Et~ SEc.:.~.:;::-: .. 
.. D1RECT DEPOSITlm; TP.A~SfEi\ COEFFICIEras [(BO TRA~SFnr::. ,f,. rnO::::TErl)] 
- BY CHRC';';C I ~;GESTIO~'; MODEL !"UCLIDE 

.. 
TEP~"': 1 

CHCTr:j£FJ. fo 1 
C HCTC()EF l C;~' 
CHCT('OEF: C .~ 
CHC'T(-')EF: ~'4 
CHCTC"f.F ! {)', 
CW~Tr:m.~! :, t 
- TEPY. 

~,t '(""1. I [IE 
SP'/:l9 
c; .. 
• I' y~ 

I ' " .' .l '" 
';:, 1 , 

~ '1 . .. , 

CH,'T:'()E} ,'.; :~f' r' 

PAS~l'PF. .. 
STOREl' 
FORACE GRJd:-<S 

r'.2 t'. C1 
0.: ('.Ol 
C' • '. , 0.0S 
(I. 2 0.0<' 
(" .. ~ G.0 
n.: C. -

A-2~ 

GREE!" 
LEAFY 
VEG 

0.:24 
'J, ::'4 
C;. ::'4 
l'. ~'4 
(l~':4 

( . :' Ii 

, niH 
r " .. ~ 

U:;: 'Y.f:S ROO! S 
,;\~. A.~;D 

s::r:s n;SEFS 
. -,'. OC·06 

_ . :'., D OV~'f 

.-
'- . 
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II 

! t .' 

! : 

j: . , 

. 
'1 

: f. I, 

:'1 

1 l. 
l' , 

,'J'I\' !"Htd ! l' : F Ij') 

(.'HI"] ill,,; 1 jl,.: :,1. q 

('11, "fHi\l I· : I' < \ ". I H 
r:fIt"J fjj\l i· j ~.'4 '.' 1 l ' 

i' IW 1 H 1,1 f 1,1' 1 ' 1 
(,HCTl!r\~ f- lOt. ! 1 -' , 

'I t:h,:-:. 
CHCTHAlJ.'(lj ~;R b't 
CH' 'THl,ll' .:: ,.,~) ~;k" . 
nV:'rHAU'::~ i r'S 1.'4 
f"lk"IHfd .I-:li4 (.~ 13. 
CIWTHAU=u', 1·131 
Cfl"I'HAl.F:''-It '! 13, 

I 

I t 

t 
, i 

t 

" 
,. 

T'rl-', 
L ~ ... ', HY 

t,:: :,1 :1< I: 
1 .: 1 J·:t 
1 .' I r:t. 
j .. lU, 
i .. LE'I 
1 .: 1 !-:t 
1 :: 1 Fl 

4 32Ef. 
4 l2E6 
4. 32[(, 

4 32Et, 
4 ~2E6 
4 j ::'1:6 

1,1 1I " 1" 
(, 

,I (,I, L 
" ., ',:, ll. ,,1 

II, \) , II U 
('. f) l II. r', 

, 'lil"'~~" 1 ;".; r.~~ 1 

~~ 1 ( H:I' 
hi!,!'.,;\-: ~jHj\! '~~ 
1 21 U. IL l " 
1 ::: jEt, H:13 
1 21 Et. ll::1 l " 
1 21H lEl , 
1 .;lE(- 1 .U 
1 21 Ell 1 .0 

4 3 :E(, 1 0 
4 3:Et', 1 .0 
4 32E6 1 .0 
4 32[6 1.0 
4 32Ef· 1 .0 
4 32£6 1 .0 

, I't, \,1. 

l\ . Ut, 

:1 . ;~ 1 t ' 

( . \It 
II {)t, 

I (I~; Mi j[It:: ,., ,., 
J ~ : 

, 
" 

(;kI':E~; : !i 1· f-. , !·I~~.·:~~;-,~ f-. I L 
LEAFY J. 

" 
; "', : / ..... 

VEe I" '1; . J ']-1 . . I'ff-- -
) 21 Ef 1 

.. I', 11-:1 , ] r! i , 
1 21f:6 .: ! r:t lr:! 1 IL , 

1 21Ef ~' 11-) t.; , iF ) " 

1 21U II:, a:l . 1 t_ i ~ 

1 21Et 
, 

I t:t 1 :"1 

1 2lEt :: 1 fl ; ,I 1 

4 32Ef 4 'I :~ t.t, 1 (, I i 

4 32Et -1 1~Tt . . ~.; 1 \\ 

4 32E! 4 <F:t .. l' 1 \..1 

4 ! 21::1 4 i ~.Et 1 'I . , 
4 32Et .. < :lEt 1 (I 

, i\ 

4 3~Et -1 . ~ f:t ' ' 1 n . 
• 11"·"'·· ••• ,,·· ...... •• ...... "III:·1'1 ....... • ..... 1II.1II"*.,. .. 111"~,...·111 ......... • ... ,.. .... ,..~ ............ "I: • .,. ..... .. 

• IF :'1 SHE DAT ..... nu: IS EiEING CSED (AS SPECIFIED or: ':'HE E..'\h: ': !'SER !:\Pl'T FI,--E) , 
• Tm:~; i~ATA f'kO!>l THE S:H: FILE (A1\D 1\(11 THE DATA BE: .h' 1:--: \'se r·'_·F;·m: 
• ~Al'TLATH)N OF [JOSES N·:D COSTS FROM THE AGRICULTl'Pl-. ~I-':::::'" A~~r, "HE: :--;t':·:.REI<'S 
• BEUlW ARE E;NOHEi'. 

" IF A SITE DATA FILE J:~ ~\OT BEING l'SED, THE D/ITA Bi:'.'.',..; 1'<-: t'S!::: J'. n:-: STFX:. 

" FA~"'1LAt~I:O SHARE VALUES (FRC1FL} BY SITE AN[' (~R:)f' CATF'~~:JFY 

SI1!: GG LS PB 5['.-· St·? ZIO!\ 

" PASTl~RE O. iC 0.47 C.38 O. (9 (), 4 1 0.45 

" STORED FURAGE': 0.0:' 0.10 0.13 O. (lOt: (J. 1 :'\ O. 11 
• GRAI~S 0.18 0.26 0.23 0.16 0.21 0.26 

Gf< r, LEAFY VEGETAHLE.S 0.0005 0.0003 0.002 O.OOC: 0.00:: 0.0004 
OTHER FOCtD CROP.c: 0.004 0.001 0.004 0.00::' O. c: 04 o. on 

• LEGUMES At,D SEE[lS 0.13 0.13 0.16 0.1') 0.1 S O. 1 ~ 

ROOTS [l..:-\u TUfiERS 0.0008 0 002 0.004 O.oel O.0C:i o.or:.: 
• 
• GROWING 
• SEASO!'J (DAYS) FAR."'.l..A;';L) 

CFlCit' NA:--~E START END SHfi.J;JE 

" NA.~CPP TGSBEG TGSEND FRCTF I 
CHCRPEG:-WO i ' ~'ASTCRE 90. 270. 0.3e 
CHCRPRG!\OO2 'STORED FORAGE 

, 
150. 240. 0.13 

CHCRPRGNOO:1 'GRAINS t 150. 240. 0.::5 
CHCRPRGNOO4 'GRN LEAFY VEGETABLES' lS0. 240. 0.0("": 
CHCRPRG:"OO5 'OTHER FOOD CROPS . 150. 240. 0.0(;4 
CHCRPRGtWOt> ' LEG1.Y..ES A:m SEEDS 150. 240. 0.1 t, 
CHCRPRGNOC .: 'ROOTS AND TCBERS t 150. 240. O. ('04 
•••• ~ •• w •• ~ •••• w •••••••• ~ •••• * •• *.~ ••••••••••• * •••• ~ ••• ~ •••••••••••••• ~ ••••••• ~T 
* PROTECTIVE ACTI();-'; Gl'IDES FOR THE DIRECT DEPO.3ITIC':--'; PATH~A'i T~ 
• ~-!l LK A~~D ITS PR"[lr.'CTS A~[1 TO OTHER CROPS AND THE~ P PP('[ll'CTS 
• BY FU,D rNC;E~~Tl(Jt; ~Ol)EI !\l'CLIDE (PERMISSIBLE Sl'Rt';~F 
• Cm:r:E:-;TRJ"T J 0:~ l~; BECI,)l'ERELS PER SOl'ARE METER) 

• I'Ef{~JS:;lfjU: Si'f<Fl,rF: (,O!\CE~;TRATlO:-~S WERE DERIVED f,y 1~,·.'E1<:1 r:.;,::; 
• THE; F':>C.L F-1·,lHWr'~t' ;--:rIJf:~. THf:RF:BY H/,KH/.:; THE DOSE T(, A~; .-f.";;,:: ThE 
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I
, 
I 

,:,1 I : I 
• \ ~"\ 1'1, ! 

" 
.'\ • . !L' 

Hi '\ ,'.~, 

Hi /\ ~ ~.' 

,'HI " 
I 'rd",'\ :>. ,', 
, 'h i i,,:~" i 

\ 'til' t'\\.;>~\ ': I 

., 

....... 1· I ,.\ ~ \' ~ 

: I ~. : , I : ! 

