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BIGin.IGBTS 

Thia report il a uur' 1 aanual for NLSOIL (!tut t iph l,ayer :)!Ub 

•odel) and Df~OIL (~o•• faclvra for MLSOIL) an4 a docv.aeatatioa of the 

co11putational 11ethod1 u1ed in thoac two coaputer codea. lll..SOIL ca'.cu-

late• an effective arouod ,arface cooceotration tobe uaed in co■p11ta

tion• o{ eucroal dOHi, T.ua effective arouod 1urfacc coaceotratior, i1 

e~ual to (thc coi..putcd du.c: . in air fro11 Lhc cooce11truio11 in the roil 

layers) / (tbe doae {acto1 fcir c..oJL~utina dou in air frca a plai .o). 

ILSOIL 1111plc11eot1 a f'1ve co111,art11eot line1r-tr1ufer 11odel to calculate 

t1e cooccntratioo, of 1adiunu~l1de1 in thc 1oil followiog depo,ition on 

t 1e grouoC: i.1.irfacc froa. tt.e at111u1pl:.cr1.. Tb, c:.üdcl cot.1iucr1 leacl:ir.g 

t iro gh tbe 1oil as wel I u ra:Sioaclive i.tcay and builduv, Tbe 

~1emcnt - 1pecifi, tran~{er 1.ocfficient, u1ed in tbi• model are • function 

o" the kd and environmental p1r1aet:r1. DrSOIL ~•lcul1te1 tbe dose in 

air per Wlit con„cntration at 1 111 1.>ovc tbe ar, ,ur,~ tn,a, eacb of the five 

5-:)il layco urul in NLSOIL anu tbr iosc per unil u,n1.tnt1aliuD froe an 

1.1fin1tc pl1nc 1ource. NLSltJL ani Df~UIL hl\'i: brc1. "ritten tv bc s;art 

1 . de•11ncd for ar,H1u1cnt1 of tb? bcalth ef1c.:ti. 1.11 urb,,rne rcleases 

o : rad1onuclider.. 
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1 . lNTlOOUCTION 

Tbis rcpo rt ia • uur's ■anual fClr IQ.SOil (_!!ultirle J.:aycr jOIL 

■odcl) a n d DFSOIL (Qo 1e fa,tora f.Jt MLSOIL) 1Dd a docuaenlalion of t he 

co■pulational acthod1 used 1D t~o,e iwo c o■potcr code,. MLSOIL 

c n lcolatc1 au equivalent arou~d 1uzface C0Dcentralioa for co■putation of 

• ~ ternal do,e, IU iD& 1v11l1bl: e&lerual dou-ralc hctor, 

1980 ). Thi, effectnc aro·Jnd 111rfacc conccntration u e1tual to 

( 1. be co■puleu dou 10 air frUf.. tt.c :oncentr1t100 in thc ,oil layeu) / 

do1e - r1le factor for co■:,utina dou iD air froa • plane 

cr,ncentrat10L). K.Süll uae,, five co•1••rtll',ent line1r-tra1arcr 11ode l to 

c1 h. 1.late th t l:..· L1.c i:. trel10L1 p f rad : onud1 oJ c1 1:· thc s n 11 1d,\alt1n1 fr c.m 

d<po1il1on o n tht , ,~und 1urface. :Oe • ~dcl cc. J 11dcr1 leachini tbro~ah 

ttc soil • ~ .cJl a) r1d1 1,activ1 · dccay 1 1 ... Luild · "IJ • Thc tlc11c:,t · 

11eci!ic lra~stcr ~ucff1cicut, aaed iD tbi, ~c.~~1 1re • funct1on of tbc 

k., and envu<, Q,S,CDtal r•raactcr, . DfSOlL c11lcu l alc1 d o ,e - .ratc fal.lor, t.J 

dcter~iDt thc do,e iu air per unst r.oncenlrat i o n all~ Abuvc tbc 1ro~nd 

:-, om ca1. t, 1, f tbf' l1vr ~oll hyer• u1cd in IU.~11!1 ,. · tlt t d <' H 1,cr U"lil 

ccnccotration fro~ a surfacf" rlane ~ourcc . 

proviticd hy u.s. 

E1v1ro n11c1,tal l'r o t c LllUD A~• ncy (, :1',\ ), wt11ch, U{lOO a,1\4111int, JCf,UlltH y 

■ 11thor i ty ot nuclcar 1· rfl11cnt!; cove:ed \,y thr <.1c ■ n A,r Act of 1977, 

l , w ,cbcd an c ,tei. !- t'-'•· rc\· H• an,I rcvl ~ion o l m" dcl, tbat si■ulllt 

t11n1rc,rt 1.1 f 111tl1ou 1•c l Hlts. thruuat, -iovironmcu\1 l r ~tl,.,.• >· i, lCJ ~ .. n , 1nd 

r.d c ulale rcsultina hcallb 1111pact •• Tbc .rcsu l t ► "' \hc firlt pbuc o f 
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tc:port 1 · PIIEP 

H7 9) and DAltT 

DJMTAB bave providcd EPA witb an ~ateri■ ■ctbodoloay for pcrfor■ iD& 

ourlear a,H,1■cnt1 , wc.rk. ha'- coot:nucd af ORl\l. on an iotearatcd ut of 

co■puter codca and data baH, wl.ich urvea u a atate-of-the-urt 

rad10\oa1cal ciü ■ctbodolo&y, 

as baud on a rcv 1'-• ar,c ev-.luatioo of tbe AIRDOS-EPA/DA.i7AB 

,yuc111 . Ml.SOlL and DF!;O!L arc de,irncd to bc an iote~ral part uf thc 

CkUS. 