1'1 '" I 

'F '\'" 
\ "\I! I.' 'I 

I' i,', 

: "\" : I : 
,I, ~" 

!J 

'.' I'" 
, ; 

! 

I 

, \ I '. : I,' 1\' ~ I" ':. II11 1,1 1 I 
,I- ',I I " : I, ,.\ I I' I ~ j, \"'1 ),1 ' !\ t .\ , 

' I, II /Ii , 1 I. l'lld : ,I I 
), II :d, I, : 11'1 I, : t, 1\:, I ' I"IY I ,I 

,\, '\l"\I'rl!I('I:,~". I'I':I",~ \1 

~' ,: I ~ .. \ ,,! ' 
f'h 1,1 " 

\' ~",~ i ~; 
II" ", 

-1 "I: ,1 
H 
II}:' 

('1: ' 
I . .:10'",. 

),1\'," 'lilli' 'II, 10',1 i'!," 

, 1 1 if,ll i I,' ,\'. 
.I\! ,I I"" 1,1',' I : 

I";, ,III 
, 1""1 

'"H'('·1 
'j .1'. /:1' 4 

1I :1.1 , 

'I , .. V114, 

1 , (l~;" (I I, Cd , 'I I : I," ' 
" • ! 

•• " ................. "." .................................... * ... "' ••• " .••••. _ .••••••••••. 

• n",I"i,"T ,\,':1,\ (;111'1:: I·,'F ll'ti,', TEI't-'. T1<.t\N~;n~H 'I" I'j\\"', ,'\; i, 
• Ff.'<,r·' i,," i ,',\1 (IIIWI, " 11 1'['l,l\I'\I: IhCIr-~ SllfH'AC(-; ('Or,; 1/\1>;11,,\ i I',', 
• l,y ,'HI" \' jl;,;I::II,:t.,; ~: i'I:1 ~1\'Lllll" (1'!·:Rl'llSSIHJ.Io; ~:I:Hl"!\ll 

• COI\, 'F'; I i,A: I \ ,~; r:~ IWI.II :l';~ FL~, r' 1:1, ~;I.,,)l 'AH E METI';!") ANI) 'Ill 1: iI .. ",' I ;', I I:! 
• A:,:,i.! "I<!! 1'1' ~, l'l,I!' f"I- lHL t~I'I'Ll[)t-: [N TrW !~("ll 

('HI?" ~: L," 
,'Hf'!I<;r 'I~;' I.'. 
C'H)A~;l.l ~~i \1 ( 

CHI'At;LT:-:! ',4 
CHl'Al;L. L, JI' 
C'HPAGLTS' ~(,t. 

~~ I! 'I I;: !,' 

r'~/ .... ~ II; r 
:~l' ~, I 

~;H lj(' 

1111 
I' 

) i 1 
1 ,~ ~ 

r'l'i{~I!;~;l HU: 
::I'HAcT 

,', ,~;,'[~T~!,'11(1:; 

t ~ (. f'<\l'.\ I,: 
~,: < 1-: " , 
<1, rll-:' I , 
I ,lEU' 
1 , ;':l-:U', 
.' . 11'); 
I , I.JL 1,' 

At-;NI ~AI 
!.II::I 'LET I ('i, 

I.:A'II·: 

(,)1'(01(,'1 
4,<1 
I ~ . ('I t 
('I ~ ) {~ 

<,~ , U 
:'4U,U ................................. " ......................... ,... .......................... ",..,., .......... ,,, .... . 

• Nl'MBEf.: (W RESL1,TS OF rHI~ TYPE THAT ARE BEING REQUES'ITl' 
* FOR F:ACH RE;SL'I,l Ye'l I REOl 'E:';;1', THE CODE 'wILL PROIl1)CF~ A :,'1-:1 UF L: 
* 
TYPE9NlJ.'..BER 

TYPE9()t:TUO 1 
TYFt::9QllTOCl : 

(11f' TO 10 ALLOWED) 

, EDEWBGl'Y , 
, Et"F'WBC'[!Y , 

INNER 

1 
1 

Ol.'TER 

~~6 
19 

(O-IOu' ~ILt::Si 
(0 so :",II..E~~) 

................. ,. ............ .,.. .. "' .... ,... .... 111 .. .,.. •• .,..*** ............ **** ... .,.. ........ ,. ..... " •••• ~ •• ____ .,.,.. ... . 
• ECO~O~-:J(: CUS1 RESl'LT;;o 1N A REG10N BROKEN DOWN BY 12 TYPES ij!' C(':~l: 

• NUMBEP OF' RESl:l1S (IF' THIS TYPE THAT ARE BEING REQUESTI::l, 
• FOR EACH Hf:.:SI1,.1 YOU f.:EI.!1 'EST, THE CODE WIll. PRODl WI:: A ;:ET ()F 1/ 

T1' f' 1 O~Jl 'M!,f'I~ ') 

TYI' 1 (:')1 ' r ; ,!' : 

TY['}(l, 'll,f' " 

(tT '1\' 1 (I AI LOWED) 

(0 1 0 (I (; M II .E~: ) 
(() ')0 Ml LE:; ) 

f ~ f • ~ 
•• 1/"1 ... · I· i , ' , ',: 

-- . ii' . j ;.' r 1 '. \', i... \,' f ... : . l' f'; ! ; .,~'I1,':! fT,' 
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'I',\! 1 ~" 1 1 ..................................................................................... " 

• 
• NI'Ml~~:1' ell- HF:~\!I T~ \)~ THIS TYI'{' 'rIIA'!' A~I': !lElNI; IH:(.ll1F: II: 
• H:'f< E!,,('H fH;!"!'! T YOI' REQI'ES1. TH~: ('OIlF W1Ll. I'r')1'1'('r; /', 'l-) I' 

TYI'J.'S\ 1-:lH::J.( 
, ( l '\' TU III ALl ,OWf~I I ) .' 

• 
INSEH OL'TEH 

1'1'1' l..:(,\ 'lilt) I 1 .!b ( (J 1000 MILES) 
T'tT l ,'( 1\' 100,) 1 19 ( () , t) II M 1 I.r:~, ) 
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!'oIt'\CC; l)Usr ~\)t'-.'VERS. J~ F 1 I.E : Mlll.l Sr..:I~ • ~.? 0 l' NCo\' 8 B 0 

SM~ll! t\ t'-.t\! h\,\AI LJIlK HATl'H II::S J. :TOHN:~O~ 

ST(\~~A,:'H 

SMALl. 1 ~ 
Ll1NG~ 
REP MARk 
THYR,)!Il 
I,OWER L! 
BONE Sl'R 
BFU:A:;T 
TESTES 
OVAHII:":S 
EDF.Wnorw 
THYROHIH 

cu- ',H 
CO-6U 
KR-' 85 
KR8t;!'! 
KRe. 
KR ~Hi 

RB'Sb 
SR-8,) 
SR'YO 
5R-Yl 
5R-92 
Y-90 
'1'-91 
y- 92 
Y-93 
ZR·-9S 
ZR- 9-: 
NB-qS 
MO-99 
TC-99~ 
RU-FJ ".\ 
Rlj-10S 
RU-106 
RH--10S 
SB- 127 
S9-.1.29 
TE-127 
TE-127M 
TE-129 
TE-129M 
TE-1311'1 
TE-132 
1-131 
1-132 
1-133 
1-134 
1-135 
XE-133 
XE-135 
C5-134 
CS- 136 
CS-1r 
SA- 139 
BA-HO 
LA-HO 
LA-141 
LA-142 
G:-141 
CE.-143 
;:r: 144 

, , ~%'-;AS;' PH I N8D 1 N 'l'H IS F1 U:: 

(,(1 t~L'(·LW.E::S DEFINI::L' a: THIS FILE: 
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PR 1·1 j 

\[1 1.1 
Nf I :~ j 'I 

f'L~ .: ~t, 
1'1.' .' 1'1 

PI,' .'4, 
1'1,' • ,1 , 
A,."'\ :41 
('~ :':4~' 

C~~ /4·; 

co P, 

REP :-L,,\:\!-i 
THYRO II 1 

LOWER U 
Be;!:: S:'f! 
BHEASI 
TI::;:-;1L:; 
OVARIES 
t:DEWB'~:[lY 

TlrdWlc lH 
CO'L'O 
STOI-'A('H 
S.!-'.ALL 1:, 
LC~~GS 
RED r.L~RR 

THYROID 
LOWEF L1 
BO~~E St:r~ 
BREAST 
TESTE:'; 
OVARIES 
EDEWBODY 
THYROIDH 
KR 85 
STOr-tACH 
SMALL I~ 
LVN~S 

RED tJ.ARR 
THYROID 
LOWER L1 
BONE SUF 
BREAST 
TESTES 
OVARIES 
E!DEWBODY 
THYROIDH 
tiR 85:-: 
STOr-".ACH 
SMALL IN 
LUNGS 
RED MARR 
THYROID 
LOWER LJ 
am:E SUR 
SHLAST 
TESTES 
OVARI £:, 
EDE\·mot"\, 
THYRC LDH 
KR'P' 
ST'J~;;\' 'H 

(·:,!l'.:~HI~;L 1~1«'I;~JI Gf-iCl'~~lj GIWl:N[1 l~~H!,!.EL 

SHlt;r eHf. SHn;r: :Dr'\'! SHH;E RAn ACI,';r: 
lI'<H!ti.Eli 1::·,;ES1l(1~; 

CHRc:;rc 

i,'~'Cr:'l4 1.4"1£ il 4.0~;Ell: (',8B1E It,. ,.cy 8I:: 10 1.i'HE,Ue); 8')H>10 
, .. (':i[,14 1. !l1b!': 11 Lt')2EJO b.247E"16;.30 [-1U'.49',E-10 1110E-09 
L!:IO',·E :4 2,HH:ll 4.,~:'bf>l(l 7.4~2E-16 1,:),'1E C'9 1.6UIE oe 8,510[-ll 
j.H6'lI:: 14 ~,179E'll 4.430E-I0 7.579E-16 1. "<"E'10 lj.::2~E-I0 2,601E-I0 
4."1381-:-14 2 t.':IOE:-ll 5.469E--I0 9.354E-16-l,OUOE·OO I:L"04E-I0 6.308E-11 
~,4~bE~ 14 1 942£-11 3.948£-10 6.754E-16 4,144E-I0 I.Y89E-09 3.9t2E-09 
4,24YE 14 7.~89E·11 4.85 7 E-10 8.308E-16"1,000E·00 6.92bE·10 1.252£-10 
4,:,6t·E-14 :;,5-1E 11 5.228E-l(1 b.942E-16-1.0IJor·uo Q.367E-I0 1.'188[-10 
5.074£-14 2.845E-l1 5.784F-I0 9.894E-16-1,000E+00 1.060E-I0 l.bllE-10 
~.456E-14 1.942E-l1 3.948E-10 6.754E-16-1,OOOF.+QO 6.166E-I0 1.041E-09 
4.398E- 14 2.4S9E-11 5.000E-I0 B.553E-16-1 DOOE-CO 3.088E-09 8.206£-10 
4.:"BP.E-14 ::,t':!OE-11 5.469E-10 9.3')4E-16 t.142E'll e.;04E-I0 6.308E-11 

9.132E-14 4.602E-l1 9.655E-I0 1.598E-15 1.840E 10 2.726E-08 1,611E-09 
H.530E- 14 4.301E-11 9.022E-I0 1.494E-15 S.O-·F'IO 7.046E-OQ ],S91E-09 
Q.862£·14 4.986E-l1 1.046E-09 1.731E-15 ;.18bE 09 3.448£-0: 8. 7 68E-I0 
':I. 957E14 5.032E-l1 1.055[-09 :.74:E-15 '.986E-I0 1. ilRF-08 1.311E-09 
1.230[-13 6.219E-l1 1.305E-09 2.159E-15-1.000[000 1.615~-0e 7.843E-10 
9.069E-14 4.~75E-l1 9.59 7 E-I0 1.589E-15 2.3e6E'09 7.916E-09 1.113E-08 
1.056E-13 5.333E-l1 1.119E-09 I.B52E-15-1.COOE·OO 1.353E-08 9.415E-I0 
1.164£:.-13 5.8'72E·11 1.232E-09 2.039E-15-1.000r>00 1.843E-08 1.100E-09 
1.297[-13 6.548E-l1 1.373E-09 2.274E-15-1.0uOE~OO 1.697E-09 1.075E-09 
8.B79£14 4.484E-ll 9.406£-10 1.557E-15-1.000[·00 4.753E-09 ],le7E-09 
1.1:25E'I] 5.666E-l1 1.189E-09 1.968E-15-: .OOOE·OO 5.948E-OB 2,839E-09 
1.230E-13 6.219E-l1 1.305E-09 2.159[-15 1.46SE 10 1.615E-08 7.843E-I0 

7.674£ 17 O.OOOE+OO O.OOOE+OO O.OOOE+OO b.~S~F-14 7.007E-14 O.OOOE+OO 
6.8~lE-17 O.OOOE~OO O.OOOE+OO O.OOOE+OO L. 7BIF 14 :.00'E-14 O.OOOE~OO 
B. 340E-l~ O.OOOE~OO O.OOOE+OO O.OOOE+OO 4.6 7 2E 13 4.~08E-13 O.OOOE~OO 
8.562E'17 O.OOOE·OO O.OOOE+OO O.OOOE+OO b.B08E 14 7.007E-14 O.OOOE+OO 
1.037E-'16 O.OOOE+OO O.OOOE+OO 0.000E+00-1.000[·00 7.007E-14 O.OOOE+OO 
},484E-17 O.OOOE+OO O.OOOE+OO O.OOOE+OO b,781E-14 7.007E-14 O.OOOE+OO 
9.76~E-17 O.OOOE+OO O.OOOE+OO O.OOOE+OO- 1.000[+00 7.007E-14 O.OOOE+OO 
1,03~E-16 O.OOOE+OO O.OOOE~OO O.OOOE~OO 1.000r·00 7.007E-14 O.OOOE+OO 
1.123E-16 O.OOOE+OO O.OOOE+OO 0.000E+00-l.000E·00 7.007E-14 O.OOOE~OO 
".484E-17 O.OOOE+OO O.OOOE·OO O.OOOE+OO- ~.000[·OO 7.007E-14 O.OOOE+OO 
~.315E-16 O.OOOE+OO O.OOOE+OO O.OOOE+OO'I .OOU[·OO 1.180E-13 0.000£+00 
1,03~E-16 U.OOOE+OO O.OOOE~OO O.OOOE+OO ~.b89E 14 ~.007E-14 O.OOOE·OO 

S.232£-15 O.OOOE+OO o.ooor+oo O.OOOE·OO b,Q98E'14 6.101E-14 O.OOOE+OO 
4.5~bE-15 O.O~OE+OO O.OOOE+OO 0.000[·00 b.l01l-14 6.104E-14 O.OOOE+OO 
~.771E-15 O.OUOE+OO O.OOOE+OO O.OOOE+OO 4.804E-13 4.804E-13 O.OOOE+OO 
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· -:-03 .102 
· 6 :I~ .030 
. 962 .031 
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· U96 . 4 8;~ 
. 2Cd .129 
. "90 .144 
· '10 . S8'} 

· '.124 
· f. (l~: 
· "d 

i(' i 

i lit 
• :: 1.1 ( 

.04 e 
· 1 .~ " 
· ut) I.) 

· j 1 1 
.44 
· ~: I 1 

.OH4 

. (IF t. I.' 

',. liE h . i 

1: \ 
.}t. t . 

1" ' , 
.'~ 1 1 . 

1 t,,' 
l' { 

~. . " 

t, 1 ; . 
Hi. 

t, ~'f~' . 

2~l. 

Hl,~ . 
4 ~;9. 
662. 
95{, . 

1~14lj. 

658. 
516. 
403. 
322. 

61. 
318 . 

t. 3 . 
~\ IE:!. 

1399. 
S3 . 

~ 11. 
860. 
164. 
58l. 
204. 
)j6. 

8';:) . 
1 (i t 2 . 
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14". 

A-46 
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1 ~<.; . 
t I ~ .. 

4' '14 . 
" 1. 

4 ',Hi' 

.H ~'e. 
, {4 1 . 
1 H H') . 
1 ',t ,: . 
14UU. 
3.;e,~. 

3L'3. 
1204. 
It<H~ . 
3284. 
113 3. 
44ft) . 
2':>b j. 
218;. 
2111. 
2084. 
164'. 

563. 
1148. 

601. 
2UH:l. 
64r: . 

4713. 
1378. 
2658. 

948. 
2(;86. 
1 :.,oe. 
1203. 
2534. 
6438. 
1843. 

SI:3': . 
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t " 
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.", ~ 

i' 

n' 
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'~·:U'.'jf I. 
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B2J'~"') , 
S jC,(~CI. 
76(1r!ij . 
65UOC', 
~ J("IOO. 
840UU. 
P~OO('. 

lU2'Il)O. 
63(;00. 
<.J4l100. 
t>tWOO. 
t. 9('0 Cl . 
:fOOD. 
f, .~ \, (H) . 

,i Ii CIU . 
-- ~(I,:)ll 

H~' ; ( 'I, I:, ". . 

L"!." 
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• 
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'I 
! 

t 
I, 

i" 

I 
~ " 

'H, 
4 1 
42 
4 ~ 
H 
4 ';. 
41, 
4 .,' 

4B 
4':1 
'I(l , 

1 
r ') 
.J •• 

~)3 

54 ",. -' _.I 

<)(, 

5""7 
0) ~ 

:) ':.1 
[Nfl 

l'L .. ~;~. 
11-:.,\ 
{"I /,1 i 

'!I 
'/!\ 
10.)/\;: H 
W. Vl\ 
.oJ 1 ~ 
\'/1'( \ 
RHIT r', .1 
UCEI\~ 

SA~~K!\'1 

MAl; 1 I ()H1I 

ONTARIO 
QL'EBEC' 
NOVA SCi),l 
BA.JA CAL 
Sm;ORA 
(~H j Ht :AHI I f\ 

COld!!' I 1.11 

. ,I ' ~ , It •. l 
· H 1 t · ('1>4 

.) ). 
, ... ' I ) (,~ .-0, 

2 HI B'I 
~ f', " 1 '~H 
~ 1 ',4 

.24 t, · ':;:4 
· ',}'.' · ')91 
· ',t) 1 · U.!B 

l I 1 ''>4 
.001) .000 
· 6 r ),.. . 010 
.924 · U4 8 
· ~,~7 . 223 

310 .S8q 
.0)';1 .260 

3JO . 144 
• <, 16 104 
· :,'-10 .144 
.816 .Ob4 

lbli. } H' .(, , , 
Il, ,1 . 14 'J •. : ·1 
1)\. 1 ,t', I, , , 

I' 

t, .JH . 14 , 
Pl ::'C;/ " . .' l' 
4d, . 1 ':l4lJ i' , I),. I, 

1')0. 1;n. : , I ~ [ I.:(J. 