The rc l-. l I o n,h 1 p of "-LSOIL aod DF~ul 1. t o tt.c otbe r code, of the 

Ck.tl~ a •hC1w0 111 h& , 1.1. l1JUWUS (Ucnnaoo et al., io preu) a c ccu11 

a d1t1 bau: c,i drr11y data no.:l,cr, 19811) t o d1.t.:rm 1nc tbe rad1oooc:lidc 

de c ay cbaio1 rcqu1rcd for thc aour~e t~r& wh1cb will bc coa,idcred in 

trno~pC1 rt, dosc, and ri1k. calculatio~s by oLber codc, ~r tbe CRRIS . 

Rr:':'Al>l>- 11 tMurpb)· , Onr, anu Ucgovi::h. 19114 ) H • lvot · rangc traJcctor;-

at1ospDc:r1c J1~prr~1 0 0 ■odcl wbi :b rad1001;cl ad„ air 

rct1on1l "r ce,r.tincotal sc:alc . ANENOS 

ab,rt ,.-,r, gc (SIIOu) Gau,~1ar. plu.m• at■<>spbcr1 .: d1spcr,100 111udcl wha : b 

by Sll~U lilt a••'"lcll tl a) ., 10 pesr.l. Mllll lJ ir,ay al:. c bc: u.cd u11ply to 

1co11ctry tbat i, ■Ort H•DVCUiClll {or the .,~c,sitCDl. l 'Lk.iA (Uu, t t 

four ~attle fecd 

t 
.. i 
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cate1orie1, irrtaated IDd Doo-;rri11ted aoil,. beef. &Dd ■ ilk. n-UA 
u1e1 eit~er RETADl>-11, ANEMOS , or uaer-defiDed depoaition rate,. JIL~OIL 

r:ad1 dtpo!t1tion rate, froc kITAJ>D-11, ANEWOS, SUMIT, or n:ü.A. IILSOIL 

C3D citncr rcplace Tf.i.RA or accept ioput froa that aodel. 111.SOIL will 

1110:: r I C 1t, 6 round 1urfacc ~oocentrations with tbe other enviroueatal 

coaccntratio1 ,1 computul in Tl.üA, H rcqucsted. DFSOIL i1 run to 

compute tbe do,e-rate facturs needed for Ml..SOJL. ANDROS (Beaovich et 

1 . . , in preu,) receive~ env1rc,llll)eat1l r1d1onucl 1de cooceotration, froe 

1T.R.llA or MLSOIL ao1 cumb1De!> tbe~ with population esti ■ate,, fooJ aod 

a : r c o a, ua y t 1 o n rate !>. an d d,, ) e • D d r i s 1 f a c l o, !> t o ca l c u 1 a t e po r u 1 a t i o n 

ard avcrage 1od1v1dual dose~ Mnd r,sts from thc ~ource ter111 !,Upplied to 

Pa .INUS, A.-.iD.0!-., or kETADll-11. 

Jl(LSOll and DFSOII. wea wrstten to provide an alterL1ative to the 

nRRA ■ethndology for compuling dose fr0111 ,rvund ,urface esposu~e. 

Esticate1 uf esternal do1e from radionucl;de, deposited on the around 

11:rfacc are o'teo baHd on the auwnpt100 that tbc activ'.ty re1111i1u on 

tbe surface uot1l rcmoved by radicact· r dccay tl':.:--.RC, 1Y77J. ror 

r a d 1 o n u c 1 1 d c '° de p v , i l e d o D , o I l , l h i , a , , um p t 1 ..., o p r , · ,. 1 u l' • a t o D ~ c r v a t :· v e 

overestiaate of e.1tern11 d.:>H to e1:posed ir.Jn,1dual1 above arowid. 

pre u oce of 

~oil het•een tbr 1ourcc anJ rcc.:eptor lnc.:ation!- '-ill u~u -1 lly prc,· 1de a11cb 

act1v1t1es U!>Cu u, Tl:.IOUi 11~!,111.- e~ tk:at thi:1c 1i. 1,u ... ,,1.il11bul100 to tolal 

c:oncentrat 10n f.-oa rarl1ooucl 1dr" which bavr lea, hr•J bclo• thr \OJ1 l cm 

o! !to1l. Tt .. •reforc, tLe c1,crnal dose r.nm1,1111eJ frorr, the "ll.lUtA grNnd 
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the doac-ratc faclora fro■ DFSOJL, co■pulea an effectiv• aroud &IU'face 

conccntration that 111uae1 leachlnc th1ou1h the top 100 c■ of aoil. 

l1.SOIL and DFSOIL toaotber produce • concentration that can be uacd to 

compute a aore accurale ~o,c lL&D (oc~ TEKRA. 

Thia report docWDent, tbe ■od~l• u,ed in MLSOlL and DF~OlL and 

t~r rro1ra111 MLSOIL and thc coir.putational ■ctb~li, uud in it.. Sec t. 3 

d~rcribe, tbe u,er input t0 MLSOIL in dctail ~nd brictl7 di1cus1e1 tbc 

i~pul filc, nccded. Seel.• dc,cribe, tbe "1..~0lL output li1t1na and 

fi)e. Scct. 5 dc.!uibc1 thc program DFM1IL. The 1ppend1ce, includc 

L1tin1s of k...SOIL 11..11J Dfl>uH., as w:11 u lh JQ.. tv run thun. i::u11phs 

o:· thc DFSOll. oulpi.t rcport and the Ml.~OIL uH. 1npul. an!! outpui report 

are 1110 included in append1crs. 
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2. NL~OIL - Pl<XillAll DESCJUPTION 

2.1 Cosput1taon1l Modell 

Tbe model of 1·ad1or .. clide tran,port thrnuah aoil tbat ia 

impl1 ■eot~d in NLSOIL i• a five comp■ rt&ent linear tran,fer ir,odel. 

Fiaure 2.1 show, • •~bcmatic o{ tbe 11odcl wbich could rcpre,ent 

land auch 11 penancnt 

pa1ture. Tbe movemert of radsonuclides Lbrougb tbe aoiJ coluan i, 

repreu-nteJ lfl tbc 11odel ti-· a seriell> uf lr"ns.teri; b,twecn CC'111part ■ ent1 

to bc: ur.liurir.ly m11e1.L lliote tl,,t lheH :~ Dv upwarci tr•n~fer. The 

r a t e ~ c, f t r a o !- f e r \, c t • e c n 1 ) c v 11 1 i .-, u , ·• 1 , n1 i, e , .. ;. e n I r. a r e de t c r I', 1 r. e d 't: y t h e 

tr•~•fer cvef,1c1ents. k1J. The rate at whict tb11 ■ iir ■ tion take, plact 

;s c1,-;•n..icnt upon scvcr11 f•ctors, ifldndint. thc cClmpart■ent tbicine1,s, 

the c!:..11111..1.J 

'i t, 11 ;.,,.l C. J l, 1 11wdif1c1t1on o: ti -" 111r.uel rreunted by 

l.io,hy, aud l1.,· Co11U11i, .. 1on cf Lbe 

in l,01 l J $ 

( 2 . l ) 

1 1 t ) 
1 

). 1 ,, 1 

z:t' 

n tbc .,ct,vity of nncl1dr 1n bo:i l, P (t) 
1 

1 ~ 

the 1a.r· 1d •hu.h rad1„1;\iclidc i c11ttrs b,, 1. >. . n tt.r r1u1ologi,.I 
1 
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EJX 1 

ElJX 2 
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dccaJ coaataat for ouclide i. t . 1 ~• th• leachiDI re■oval con1taat for .. 
avclid• i fro■ layer 1 to layer 2, and bJi ia t~• branchiaa fr~ctioa or 
011clide j tr, 1111 ... lide i. Ali1lc, 6ou1 cquatio,u cui be writte11 for the 

tayera o! tbt modcl 

conceotratioa, of al 1 radio1u1cj id•• h all ll)tl I at ti ■• t are obtair,ed 

10 MLSOIL by rolvioa the aet of ri ■ultaoeoua equ1tion1 repre,coted by 

Eq. 2.1. Sectioa 2.1.3 deacribea tte ■ctbod of coaputina radioloric 

dc:ay and boildup. 

2 .1. 2 [r ■ naJ.u Coe ff 1c ientt 

be!n adapteo from tbt TI:J(J(.A r,,Jc (hae~ et al., 1c pre11:a) tu calculate 

t r 1 ~ 1 fe r c o e f i i c i eo t • i o ML SO I L . Th i I t ra o 1 !er .; v e ff i c i e n t 