'/ 2 .~ . l"~d . , :\( 

43, 38(l. 'i' l' 

4 :' 6 . 194P. I 

O. O. I} 

61 o,t ~ . t.i}: ~ • I 

164. 44B, , I" 
'" , I ~ i • 

SIb . 2111 . t,I, 

711. 1378. t (,I 1(" :' . 

662. 1] 33. ". I. ',CI'. 

1022 . 4.~ 94. ' , , I ::.JI' 

]l0. 682. ·\1-

~<~ 4'13. : ( . '(> 
164. 14 9~·. ;""j 

OAGI0000919 00205 



MACCS SITE DATA FILE FOR SEQUOYAH (JLS, 11/10/B8 ) 
SEC POP POP DISTRIBUTION FROM. 1980 CENSUS DATA ALTERED USING NRC o· 10 Ml DATA 

26 SPATIAL INTERVALS 
16 WIND DIRECTIONS 

7 CROP CATEGORIES 
4 WATER PATHWAY ISOTOPES 
2 WATERSHEDS 

59 Er JNOMIC REGIONS 
SPATIAL DISTANCES 

0.16 0.59 1. 21 1. 61 2.20 3.22 4.02 4.83 
5.63 8.05 11.n 16.09 20.':+2 2:>.75 3=~.19 40.23 

4~.28 64.37 80.47 112.65 160.93 241.14 321.87 563. 27 
804.67 1609.34 

POPULATION 
O. O. 1. 2. 3. 9. I") , . 23. 

27. 108. 94. 205. 1723. 2650. 2143. ~1l5 . 
O. 3480. 11182. 17930. 28763. ll',U19. 418;;23. ')029591. 

4226619. 4488368. 
O. O. o. o. o. () . 20. 2(;. 

3l. 123 . 113. 247. 139. O. ',7')R. 1568. 
2201. 7260. 7325. 32422. 30166. 1f'.Jfl.4 ',' . 1 ')'1147 . 1H9064 3. 

635~716. 4462':91. 
O. O. O. O. o. O. 10. n. 

15. 62. 100. 219. 1268. 0, 84 ='. 1 ~)4 5. 
4148. 81S8. 13530. 64005. 402619. 1! L881. ::64818. 131':697. 

4212858. 16777882. 
O. O. 2. 2. 4. 12. 2l. 29. 

34. 139. 13'7. 303. 1791. 84. 2410. 1760. 
3279. 25166. 146[3. 20036. 90922. 1 tot· ')00. 4:: :' CH:ll . 1708-:18. 

276196~' . 33429318. 
O. O. 4. 3. 6. 1 "' , . 19, 26. 

3l. 12~) . H',). 241. 8099. 4324. 486') . 3044. 
1631. 4373, 5£.94. 10190. 40504. 3' '/ '-) i 9, C'9JU. TOf,447. 

1836035. 61B6C!. 
O. O. 10. 8. IS, 42. 30. 39. 

46. 18:1. 284. 616. 14472. 1 -; -:.-' 5. 2090. O. 
2584. U42. 11514. 18499. 39805. 264?o.J4. 24 b('('('. 16110Q9. 

158953. 0. 
O. O. 2B. 21. 43. lOB. 19. 20. 

31. 124. 221. 479. 1696. H91. -H.J~'] . 5'73 . 
2284, I'; 81 . 5016, 12098. 124573. 247313. 116".61. 926B95. 

2050B. (J, 

O. () . 10. B. 15. 42. 30. 39. 
46. 185. 317. 683. 4433. 1428. 1116. 4812. 

8921. 356-:'::. 8113. 1B140. 440744. 150')]63. 332123. 724766. 
1B49557. 70S!:l200. 

O. 0. 13. 11. 21. 5~ .. 34. 42. 
51. 201. 350. 750. 3423. 13Q02. 1 ':i93. 10103. 

5243. 2V~5n. 979B. 83659. 74015. 1:9P{i. 445749. 7/.~824 . 
88247. O. 

O. O. 10. 8. 15. 42. 24. 33. 
38. lS5. 1388. 2964 . 18490. 16715. 4 -:".;57. 20708. 

13611. 14501. 10374. 25951. 87033. 21Q844. 165903. BI7257. 
727568. C. 

O. o. o. O. O. O. 20. 26. 
31. 123 . 1)35. 2207. ll021. 12B71. "'BI91. 25162. 

5ll9. 100(,:<. 8404. 43649. 85136. 33(,31:\. 716'198. 539129. 
2939755. 26219:)9. 

O. O. 6. 6. 10. 2f'.. 18 7 . 229. 
270. 10£4. 1598. 3402. 25316. 8121. 431l. 241. 

2740. 13M1 . Q228. 7319. 198972. ..." (, 
L' . <'4 3~: . E,)'18. 13"715. 

929605. 110:)6";4'1. 
D. [l . 6. 6. 10. 2P. 63, 78. 

93. :H,f, . 9~: e. 1979. o. '~'. f ,'. 
\! 41 Q2. 

'202. :,4 .~, H . t·', '_l t:l , 4:"2'9. 45(' '). lC t J.1 toU. 1 ',h t, () r~ 4 . 
11443(Ji l , 4tq(!.-)t,~ , 

A-48 

h, 
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O. 
148. 

1146. 
9~)2n ':<. 

o. 

O. 
':182. 

6102. 
4')772tD. 

o. 
9G. j')~. 

4i8. 'In. 
32Q9211. 5~12747. 

O. O. 
38. 154. 

1963. 3087. 
8653033. 9372618. 

LAND fRACTTON 

4. 
1':> 9tJ . 
19n. 

9. 
1437. 

10997. 

13. 
317 . 

4143. 

] . 
3404. 

27190. 

8. 
3063. 

347td. 

11. 
681. 

4?4 83. 

b. 
O. 

10965::1 . 

15. 
170. 

56460. 

21. 
165. 

42869. 

1 'I , . 
148. 

:i'~24B.!. 

38. 
54Y. 

O. 
162004. 

100. 
1389. 

1O~J699 . 

61. 
80b. 

255B65. 

25. 
IH'8. 

191306. 

124. 
2780. 

775542. 

76. 
1180. 

9BB566. 

33. 
1298. 

1389826. 

1.001.00 0.750.900.600.351.00 0.4':1 0.30 0.80 0.9(; 0.9:. 0.9" 1.0CJ 1.001.00 
1.00 1.00 1.00 1.00 0.95 1.00 1.00 1.00 0.80 0.50 
1.00 0.50 0.40 0.00 0.00 0.40 0.75 0.75 0.95 0.50 O.~U r.5~ O.tG 0.50 0.70 O.BO 
1.00 O.~S 0.90 1.00 1.00 1.00 1.00 1 00 0.95 0.70 
1.00 0.20 0.10 0.00 0.00 0.40 0.90 1.00 1.00 1.00 1.011 1.00 0.9', 0.50 1.00 1.00 
0.9~ 1.00 1.00 0.9~ 0.95 1.00 1.00 1.00 1.00 0.55 
1.00 O.~O 0.00 0.00 0.10 0.90 1.00 1.00 1.00 1.00 l.u(, 1.UU 1.0J 0.80 0.70 1.00 
1.00 1.00 1.uO 1.00 1.00 1.00 1.00 1.00 0.95 0.00 
l.00 1.00 0.00 0.00 0.60 1.00 1.00 1.00 1.00 1.00 I.ClL: l.ii: 1. [V' 1.0C 1.00 1.00 
1.0n 1.00 1.00 G.95 1.00 1.00 1.00 1.00 0.40 0.00 
LOu 1.00 0.00 0.00 0.951.001.001.00 1.00 1.00 I.lJi' 1.(', l.U" 1.0l' 1.0(1 1.00 
0.90 1.00 1.00 0.9~ 0.95 1.00 0.95 0.90 0.00 0.00 
1.0(; 1.00 0.00 0.10 1.00 1.00 1.00 1.00 1.00 1.00 1..,' l.l'l' 1.(1l! l.ec LOG 1.00 
1.0U 1.00 :.00 1.00 1.00 1.00 1.00 0.95 0.50 0.15 
1.001.00 0.00 0.0l' 1.001.00 1.00 1.00 1.00 1.00 o.q'· 1.(1,) l.uu 1.001.00 Lor 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.80 0.10 
1.00 (J. 50 CI. 00 O. [II) 1. 00 1.00 1.00 1.00 1.00 
1. a a 1. (l0 1. () 0 O.!j{l 1. 00 1. 00 O. 9 5 O. B:: o. 00 
1.00 0.50 0.30 0.00 o.~o O.BO 1.00 1.00 1.00 
1.00 1.00 :.00 1.00 1.00 0.95 1.00 1.00 0.75 