1p,cific. ThL 11udel is ahen by 

=- __ f . ..:.:.. c____ 

9d l 1 • t ad ) 

k
1

J = thc lea~l,1na corffit· tent . or eJei.cct 1 

buwccn ! aytr1 j ao<.! J+l :a· 1), 

1 1' . t . 3) ._, .. 1 t'IL. a. 1, , n, 1 y 1 ~ . CII 

(; - ,..,i1 "'ulw..ct1iL watcr c ~, .• ·:ent ( ■ 1/cir. 3 •, 

( ' . ''"'• , II 1 • 

i, cle■cot 

(2.2) 
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atudied only for • 

li11iled Da.aber of ele ■eDt1, pn1111rily i11otope1 uf .:eaiu, alrODli\ia, 1Dd 

pl 1toniua (~1...moDda, Licalt>·• and Jooea, 197!ll). A, a r1111lt. there h 

Oll .y 

tt.·: ioter-l1yer tr1111fer c:oefi "1ent• 1n Ml.SUlL. Co~puted anJ ac11ured 

l c I c r, 1 n t f or r- :ton,:a. are cv1t 1•1red 1n Tat-Ir 2.1. lhc 

( 1 & 1 v c n b e I ow ' . 
' · 

In Kl ~Oll 11, . . , l:. 11111y b: cntcred by l:ie 

u•r r ur rt a l! f r 1,c, t h" !->Jli Ja l ,, b11 "'C , ', & r t' t 1 l . , ; Yll.3b) Annu1 l 

VA : I.< ' ,, f ar,.I t. 11 C: t: n l Cr C (! 1 L DD i ' 1 of zr.m a r . • ~ .,;c,r-.vo rt rd t i' cm . T IC 

k ., 
d 

•• t" 1 e n ~ 1 r,,c l ll clcr .. ,·1,t-~1•c:1:1I 1.,; 1 l ,. c u n ~ l 1· u ,;; t ,. d f 01 TERR.\. 

,. •; "''- ~ , .. .. aLj lJ l. , A' 1.. ...: r." c.;" .! t,\' li 1.. u ~,. r . i , , ' 1.1t11ul~ v ~ • Ut lor p 

il l .. \ ~ ~ I i;r:-' . 11,r dt•f1ul1 VI; 'lt' Co, u l ~ (1 .4119'., all/ c1./ llhc, • ,d 

l r 8 11" I •. , , , c , i 1 . 1 r 1, l • o. t) . 1 l 

I. 1 

2 . 1 • _l 

1 ' 

. 1 1 .. ' • II l ' .. ~ 

t 1 • ~ t.• 1 1 • l (' 1 r". 11 'I.' t , 1 ,,i III l ,- · 1 

d I t 1 •. 1 ,-,., , " 

(2 .. ;) 

p . t . ,. 

1 :: "'j l , t . ...id • l 1 • 
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Tabl• 2.1 A co■pariaon of plutoDi- JcacbiDI coefficieat, 

Layer 
(c ■) 

0 ·l 
1-S 

5-15 
15-3(; 

2.431:.-1 
6.291::-2 
3. 921:,-l 
1.471::- 3 

I.S7E-3 
2.J4E-3 
8.S7E-4 
S. 71E.-4 

-----------------------------
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(2.0 

Ja a.r aotatloa. A ia • ••ctor faactio• oC t. 'o aad P ar• coaataat 

••ctora. ••• Ci•• coaateDt coetficleat Ntrl&. A ia a ••otor of t.li• 

aaoli• actl•iti••• P ia • ••ctor oft'• depoaitloa rate,, ••• C ia tlte 

aatrta oC coefflcl••t• of ~• differeatlal ~••tlo••• laoladiaa .. ,,, 

aad iater-laytr tr,aaf•r factora. 

(2 .S) 

•••:·• ••P ( ) ..... , ll1• ••t u tapo11e '.1tiel fuctiva of order • (tc-ddlaa-

For nhu o:' <l-t0 )C for wblcll ü• •trh aom 11 (t-t0 >cl I iJ 

lar1:•. dtrtct appJlcatJc,a oC Bq~ 2;5 h 11,,t ~r.,tic:11 for 11w,111trica: 

••itably ruru•a•• ~•uloa ot ~- 2 5; tbh ••tt.od hu l>••• apflhd t1 1 

redl o.ct ht decaJ proc:eu•• for acae ti•• 111d i • d i 1eaaaed "7 Lei• 

(19';6). •~oae uport h ••• prl•• ry baala for o.r adaputioa. 1,, 

•• dtrhe th aatrla fuclJoa b(m •• folJowa: 

(2 .,, 

Dl S) r 

wb•r• ~ •• • ••trl1. n, ••rir• co•••ra•• for all s. ••4 h•••• D(S) i1 

d 



:, , -,. 1'. rl · «i, tWbt@ t 2 d n n t 01 ♦ be 

,, ) 

(2.4) 

In our notaL\.•u, A u a vector f"oction of t. A
0 

and P art ,onatant 

vector,. 111J r 1 ,. • c o o s t "n , ,· , · e ! f 1 <· 1 r n t 111a t r i i . A ia • vector of the 

t.ll e 

a11rr11 (• f of Ll,r diffcrrntaal r.,.i.,ta, ·1111, in1:)ud1n1 decay 

AI t l t(l · t 11 iA • 
1 1' 1 1' 

:: -· 4 : . 

f-' (\ r \ · II) \1 f', t• 

1 
,· 1 p [ ( 1 O t ; ( j ,. .t · 

l. 
1 

11111 l r 1 1 

2, 4 l • 

! 2. S l 

1,unn 

1 • r ,;r. appl 11111 i1-n Eq. ? . ~ , 11 r. ,, t i · r 11 , 1 i r • 1 f o r nur., er• t. • 1 

: or 

,or-c t i "'" . U !> IC cJ h· J 

t>a, l ll 

1 . , 11. • • · l• ,.: J• I l, • l 1 ,. 1; 

•• 

( :: . (, 

' 

wh,,,-r ~ 1~ 1 ""' II i1 

•cl . . i a l , , n , ·, ,· . ... ·• r. ~ 1 . , i r . 