0.70 1 :': 
0.00 
o.eo OJ', 
0.00 

i .OC' 1. 00 1. 00 

I.e: l.Ul 1 .00 1. ;)(J 

1.00 0.90 0.80 0.4~J 0.0(1 0.20 0.55 0.]0 0.20 0.2~, O.t, '. ".1 t;,b', L'.90 G.9:. 1.00 
1.00 1.00 1.00 o.g~ 0.90 0.90 1.0C 1.00 1.00 0.20 
1.001.00 O.lS O.7~) 0.250.45 G.'):> 0.90 0.80 0.45 o.~\ l.~\L l.OC, ~.O(: O.'j') 0.9'-. 
0.900.951.001.0(' 1.0C 0.951.00 1.00 1.001.00 
1.00 1.00 n. ';0 1.0(; 1.00 1.00 1.00 1.00 1.00 1.00 1.~,~. 1.(1,. :.(.(1 1.00 l.oe. 1.00 
1.001.00 1.000.8(' 1.001.000.9°) 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 I.G~ l.ue 1.00 1.00 1.00 1.0r 
1.00 1.00 1.00 1.00 1.00 1.00 0.75 1.00 1.00 1.00 
1.00 1 00 1.00 1.0U 1.00 1.00 1.00 1 00 1.00 1.00 1.~(' 1.O~ 1.PO 1.00 1.00 1.00 
1.00 1.00 1.00 0.95 0.95 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.60 0.50 O. tll 1. lV 1.00 1. OC: 1.00 1.00 
1.00 1.00 1.00 1.00 0.9~ 1.00 1.00 1.00 0.75 0.50 
REC :ON INDEX 

40404040404 U4 04 04 04040404040404040404040401515333 3 20 
40404040404040404040404~4040404040404040401515153310 
40404040404040404040404U4040404040404040404040464436 
40404040404040404040404040404040404040404031313131S0 
4040404040404040404040404040404040404031313838383150 
404040404040404040404040404040404040 9 9 9 9 9385050 
40404040404040404040404040404040 9 9 9 9 9 9 9 9 8 8 
4040404040404040404040404040 9 9 9 9 9 9 9 9 9 9 8 B 
4040404040404040404040404040 9 9 9 9 9 9 1 1 1 15050 
4040404040404040404040404040 9 9 q 9 9 1 1 1 1 11650 
40404040404040404040404040404040 9 9 1 1 1 1 1221641 
40404040404(J404040404040404040404040 1 1 1 12222 341 
4040404040404040404040404040404040404040404040 3 334 
4040404040404040404040404040404040404040404040232314 
404040404041l40404()404040404040404040404040401 :,11111'~ 
404040404 04114 U 4 04 0·1 :)4040404040404 tJ4 04 04 04 0 1 ~'1 '.12114 " 
i-lATFH~';flEn J~:)EX 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 • ! 1 1 ! J 

1 
1 

1 ] 1 
1 1 1 
1 1 1 

1 
1 
1 

1 1 1 1 
1 1 1 
1 1 1 

A-49 
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1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
1 1. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CROP SEASON AND SHARE 

1 PASTURE 90. 270. 0.69 
.... STORED FORAGE 150. 240 . 0.006 .:. 

3 GRAINS 150. 240. 0.16 
4 GRN LEAFY VEGETABLES 150. 240. 0.0007 
5 OTHER FOOD CROPS 150. 240. 0.005 
6 LEGUMES ANL SEEDS 150. 240. 0.15 
"7 ROOTS AND TUBERS 150. 240. 0.001 

WATERSHED DEFINITION INITIAL AND ANNUAL WASHOFF AS!.' I~GESTIO~ FACTORS 
1 SR-89 5.0E-6 0.0 
2 SR90 5.0E-6 0.0 
3 C5-134 5.0E-6 0.0 
4 CS"137 5.0E-6 0.0 

RU;rONAL ECONOMIC DATA 
1 ALA ,354 . 040 459 . 1824. 62C,0( . 
2 ARIZ .516 .104 110. 682. "74-:CJ, 
3 ARK .483 . 041 466. 2049 . 61 GJ. 
4 CALIF . 330 . 144 102::! . 4394 . 93':'O\.· , 
~. 

.) COLO .522 .048 211. 9'1. 8:;CCQ, 
6 CONN . 160 . 294 1605 . 4980. lC-~'OC . 
7 DEL .534 . 042 1,23 . 3428. 82,'0'.. , 
B FLA .375 . 080 832 . 334l. 8('.)[,' . 
9 GA .363 . 060 613 . 1885. :J,GG. 

10 IDAHO .279 . 144 343. 15(,2. bl ~,j)S . 
11 ILL . 806 . 044 709 . 391.; . et : c " 
12 IND .713 . 0 7 9 611. 3283 . ~ 2 -,Ol', 
13 IOWA . 938 . 060 695 . 3133. "13-."<)8 .. 
14 KANS .917 . 035 281. 1204 . B1'IC,C, 
15 KY .571 .112 482. 1838. 61,IOl , 
16 LA .354 . 074 459 . 3284. 61,':'0":: . 
17 MAINE .079 . 260 662 . 1133. 7CC'O~, 
1S MD .429 .216 956. 4489. 931)uJ, 
, .J MASS .136 . 249 1349 . 2563. 9700" . 
_G MICH .313 . 247 6:'13 . 21SI'. S I'JUl'. 
21 MINN .597 . 223 516 . 2111. 8.2;"'0 .. , 
22 MISS .4:0 .054 403. 2084. 530U-:. 
23 MO .703 .102 322. 1647. 7~,:IGC 4 

24 MONT .6':;7 .030 61. 563, t'),;0;" , 
25 NEBR .962 . 031 318 . 1148. 7S()OC. 
26 NEV .127 . 139 63 . 601. 8400(,. 
27 N.H. .096 . 482 518 . 2018. S";000. 
28 N.J. .203 . 129 1399 . 6477. 102000. 
29 N.MEX .590 .144 53. 473. 6300(;, 
30 N.Y. .310 .589 711. 1378. 94';00. 
31 N.C. .352 . 065 860 . 2658. 6th\Qel , 

32 N.DAK .924 .048 164. 948. 64':'0\ , 
33 OHIO .602 .175 581. 2686. 7tJ ':c.' " 
34 OKL!>. .751 . 060 204 . ... 50S. t~, r' " 
3~ OREG .292 . 111 236 . 1203. ': -( ,-i( 

36 PA .303 . 447 8:,5 . 2534. -,~., : 
3 '1 R.1. .108 . 213 106:' . 6438. S,) '" 
3? S.C. . 290 . 084 4 -::' . IB4 3 . t : 
39 S.DA;: . 915 . OQ1 14~ . ~8: . t, 
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40 TENN .509 .153 360 . 1850. 66000. 
41 TEX .816 . 064 164 . 1492. 74000. 
42 UTAH .:i!25 . 259 123 . 1286. 60000. 
43 VT .:i!86 . 789 628. 1472. 73000 . 
44 VA .382 . 198 371. 2075. 84000 . 
45 WASH .377 . 154 476. 1948. 82000 . 
46 W.VA .246 . 224 150. 1728. 58000 . 
47 WIS .517 . 591 723. 175l. 76000 . 
48 WYO .561 . 028 43 . 380. 70000. 
49 BRIT COL .377 . 154 476. 1948. 60000 . 
50 OCEAN .000 . 000 O. O. O . 
51 SASKAT .657 . 030 6l. 563. 60000. 
52 MANITOBA .924 .048 164 . 948. 60000. 
S3 ONTARIO .597 . 223 516. 2111. 60000. 
54 QUEBEC .310 .589 711. 1378. 60000 . 
55 NOVA SCOT .079 . 260 662. 1133. 60000. 
56 BAJA CAL .330 .144 1022. 4394. 10000. 
57 SONORA .516 .104 110. 682. 10000. 
58 CHIHUAHUA .590 .144 53. 473. 10000. 
59 COAHUILA .816 .064 Hi4. 1492. 10000. 

END 

OAGI0000919_00209 



MAces S 1 'l'E OM'A FILE FOR PEACH BOT'l'OM (JLS, 11/10/88 ) 
SEC POP POP DISTRIBUTION FROM 1980 CENSUS DATA ALTEREr) [ISING NRC 0·10 MI DATA 

26 SPATIAL INTERVALS 
HI WIND DIRECTIONS 

'7 CROP CATEGORIES 
4 WATER PATHWAY ISOTOPES 
I. WATERSHEDS 

59 ECONOMIC REGIONS 
SPATIAL DISTANCES 

0.40 0.82 1. 21 1. 61 2.43 3.22 4.02 4.83 
5.63 B.05 11.27 16.09 20.92 25.75 32.19 40.23 

48.28 64.37 80.47 112.65 160.93 241.14 321.87 563.27 
804.67 1609.34 

POPULATION 
O. O. o. o. o. O. 20. 26. 