-
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-1 D(S) • S (up(S) - J) • 
(2 • '7) 

•~•r• J i• Ue 1dentit7 aatri~. 1'UII 

(: .1) 

1t 11 poaub,e to uu f41 . 2.5. 2.E, and 2.7 '" pruve Uat 

A,pJicalloD of ~- 2,(, to the n1aertcal evahatioD ol D(S) in IQ. 2.9 

~,rend1 on • aca l 105 operalioD tbat tr1J11(0~1 S to • ••trta w tth 

c,aveatnce c! u,e arrlea. nr 1c1liD1 ia defh.~d t,; tba eqaatton 

(2.10) 
ffrl·P::,, 

•ure r 11 • po1tti1re 1Dteaer. c~o11D 10 tbat th1 ei1enval1111 of I are 

f , l t. t ( r J 1 ~ 1 t. t- 1 t C i • 1 . 

froa the appc~ata1tc 

u .: 1) 

III II· 
1 j 

ll
1 

- J • 
2
1Ht1 • ... ( .•. • 

111
1 1H<J • 

1
-~ R) ... ) ..• ) 

li•lll •lf 
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Sttp 1, Oliaa lb• ooepuud •al u froa f4. l .11 ia U• uca.nioa 

fonisla 

(2.12) 

lli.JL.1... Subatitute D(S) into Eq. 2.t t~ a•t A(t). 

A v1h.e o!' p nct, tt.•C U,r. tr1D1!0~1tioi. ia. ~- 2.10 producea a 

aatri& ~ witb oi1envalue1 le11 t..haa a.1ilJ iD ••aoitade .. , be deteraiDe4 

fron tbe iuqul ity 

'1 2 
>• ~ 

j ~ 1 i j 

( 2 .13) 

/ (l In 2) , 

•be ·e 1 . ia LLc C1,j> - tb encry "f tbl ■atrh S. Tbi1 hequalJty i1 tll1 lJ 

re1 ·1lt of the follc.ina coa11de11lio■ 1 : 

1 . 

aal 

(2 .141 

■u h. 1 < au t,i 1 , 
i 

I 
i 

•h• · • lhe A. are tll• eiaenvaue, c,f H '.Weyl'a ine"uality; aee Ganta,cher 
L 

(19.i9). ro,,tnote Oll p . 2'17. for re{er>Dcea). 

l . lt h .. (b ). ther. 

------ · ... __ -. ·- ---~-

1 J 

&d ·-



a-ro:, atltiMd? ff, c: · kt:iiAf'.'1,i, ·;.·,ciT-tr· ·-. ·'k:r+·-~··:_·~...,..:.· .. ifs■'■t•h•·iil5i.'~kli·.1•~···.:;.•;~\\ ' c rmstrm-

( ' 
l., 

u 

The firat i ■eQoalit7 folJow1 frc. • <irect cot1putatioa; tlu, Ncoud h a 

c:0 ■ 11ci1aeacr , .f th• f1ct t.Ju t th• trau of • ••tria i a ia•ariant udc,r 

1i ■ illritJ t1 an1foraation1, 

T 
ca ■ onical fc,~• ~• H H. 

and h th• trac:• 

3. By cocb.1111101 ~•- l.14 and 2.15, •• He that 

or th• Jordea 

(2 .10 

lt follc,w1 Croi.. Eq. 2.16 that 1rc r ·.; ellfo:ce the c:ondttion h. 1 1<1 for i 

(2.17) 

he•1aal Hy 2 1"/ u 81(1Ü\lahDt to Eq. :L13. 

Tbe s-1tri1 fand tbe vector, A a1d I' are cc.natructed •• follo••· 

Tho vti..,vr• A &Dd P ai:t partiti,.,ned iato N bi1,d.1, '1ne bJc,ck per 

; ay, ·r. nc ini tul val11e of A ia • · ••Y• 1eru. li üc rcriod of Ion,-· 

ten, huildi..r ''1,) ss arcater th•~· or eqn1J tc, :bc aueaaacnt perioJ 

(t 1 '., tt.• anavirae, are c:oari.ted ·• .. lb th• entcred conatant depo1il 1 01 

ratr fc,r tb• •l„Je 1ue„1cent rcriod. If t• > lt, the ut of equ1lio111 

cu•C tie •vhctl rw,ce. lir~t. fo, tb • tll tbe entcrcd c:on,tant depo1ittcr.1 

ra11 and. uco1,d, for ''• - tbl •ith loth a iero c!epo,itioo ,ate aod a:a 

1nit11l activity u ,a,aputLd for Ue 1ertod of loortena baildup (tb), 

1 
• • 

1 

' l 
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Th• coefficieDt ■atriz C i• pa:titioDed iato •• NI.N arr17 ot 

nlmauh blocka, .. cb of wbicla h 5z5. Th• nbaatrlz block for 1ao:1 

nucJide p~1r (i,J) ia defiaed •• follnw1: 

witb 

for j > i •• tbe O ■atris, 

for j < i a1 Aibi,jl , 

f (lf j :: i ll 1 

-A -k . l 
l 1, 

k . l 1. 

0 

0 

0 

0 

-~ -k 2 l 1, 

k 
1,2 

(J 

0 

0 

0 

k. . • 
J,.; 

0 

0 

0 

0 

i, LeiD~ tbe radioloaic decay co~ataDt of DDclide 1, 

k . b~iDJ th• tr1n1fcr co~fficieDt of nucliäc i 
1 •• 

fn,a layer a. to layer stl, 

0 

0 

0 

0 

(2.U) 

b beio1 the b1ao~hiD& fraction of Doclidc i to oucllae j. 
1. J 

Tbc, . •• and b . . 'a are froa PKll(lJS. Tbe k,, 1 •, are co11putcJ ;,. rooline 
1 1, J 

lliMir or entcrcd by the u1cr. Note that the ■,tri& C ia lowe1 

NLSOlL bu bcen •triltf'D l<• fuuctjop in tbc aa11c p01ition ,ritbin tbe 

r1u<1:; •• dor1 'ItJUtA. lit!~aoJe <'f tb11. nTcr,1 routinca 11rrc taken froa 

TfJ!~, a„d ■vdified for u,e 111 IU.!,OJL. Tbcu are lhe TEUA ■aln routh• 

~ ---· --~ 
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Table 3.3 ld•• •••d in IILSOIL 

e le■ent t 
■11, 

elc11ent .it1, 
)-. 

AC 1.5E+03 . N 5.0E-01 
Aß 4.5E+0l NA 1.0E+02 
AL 1.52+03 NB 3. 5E+02 "" ü 7.0B+02 ✓ ND 6.51:.+02 
A5 2.0E+02 NI 1,52+02 i.,,-

AT ! .0E+0l NP 3 .OE+0l ~ 
AD 2. 5E+0l OS 4 .5E+02 
B 3 .0E-t0u p 3. 5E+oo · 
BA 6.0E-t0l PA 2.5E+03 /,,." 

BE 6.5E+02 PB 9 .OE+02 ✓ 
81 2.0E+02 PD 6.0E+0l ~ ;::, "(. ,,./ 0 

I.W 7 . .SE+00 P11 6.5[•02 
l:A 4 .OE-1-00 ✓ ~ s.o~To2 
Cf> t,. 5r'.-t 00 PI.: 6.H.+02 
(,'t.; &.5E+02 Pl !II .0E.+01 
Cl 2.SE-01 ;, P"tl 4. 51::+03 ~ 

Oi 2.QE ... 03 V ltA -i .SF.+02 ' Cu 4.5E-,.0l R.R 6.0E+0l V 

C'' L. 8.SE -0~ il. 7.SE+O0 
es 1 .Oi+03 :.,-- iil 6 .0i::.+0l 
Cu 3.5E+0l iU 3.5E+02 
DY t.~E+02 s 7.5F+00 
fü{ b .Sc.•02 Sll 4 .SE+0l 
t:ll f . .St:.+112 SC l .0E-t03 

I ~ F l .H•02 SE 3.0F+02 ,:,,- ie. .... 
~ 

1; 1 '. 2 .5h0l SI 3.0(' +01 
1-'i< 2 . . Ht02 !\~' 6 ~r . :,: 
C.,,\ l.5id)3 s~ 2.Sbü:. ,,-
GT-' 6.5b02 ~~ 3.5r, 01 ; .... 

GI:. 2 .$1:.•0l TA 6.5h02 
HF l. 5h03 TB 6.5h0~· - , -/ 0 H: l. G1., 0 1 TC l. 5c.+(Jl1 J:. IC 
HO 6.~J +01 TL 3 ,i.)c.t \.12 
l ,. • 01"'+0 J .... T,a 1.St • o:; 
IP\ ... St-.+ 03 11 1 .OEtU:1 
lk 1.n ... oi lt. l.H.•03 
l ~ .51:. t 00 TM 6,H' t02 
1. A ti.SH0~ u 4.5t.t02 ~ 
ll 3 . 0t-+0:! V l .OI~♦ 03 
Lli 6.Sf+0:l ' J .SL+02 
w· ·' 4.SE+0O y S .0F.• 02 
ac. 6.~r.+01 Yh t,, ~HO~· 
J: .. J.. o:... r O.i. v Lh -..0E+0t 

Zi-. J .OS:·.n):; (,,, 

- -- ·- -- ------------- --

~ _,,.., ~---- ..,.....,. -r-- -·-~ ~ 
__ . L _;- - -----
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5. DPSOIL 