3l. 122. 406. 867. 2212. 555-. 68185. 42610. 
Jf) 74b. 25232. 43251. 88038. 210634. 215849. 54-385. 1124293. 
25330. O. 

O. O. 1. 1. 3. 7. 19. 26. 
30. 123. 455. 977. 5385. 18"0. 4336. 12012. 

11~OO . 29877 . 18874:. 79915. 174604. 4 :'\0:-'-':2. 162914. 1349066. 
3938:19. O. 

O. O. 1. 2. 4. e. 24. 32. 
37. 151. 413. 889. 1602. 1', . =-

L. .... , _) • . ~::: 3 ~ . 105 .... 3 . 
144 '>0. 22521. 91474. 220858. 495439. ] f' . l: 8 L 1 . 1H~~49r). 5663616. 

1201"746. 326019. 
O. O. O. 1. 2. 4. 31. 39. 

48. 18-:'. 325. 700. 2912. I-Ie. 32[: .. 3038. 
26164. 90241. 164108. 2425058. 987201. 1C:f.:' c. J·J4 . 3591".'~-. 410"'688. 
3 284 7. O. 

O. O. 6. 5. 14. 21 . 32. 41-
49. 195. 323. 698. 1871. 4:t.C:. ~:·o-: Qi80. 

37964 . 2414 23. 217733. 745625. 219373. '::tH :;2(. o. o. 
o. o. 
O. O. O. o. O. o. )' L. 39. 

46. 183. 354. 755. 4439. ·rr.- . 4f>9-'.. 113:2 .. 
40619. 35254. 18393. 113077 . 188361. 4~8r . :~, . O. 

o. o. 
o. o. o. o. o. O. 2~ . ~6. 

43. 169. 406. 870. 3309. 3109. ~ --f .. 1130. 
3899. 10750. 14771. 72422. 79583. 92<,j. O. O. 

o. o. 
o. O. 1- 2. 4. 8. 3-:. 46 . 

56. 219. 702. 1498. 1005. 401 Q. 24424. 5722. 
856. 8539. 9246. 26850. 83286. 11948£. illc· . O. 

O. o. 
o. O. 4. 4. 11. 1 - . 14. 20. 

23. 93. 1048. 2238. 4653. S~L'. QS2t .. 24 -:'36. 
5216 . 3830. 35:)6. 39680. 50491. -'HElf. 69~1~~':! . 908098. 

91529. O. 
O. O. 8. 6. 20. 28. It; . 23. 

27. 109. 476. 1024. 2497. 11148. 9no. 20245. 
77714. 765820. 262fl12. 524192. 713496. 142"25. -"3884. 1665003. 

1818021. 9939781. 
O. O. 5. 5. 13. 1': PI:! . 219. 

259. 1019. 510. 109O. 2522. 22~14 . -:890. 10533. 
48267. 370900. 1551bl. 804528. 1197119. 1 3 S <) Cj c~ . .'t.',S8-- . 2040215. 

3539979. 10361091. 
O. O. 4. 4. 11. 16 . .3~' . 39. 

46. 185. 317. 683. 1074. 242:1 1931. 3:< Ell. 
4610. 26679. 45421 . 93784. 130701. i~-~~.""; ~ (It .'('-\ 1:::C.6'i'i9. 

2351412. 10208089. 
O. O. 9. 7 2l. 4" 62. 

73. 291. 4" r :> • 1019. 3353. '.' : p. l) - "f .. 
4723. 449-,'5. ]':'%4. 691 B. 1-'306. 1 "I' I : ~J -1: "\~;.. . 

54':>2104. 1 ~054 ';6 J. 
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o. O. 
46. 183. 

I:H~)10. HOi'S. 
n81::'6. 19209774. 

o. O. 
40, 162. 

:n 3'11 . 4 7 9 B ') . 
349209. 682187. 

O. O. 
17 69. 

33274. 
O. 

LAN[' FMCT I ON 

6. 
322. 

21768. 

10. 
277. 

222390. 

6. 
344. 

82407. 

6. 
691. 

7 37B3. 

B. 
601. 

93214 . 

6. 
741. 

3B728. 

16. 
1940. 

45512. 

23. 
O. 

734BB. 

16. 
925. 

lS39SB. 

2 °' .. . 
1080. 

395828. 

34. 
1973. 

171388. 

22. 
3322. 

173734. 

31. 
6B4B. 

1156228. 

25. 
2991. 

178662. 

10. 
15194. 

178396. 

3B. 
31792. 

5822832. 

34. 
15791. 

59B201. 

14. 
358B1. 

2242777. 

0.00 0.00 0.00 0.00 0.00 
1.00 1.00 1.00 1.00 1.00 
0.00 0.00 0.00 0.00 0.00 
1.00 1.00 1.00 1.00 1.00 
0.00 0.00 0.00 0.05 1.00 
1.00 1.00 1.00 :.00 1.00 
0.00 0.00 0.00 0.40 1.00 
1.00 1.00 1.00 1.00 1.00 
0.00 0.00 0.00 0.20 O.BO 
1.00 0.90 0.80 0.9G 0.95 
~.OO 0.00 0.00 0.00 0.00 
0.90 0.75 0.40 O.BO 0.15 
0.00 0.00 0.00 0.00 0.00 
O.~O 1.00 1.CO 0.70 1.00 
1.00 1.00 1.00 1.00 1.00 
0.25 0.95 I.UO 1.00 0.60 
].00 1.00 1.00 1.00 1.00 
0.40 0.25 0.15 0.20 0.65 
1.0',; 1.001.00 l.oe 1.00 
0.9~ 0.80 0.75 D.9S 1.00 
1.00 1.00 1.00 1.00 1.00 
0.80 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 
0.30 1.0e 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 
1.0J 1.00 1.00 1.00 1.00 
1.0U 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 l.oe 1.00 
1.00 I.De 1.00 l.or 1.00 
0.95 0.95 1.CO 1.00 1.00 
0.00 0.00 0.00 0.00 0.00 
1.00 1.00 1.00 1.00 1.00 
REGION INIJEX 

0.00 
1. 00 
0.80 
1. 00 
1. 00 
0.75 
1.00 
0.15 
1. 00 
0.00 
0.25 
0.00 
0.00 
0.45 
1. 00 
0.20 
1. 00 
O.BO 
1. 00 
1. 00 
1. 00 
1.00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1. 00 
1.00 
0.00 
1. 00 

0.05 
1. 00 
1. 00 
1. 00 
1.00 
0.65 
1. 00 
0.00 
1. 00 
0.00 
0.60 
0.00 
0.00 
0.00 
1. 00 
0.10 
1. 00 
O.BO 
1. 00 
1. 00 
1.00 
1.00 
1.00 
1.00 
1. 00 
1.00 
1. 00 
1. 00 
1. 00 
1.00 
0.00 
0.95 

1. 00 
1. 00 
1.00 
1.00 
1. 00 
0.45 
1. 00 
0.00 
1. 00 
0.00 
1. 00 
0.00 
0.25 
0.00 
1. 00 
0.20 
1. 00 
l. 00 
1.00 
1.00 
1. 00 
1. 00 
1.00 
1. 00 
1. 00 
0.90 
1.00 
0.50 
1. 00 
0.70 
0.25 
0.70 

1. 00 
1. 00 
1. 00 
0.95 
1.00 
0.00 
1. 00 
0.00 
1. 00 
0.00 
1. 00 
0.00 
0.75 
0.00 
1. 00 
0.00 
1. 00 
0.50 
1. 00 
1. 00 

1. 00 
1. 00 
1. 00 
0.70 
1. 00 
0.15 
1.00 
0.00 
1. 00 
0.00 

o.q~ 1.00 1.vO 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.CO 1.00 1.00 1.00 1.00 

1.00 1.00 0.80 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1 0(1 1.00 1.00 1.00 1.00 1.00 1. 00 
0.00 
1. 00 
0.00 
1. 00 
0.00 
1. 00 
0.10 
1. 00 
0.9~ 

0.95 0.95 0.90 0.90 0.75 0.50 

0.80 1.00 1.00 1.00 0.90 0.40 

1. OC 
1. 00 

1. 00 

1.CO 

:.00 

: . 00 

1.O() 

1.00 1.00 1.00 1.00 0.80 

1.0G 1.00 1.00 1.00 1.00 

1.0e 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 

1. 00 
1.00 
1.00 
1. 00 
1. 00 
0.95 
1.00 
0.60 
1. 00 
0.50 
0.25 
1.00 

1. OC 
1. 00 
1. OC 
0.90 
1.00 
0.50 
1.0C. 

1.00 1.00 1.00 1.00 1.00 1.00 

0.80 1.00 0.95 0.95 0.90 
0.9S 
0.4C 1.00 1.00 0.80 0.95 1.00 1.00 
0.9C' 

363636363636j63f36363£363636363636363636363030305454 
3636l636363t363636363t363636363636363636362B30271':1-
36363t363~361f363636363636363636363636362B2830 6505· 
3636~f363636j636361636363636363636363636282B5050505l 
3636163636363f36]636363636363636 7 72B282e50S050505~ 
36363f36363f161636361B181B1B1B1818 7282B28505050505~ 
36163636~tjb3b3636181818181b181B1818 7 7 71850505050 
36363~3b36J6]6361B18181B18181B181BIB181B 7 744445050 
3636~b36j6j6]b181B18181B18181B1BI81BI81B44~4443131 8 
363636363636163618181B1B1BIB1B18181B1818444444313B 9 
363tlf3636363636361BIB181BIB18181BIB181B4444444440 1 
3636][36363636363636181818181818181B181818464646152; 
36363~36~63636363636363636363636363636J636363633331: 
36]636363b363636363~~636363636363636363636363636204~' 
16.~ b <t, 3f ~t' .Hlf 16363(,363636 3f.36 36 36 36 36 36 36363630:" s .~ 
.~6 36' ~ ~f\\b l. H'.h ~I it, if 3636 3t. 36 36 36 36 36 36 3636 30J['<, F,·t 
W!ln:I'~;Hr:r' ; ·;[iF.X 
1 1 1 
1 I 
1 1 111 11. 