5.1 Jntrod~vtiou 

ao~rc:•• iu aoil aDd for photoD 10-vc•• oa tbe aroaad pl•••• n, 4oa,

r,.te {ac:tor• for aoil laycu •r• ,oaputod for apecUic 1011 l•J•r 

tlic:beu•• aod apec:ific: J1"'l1dc1. Tb•u Ol)u· ••l• faotora ar• i~t,ad•d 

ne aoil calc:11latic,D1 ro"rcacat ,.D •atoDaioo o( pr1vlo111 calo11latl ,aa 

ftr pbotoa aourcc • '>hieb are confiDc d to tho 1ro11nd aufac:• -

anrfaca parallel to lh• ar " unJ . lith thh uaw r• tioa, tb• eat,rDal d,,u 
. 

rate Bat &DJ tiae t to aa eaposed iDdivid~al caa b• eapr••••d iD tb• 

aeneral fora 

( 5 .1) 
~l l) s A( l) ~ l>U, 

in-livitual a~d Oi~ dcootca the d)ae- Tate co~vcraioa factor, Yhicb w, 

or th• pvpo••• of 

tb11 '-ua.p~tatioD, wc 1aotc ooly that ·:111 doae-rate faclor for eaterDal 

c11o•u.r~ to 1ihoton uilttcr, on tho 11ound 1urfacc depcndt on tbc hei1'l~ 



- . . . ~· 

-•·iila..:ii:i-.wrwtt•twH•-ir••lllliZIIIPa.•·-tttt-illdeett:-.:;·~· ··---Jt::ft • b im e i:rv..Z'C Mi •;:;,:; : ,rt · ;;yy {ip,; 

.u 

la• r •. 

u,e,aal do•• fr• eleotroa .. ,teer, ta eoll I• aot ooa,t••r•d 

Por •l•otroa, prodaoed bJ radtoactlv• ckc•J• tlae eltotroa r•~•~ 

ia aoi 1 h 1u'-&l lJ h u U•aa 2 '-• aad antr uceeda 4 oa (NAS, 1H4). 

ne·•f..,re, • n,,.lul peDtlratiM, ot r,dtoaacltd•• iDto acll will prOYith 

co■plet• abi•l~iDI froa all •lecaroD -:-adhUoaa. 

air above aru .. ..,J fur auno•D•ra•t ,c 101,rcea at ver 1011, deptha la aoll aa1l 

IOUOC• 

coacen,1alt1>D ia 11.:l·ifora over • horta<atal plln1. 

Uere , PR! 1 
11 U.e vhot„o (y) oo,c-rate hctor in air (a) la ulta or 

y 

«;y/ac~ per Hq/11-'; & h the b•iat.t or :be receptur lt'catioa abov• arou4 

1D 01 • li. 
l 

h th, rh-~' ,. -i e .. .:ru· iL .. V; 1. h • , ... -~,~ ac.~ •~11•1 to tb 

1,1r,,.:1;c, .,r 1.6 l, l,}-10 • - ~ 1 / tA, 't , •1d 10 · ' c•l/•l; <tJ.,./; , .. aud tlat .... arc .. ,. •~~r1y-&h,01·~t1 .. ~ • nd ltn••r atte101tion ooe(fi,uD\.• iD air iD 

' 
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. 1 T I lt._, bh1111aa. ... --.---••· lll:ll-•t .. •n11111r111._i111+ill■ti.Mt! Ms Pd i 9 cd e ·t ·e FZittt r : .,.,. +:;,.: ;,;;; + ' 

utta of ca
2/a ••d ca-1 • raa„cti••l7. for •Mr17 ■,; Ca aad D

8 
are t•• 

coefftcteot1 tat~• B•ra•r fon ol t•• •••rar•~•orptloa ,atl••• fattor 

U66) 

(S.)) 

(S .4) 

For 10 e1poatd iadl•idu1l atamdiDI OD tbe ar~~Dd, ,i. do1e-r,te faclor 

fact or 

1 tvea by 

'ft.eref "'•. tbe do,e-rate 

for around-,~rface e1po1•~• to a partloular radtoouolide DIFP i• 
'r 

1rl.eu r,y u ib~ iritt11aily of the 1t• photoo of tneru, !iT iD 11aaber per 

decay aod the 1Gaaat ioo h, l 1&de1 1,l l ptlot c••• iD tbe cl•c•J tpect ru. 

ne d"u - ratc hctor tc air J or ao1aotner11Uc 1ouca1 lD t0tl ,;aa 

b1 obtaiHd by au1lor. ~Hll f..q. S.2 by ulculalh& pbotoa attenoaU 110 

§P!P C YL--:::Sf~.Ai-il. WFAT'-~~ - ~ ----.. .., •.:::=:a.- .•· - ,,, - -· ---··- - -.. 
. --:::- - · ·- ··- · ' 



( 

( 

( _, 

.;.,;,,_..;;i,'1,,1;ao■-.. +za;a--· o11;+--111i:m . • M+: ...... ,_., •. _,,.;1_ .. -c:e:.. .. e i+ t · t r: t - • - 'rl tt:f hl +nz: ( 0 

40 

■01oeura•t·c plaDI ,011rct iD 1oil h at.YID by 

(S.6) 

taP[<D1-1)1,1 11)] . 