I 1 1 I 
1 1 
1 

111111 
1111111 
1 1 
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1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 .., 
2 .. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :2 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 '1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
CROP SEASON AND SHARE 

1 PASTURE 90. 270. 0.38 
2 STORED FORAGE 150. 240. 0.13 
3 GRAINS 150. 240. 0.23 
4 GRN LEAFY VEGETABLES 150. 240. 0.002 
5 OTHER FOOD CROPS 150. 240. 0.004 
6 LEGUMES AND SEEDS 150. 240. 0.16 
7 ROOTS AND TUBERS 150. 240. 0.004 

WATERSHED DEFINITION INITIAL AND ANNUAL WASHOFF k~D INGESTION FACTORS 
1 SR-89 5.0E-6 0.0 
2 SR-90 5.0E-6 0.0 
3 CS-134 5.0E-6 0.0 
4 CS-137 5.0E-6 0.0 

REGIONAL ECONOMIC DATA 
1 ALA .354 .040 459. 1824. 62000. 
2 ARIZ . 516 . 104 110. 682 . '4000 . 
3 ARK .483 .041 466. 2049. blOOD. 
4 CALIF .330 .144 1022. 4394. 93000. 
5 COLO .522 .048 211. 97l. B300[>. 
6 CONN .160 . 294 1605. 4980 . 107000. 
7 DEL .534 .042 1723. 3428. B2000 . 
8 FLA . 375 .O~O 832. 3341. 80000. 
9 GA .363 .060 613. 1885. 73000. 

10 IDAHO .279 .144 343. 1562. tl000. 
11 ILL .806 .044 709. 3900. 86000. 
12 INn .713 .079 611. 3283. 72000. 
13 IOWA .938 .060 695. 3133. ,,000. 
14 KANS .917 .035 281. 1204. BI000. 
15 KY .571 .112 4B2. 1838. 61000. 
16 LA .354 .074 459. 3284. 61000. 
17 MAINE .079 .260 662. 1133. 70000. 
IB MD .429 .216 956. 44B9. 93000. 
19 fo".ASS .136 · 249 1349. 2563. 97000. 
20 MICH .313 .247 658. 2187. BI000. 
21 MINN .597 .223 516. 2111. 82000. 
22 MISS .470 .054 403. 2084. 53000. 
23 MO .703 .102 322. 1M7. 76000. 
24 MONT .657 .030 61. 563. 65000. 
2<· NEBR .962 .031 HB. 114B. 75000. 
26 NEV .127 .139 63. 60l. 84000. 
27 N.H. .096 .482 518. 2018. 87000. 
28 N.J. .203 .129 1399. 6477. 102000. 
29 N.MEX .590 .144 53. 473. 63000. 
30 N.Y. .310 .589 711. 137B. 94000 . 
31 N.C. . 352 .Oti5 860. 2658. 68000. 
32 N.DAK .924 .048 164. 948. 69000. 
33 OHIO .602 .175 581. 2686. "6000. 
34 OKLA .751 .060 204. 150B. 67000. 
35 OREG .292 .111 236. 1203. 73000. 
36 PA . 30.~ .447 855. 2534. 78000. 
37 k. I. .10B • :2 1 3 1062. 6438. 8ll00LI. 
'i B S.C. .290 .~84 472. IB43. f . .'ODe', 
iq S.DAK .':11" · (''1 1 14~, . 5B-:" • l ',.ICJ:). 
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40 TENN .509 .153 361J. 1850. 66000. 
4l TEX .816 .064 164 . 1492. 74000. 
42 UTAH . 225 .259 123. 1286. 60000. 
43 VT .286 .789 628. 1472. 73000. 
44 VA .382 .198 37l. 2075. 84000 . 
45 WASH . 377 .154 476. 1948. 82000 . 
46 W.VA . 246 .224 150. 1728. 58000. 
47 WIS .517 . 591 723 . 175l. 76000 . 
48 WYO . 561 .028 43. 380 . 70000. 
49 BRIT COL . 377 .154 476. 1948. 60000 . 
50 OCEAN . 000 .000 o. O. O. 
51 SASKAT .657 .030 6l. 563. 60000. 
52 MANITOBA .924 .048 164. 948. 60000. 
53 ONTARIO .597 .223 516. 2111. 60000. 
'j4 QUEBEC .310 .589 71l. 1378. 60000 . 
55 NOVA SCOT . 079 .260 662. 1133. 60000. 
56 BAJA CAL .330 .144 1022. 4394. 10000 . 
57 SONORA . 516 .104 110. 682. 10000 . 
58 CHIHUAHUA . 590 .144 53. 473. 10000. 
59 COAHUILA .816 .064 164. 1492. 10000. 

END 
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MACCS SITE DATA FILE FOR GRAND Gtn..F (JLS, 11/10/88 ) 
SEC POP POP DISTRIBUTION FROM 1980 CENSUS DATA ALTERED USING NRC 0--10 MI DATA 

26 SPATIAL INTERVALS 
16 WINO DIRECTIONS 

7 CROP CATEGORIES .. WATER PATHWAY ISOTOPES 
2 WATERSHEDS 

59 ECON~IC REXiIONS 
SPATIAL DISTANCES 

0.40 0.70 1. 21 1. 61 2.31 ).22 4.02 4.83 
5.63 8.05 11.27 16.09 20.92 25,75 32.19 40.23 

48.28 64.37 80.47 112.65 160.93 241. 14 321.87 563.27 
804.67 1609.34 

POPULATION 
O. O. 4. 3. 7. lb. O. 1. 
2. 12. 30. 70. O. O. 67. 1304. 
O. 74. 743. 15484. 83209. 72162. 120923. 541090. 

3057152. 9822912. 
O. O. 1. 2. 3. 9. 1. 3. 
4. 17. 45. 105. 0, 4617. 0, 15004. 

21111. 2866. 604. 10875. 31683, 1]OU02. 1264B7. 1603453. 
15950)3. 24970756. 

O. O. O. O. O. O. 5. 6. 
B. 31. 95. 205. 713. O. 165B, 4373. 

757. 3527 , 3814 . 12032. 35282. 62~'~(). 1;5379. 1020222. 
224024B. 21211502. 

O. O. O. O. 1. 4. 11. 16. 
19. 79. 85. 190. O. 413. O. 853. 

2232. 33B7. 49094. 247241. 33956. 99"B3. 73501. 1699378. 
3829756. 18370B06. 

O. O. l. 2. 3. 9. 13. 18. 
22. B7. 6l. 139. 4C l. j " O. O. 

893. 5713 . 10673. 16982. 31249. 13385:2 . 755B9. 88B587. 
1460466. 1943140. 

O. O. l. O. 3. b. 5l. 65. 
77. 30" . 109. 24l. O. 75I. 63. O. 

11B5. 502B. 7940. 15118. 33308. 1308C, 390071 , 714008. 
368763. 802B641. 

O. O. l. D. 3. b. 201. 249. 
293. 1157. 1149. 2451. O. 8SI. O. 222. 
858. 1203. 21095. 19956. 49172 . 94'458. 2B44 3B. 656. 

O. 754387. 
O. O. o. O. 1. 4. 14. 20. 

23. 93. 170. 370. 20I. O. 14)0. O. 
13. 3396. 1567. 22369. 42828. 544166. 811964. 1l6~ -). 

O. O. 
O. O. l. 2. 3. 9. 6. 9. 

12. 48. 128. 282. O. O. 1492. 3370. 
O. 185B. 234l. 9365. 67097. 515206. 208032. O. 
O. o. 
O. o. O. O. l. 4. 3. 6. 
B. 33. 10l. 224. O. 92"7. O. 1091. 

65. 28282. 3770. 5243. 35077. 369254. 56437. O. 
O. O. 
O. O. 1. O. 2. 2. O. O. 
O. O. 79. 171. O. O. O. 1339. 
O. 23126. 3047. 4072. 412]4. 100210. 217276. 879780. 

399582. 639306. 
O. O. O. O. O. O. O. O. 
O. O. 63. 137. 1716. 46 S. O. 525. 

663. 1298. 2246. 16476. 123117. 79084. 75399. 2976832. 
20B194l. 28450~J. 