No·• tbat cvcn thouab tbe acd& .. bct•••n tb1 aoarce aad rcc1pt)r 

r,v1 1t l<·Dt 1D 11 1 11 ratlicr tl.u, ii. air, •• ue 1tL.l 

Ir il&i.t1„e, L,, . 5.ti h t1, t,, e,1tuated II l ■ abovc arouoi::, 11,d 

r,ot ia&e<11atcly at-L•vc arouod. Th• effect <.,f ll.1 layer o( air bcfwecD 

tht · ao I l 1a.rf , .. e aDJ tbe r•~•Pl ur cu 'be 1ppro1 & ■ IU'6 by • 1 ayer of 10: 1 

ror, l •· 1cc rc11.ll101 vaiu ,,f •• i• lcaa thu, l 11& for all photcD 

Tb, dou · .,ate r ... ,or for a rc,c1,,or l „ abovc tbe aoil 

1u1 a .. , a.., lt.,1.1 bt ,.1„u,atcJ lor a plaoe 1i.1ovcoer1ct1c 10,uce at a 

~.6 at 1 • 1
1 

r1t~er lhao at 1. 

ia :lear that •• ,an be De1J1ctcj 

11.i t·--.•· 5.2 an<l • . 6 ,c c ub\1i1ud fra.. tbc ,oapilat1vt. tr 

------- - • ..,. 4 ■- -~ ............. ~ ·:_ - - ,;.,.: ........... . ;__-,. 
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fr : tc,r for 

(19751 ; t~• Cura•r auu.a~ • u,il de111t1 oC 1.4 a/cia3 • 

,. , lu.at ralbcr •aian coa.aiaed to • plane 111rfaca. Th• doee ralt iD alr 

a !,t.,v t aro1u111 fr.:. • volua• 1011rce c,,a b• obra1cecl lly •• iDt•araLioa of 

o, er U. e 1u1u .. , H,l \.At. 1-·roa U.• S 1, Ut,e dou rate ir air, for 

(S .7) 
:.a ( E l • •l • a f lt. ( J D11 " ( a • ~ E ) d y T 1. 1 • ar l 1 • Y & • 

1 

'" rr1.:tu·1l •1•rt .... , I CIDI , bei:1111, tbe ••lue lt l1t1a lhaD 1 - · 

lor ■e>1t J11tril.l"llvn1 of 101arc~, witb Jeplh iD 1oil. Eq, S.7 8111\ 

t-t '° ,, I , e J uwae r l, • l I y . Th, doae·rate factor for 1 1l1b 101ar~• l• 

aau Ca•ill, 1,,s>. 



-~~=- . . ~ -_.....; _______ _. ........ ....., ____ ,. _________ ...... ', ..._ "' -- . 1 
ans ä •• 

t~• reai.ll 11 

(S.9) 

Dir ' ( l . " ) L. ~ ( / ) ...1. 
.., 1 · •~ • it:.y • Z--l 1-'cr. •' a ~ • 

th~ Ht"nd · crJtr e1p('loenti1I iot,aral h aivcA by \(, ■ ~tacbi aod C ■ hill, 

(5.10) -½ \"' l C f' 1 i · ( .., l . ~.1-.1 ( w) 

(5.11) 

1 iJ„ i 1' . 1 . . . 

t 
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IO..SOII aod DFSOIL wil 1 be a,11(111 ia prodaolaa radhUoa cloHa lroa 

aroond aurf•c• eapo1ue1. MLSo::L ooap11te1 •• efhcti•• aroaad •••f•o• 

the doac-,ate !actor for ,v11p11tlna cloae froa t~• ar~aad pl•••• DfoSrJL 

co■pot•• th~ do1e-a1te factora •••d•d l• DF~OlL fort~• ft•• aoll l17er1 

aoJ r~r tbe aroaud pl•••· 

ML~ulL aoJ DrSUIL ••rc writteD tob~ 111eJ •• •• iatearal part of 

tbe (l(il\ or witb otber r.oa~•table codca avaalabl• to tbc oaar . l&.SOlL 

rnJ OF~uJl J„ DOl """'•pule duua to tbe budy or or111u by tb••••l•••• 

.~,üWOS nced not be ran if tb•t ia tbe ~DlJ doac of iotercat. U tbe 

output fll~ c,{ Ul-'SCJIL ia availa>lt, tber• 11 Do 111ed to reru DJi'S)lL. 

IQ.Sl)lL .:aa be rUD • itb • nr i ety o:· optiona witbiD tb CiJ.lS to pr~lace 

au,ra,e cooccatratao••• •hieb ~•Y be coebined witb o.her 

c""·1r,,naental coocectrataoo, {roa TfJulA, an~ c11ter1d to hNtJ&OS for 

co■ rulat100 u! tb~ oeedcd d01e1 &D< riaka. 
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