O. O. 0.- O. o. o. O. O. 
O. O. 2~. 55. 0, () . 117. 313. 
O. 594t"). 239' . 10B43. 2B92(I, 64 I .~', . 2~C712. 2130706. 

1744285. 18018.' _~ 
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o. O. 
2. 12. 
O. 46B9. 

1506956. 21627B5. 
O. O. 
o. O. 
O. 2793. 

1452393. 3444556. 
O. O. 
o. u. 

11703. 2097. 
989294. 5604039. 

lAND FRACTION 

O. 
22. 

14121. 

1. 
32. 

6767. 

7. 
24. 

2389. 

O. 
53. 

53864. 

2. 
6B. 

20193. 

5. 
51. 

12027. 

1. 
1473. 

93558. 

3. 
O. 

50650. 

H. 
D. 

17138. 

4. 
87. 

102537. 

4. 
O. 

73B72. 

24. 
O. 

62950. 

O. 
O. 

291271. 

O. 
107. 

97972. 

o. 
O. 

248012. 

1. 
855. 

781001. 

o. 
O. 

481302. 

D. 
515. 

811364. 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.85 0.90 0.90 0.95 0.95 0.95 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.95 0.95 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 0.90 0.95 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 0.95 
1.00 1.00 1.00 1.CO 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 0.20 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1 00 1.00 1.00 0.70 0.95 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 0.50 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 0.95 0.95 1.00 :.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.85 0.B5 0.95 1.00 1.00 1.00 0.60 
1.00 1.00 1.00 1.00 1.00 1.00 0.85 
1.00 1.00 1.00 0.95 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.C1 0.50 0.10 
1.00 1.00 ~.OO 1.00 1.0U 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 0.20 0.60 
1.00 1.00 1.00 1.00 0.95 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 0.70 0.30 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
1.00 1.00 1.00 1.00 1.00 1.00 O.RD 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 
REG I ON INDEX 

1. 00 0.90 
1.00 1.00 
1. 00 1.00 
1.00 1.00 
1. 00 1.00 
0.95 1.00 
1. 00 1.00 
1.00 1.00 
1. 00 1.00 
1.00 0.90 
1.00 1.00 
0.20 0.05 
1. 00 1. 00 
0.05 0.00 
1.00 1.00 
0.00 0.00 
1. 00 1.00 
0.00 0.00 
1. 00 1. 00 
0.75 0.00 
1.00 1.00 
0.50 0.30 
0.60 0.50 
1.00 1.00 
0.80 1. 00 
1. 00 1.00 
1.00 0.80 
1.00 1.00 
0.80 0.65 
1.00 0.95 
0.50 0.75 
1.00 1.00 

0.90 
0.75 
1.00 
0.85 
1.00 
1.00 
1.00 
0.55 
1.00 
0.20 
1.00 
0.40 
1.00 
0.00 
1.00 
0.00 
1.00 
0.00 
1.00 
0.10 
1.00 
0.B5 
0.70 
1.00 
1.00 
1.00 
0.70 
1.00 
0.90 
1.00 
0.60 
1.00 

1.00 0.90 0.80 1.00 1.00 0.90 

1.00 0.i5 1.00 1.00 0.90 0.90 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 1.00 1.00 1.0J 1.00 

1.00 1.00 1.00 1."0 1.00 1.00 

1.00 1.00 1.00 1.00 1.00 1.00 

1.00 1.00 0.65 0.60 O.EO 0.80 

C.75 0.85 0.70 0.90 1.00 1.00 

1.0e 1.00 0.80 1.00 1.00 1.00 

0.85 0.95 1.00 1.00 1.00 1.00 

0.95 0.90 0.85 1.00 1.00 1.00 

0.75 0.80 0.80 1.00 1.00 1.00 

;22222222222222222222162216161622222222222 3 3 32311 
:222222222222222222222222222222222222222222222401533 
2222222222222222222222222222222222222222222222 14044 
2~222222222222222222222222222222222222222222 1 1 938 
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2222222222222222222222222222222222222222222222 8 8 B 
2222222222222222222222222222222222222222221616165050 
2222222222222222222222222222222222222222161616505050 
2~22222222222222222222222222222222222222161616505050 
2222222222222222222222222222222222222222161616505059 
2222222222222222222222222222222216161616161616414159 
2222222222~22222222222221616161616161616161641414141 
2222222222221616161616161616161616161616161616414141 
2~222222222216161616161616161616161616161616 3343441 
222222222222222222161616161616161616161616 3 3 33414 
2222222222222222221616161616161616161616 3 3 3 32313 
W.~TERSHED INDEX 
11111111 
1111]111 
11111111 

111111111111111111 
11111111l11111111~ 
111]1.111111111111 
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II 

JI 
J. 
u 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2 

,'I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 ji 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 1 ,I 

)1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
I:~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 
] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
I 1 1 III 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ! 

CROP SEASON AND SHARE 
1 PASTURE 90. 270. 0.70 
2 STORED FORAGE 150. 240. 0.05 
3 GRAINS 150. 240. 0.18 
4 GRN LEAFY VEGETABLES 150. 240. 0.0005 
5 OTHER FOOD CROPS 150. 240. 0.004 
6 LEGUMES AND SEEDS 150. 240. 0.13 
7 ROOTS AND TUBERS 150. 240. 0.0008 

WATERSHED DEFINITION INITIAL AND ANNUAL WASHOFF AhTI INGESTION FACTORS 
1 SR-89 5.0E-6 0.0 
2 SR-90 5.0E-6 0.0 
3 CS-134 5.0E-6 0.0 
4 CS-137 5.0E-6 0.0 

REGIONAL ECONOMIC DATA 
1 ALA .354 . 040 459 . 1824. 62000. 
2 ARIZ .516 . 104 110 . 682. 74000. 
3 ARK .483 . 041 466 . :;049. 61000. 
4 CALIF .330 . 144 1022 . 4394. 93000. 
5 COLO .522 .048 211. 971. 83000. 
6 CONN .160 . 294 1605. 4980 . 107000. 
7 DEL .534 .042 1723. 3428. 82000. 
8 FLA .375 .08C 832. 3341_ 80000. 
9 GA .363 .060 613. 1885_ 73000. 

10 IDAHO .279 . 144 343 . 1562. 61000. 
11 ILL .806 . 044 709 . 3900. 86000. 
12 INn .713 .079 611. 3283. 72000. 
13 IOWA .938 .060 695 . 3133. 73000. 
14 KANS . 917 .035 281. 1204. 81000. 
15 KY .571 . 112 482 . 1838. 61000. 
16 LA .354 . 074 459 . 3284. 61000. 
17 MAINE .079 .260 662. 1133. 70000. 
18 MD .429 .216 956. 4489. 93000. 
19 MASS .136 . 249 1349 . 2563. 97000. 
20 MICH .313 .247 658. 2187. 81000. 
21 MINN .597 .223 516. 2111. 82000. 
22 MISS .470 .054 403. 2084. 53000. 
23 MO .703 .102 322. 1647. 76000. 
24 MONT .657 .030 61. 563. 65000. 
25 NEBR .962 .031 318. 1148. 75000. 
26 NEV .127 .139 63. 601. 84000. 
27 N.H. .096 . 482 51B . 2018_ 87000. 
28 N.J. .203 .129 1399. 6477. 102000. 
2<1 N.MEX .590 .144 53. 473. 63000. 
30 N.Y. .310 .589 711. 1378. 94000. 
31 N.C. .352 .065 860. 2658. 68000. 
32 N.DAK .924 .048 164. 948. 69000. 
33 OHIO .602 .175 581. 2686. 76000. 
34 OKLA .751 .060 204. 1508. 67000. 
35 OREG .292 .111 236. 1203. 73000. 
36 PA .303 . 447 855 . 2534_ 78000. 
37 R. 1. .108 .213 1062. 6438_ 80000. 
38 S. C. .290 .084 472. 1843_ 62000. 
39 S.DAK .91S .091 145. 587. 65000. 
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40 TENN .509 . 153 360. 1850 . 66000. 
41 TEX .816 . 064 164. 1492 . 74000. 
42 UTAH . 225 .259 123. 1286. 60000 . 
43 V'l' .286 . 789 628. 1472. 73000 . 
44 VA .382 .198 371. 2075. 84000. 
45 WASH .377 . 154 476. 1948. 82000 . 
46 W. VA . 246 . 224 150 . 1728. 58000 . 
47 WIS . 517 . 591 723 . 175l. 76000 . 
48 WYO .561 . 028 43. 380 . 70000. 
49 BRIT COL .377 . 154 476. 1948. 60000 . 
50 OCEAN .000 . 000 O. O . O. 
51 SASKAT .657 . 030 6l. 563. 60000 . 
52 MANITOBA . 924 .048 164. 948. 60000 . 
53 ONTARIO .597 . 223 516. 211l. 60000 . 
54 QUEBEC .310 . 589 711. 1378. 60000 . 
:j5 NOVA SCOT .079 . 260 662. 1133. 60000 . 
56 BAJA CAL .330 .144 1022. 4394. 10000. 
57 SONORA . 516 . 104 110. 682 . 10000 . 
58 CHIHUAHUA .590 . 144 53 . 473. 10000 . 
59 COAHUILA . 816 . 064 164. 1492. 10000 . 

END 
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