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MASTEB
Abstract

Numerica, l results m'e presented for the Perform_tnce Assessment C_lculational Exercise (PACl!;-
90). One- a,nd two-dimensiona, l wa.ter _nd solute transport _re presented for steMy infiltration

into Yucc;t Mounta, il,. Evenly (listril)ute(l infiltra, tion rates of 0.01, 0.1, and 0.5 mm/yr wero
(,onsi(l(;red. The calc ula,tions of solute transport show tha,t significa,nt mnounts of radionuclides

can rea.eh the w;tter t_ble over 100,000 yr at the 0.5 mm/yr r_te. For time periods less tha, n

1(),000 yr or infil(,r;_tio1_s l(?ss thar_ 0.1 nln_/yr very little solute reaches the water t_l)le. T t,(,
i_un_erica.l silnul;ttions cl(,a.rly (lemon:;tra,t(, that multi-dimensiona,l effec,ts (:_n result in signili-
('a,l,t dt,crea,ses ill the tra,vel tilne of solute through the model(.,.d domain. Dual continuum effects

a,ro show)l t() 1)e negligible, for the, low steady st;_te fluxes considered, tlowever, material llel,-

orogon(d(,ios _lla,y (:a,uso l()ca.1a.nll)lific;_ti()ll of the flux lev(q in lllulti-dimensional flows. Thes(_

higller flux lewds m_y l,llen re.quire modeling of a (lu_d continuum porous medium.
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The work contained in this report pertains to WI3S I_lement 1.2.1.4.9.



Contents

l [lltrod_lctio,_ .......... I

'2 ()lle_-I)irllellsiollal lly(lrc_logy .......... '2

" 3 Two-Dimensiona,l Hydrology ...........

4 ()lie- trod T S'wo-l)ill lt,llsic,llal , inglc-(!ontirmum Solute Transport 8

5 ()ne-lDimeilsional l)llM (',ollliinullil/ Solute Transport .... Is

(3 Conclllsions .......... 25

7 lt,clef(races ............ 27

AiJpcTldix A. Ma l,_,ria,l l:'rOl)crti(_s .......... t;:/

/\l_l)¢'tt¢lixP,. lt(,t'(,r(,llcc_ltll'orma,l,iotl 13a,,c . t;7

iii



Figures
1 Pressllre }le&d for hole G-1 ._'

'2 l'ressure head for hole ll-l. . , '28

li Pressllre hea.d for hole (",-4. '2!_ "

4 ['ressilre he,td for hole liE-TDa,. . 2!)
t'

5 M_trix s<_tura;ioll for hole (i-l . 3()

($ Ma,t,rix sai,uratioli for hole H-1 . . :/0

7 Ma,Li'ix sa.l;tll'a,l;ion for hole (]-4 ;1l

. ? ,r..8 Ma,l,rix sa,iilll'a.tioIl for hole llL-2,)a,. :/1

9 Fra,ct;lir(_ sa,l,llra.t;ioll for hole G-I. . 32

10 Fl'a,cl,lir(:._sa,tura, l;ioll for hole H-1. 32

11 Fl'a, CttlI'(7, s&l;ur&l;ioil for hole G-4. 33

? sal;ura,tion , r.12 tract, llre for hole UE-2atu 33

13 Ma,Li'ix w_tter w:;locitiesfor hole (I-1. 34

14 M_ti,rix water velocities for hol({ H-I. . 34

15 Ma,l,rix water velocities for hole G-4. 35

16 Matrix water velo(:ll, les for hole I.lE-2,.)_u . 35

17 l'rt_cl, lire wtLter velocities for hole (I-1 (1 li(., very suiall wdues _u'el)reseul;(:d

for fill, iii'(, co(l(; (;Olnl)&risolls > &lid a,re 1)rol.)M)ly llOi, re,_Llisl,ic,). . . :iii

I,S ] l'a.(,Llll'(-_,w&|,er velocit, ies lor hole ti-1 (Tile very smMl va.]ll(;S &rc l)r(;selil,(-_(1

for fiii, ilre co(l(:: (:ouiparisoils, &hd _u'e t)robM)ly I1OI, reMis(;ic) .... 36

[!) Fi'a,(:l,iii'(_ wa,l,(-,r velocities for hole G-4 (Tile very snla,]l va,lli(-.',sa,i'c lJl'(:,.'-;(,iil,(_([

['(ii' t'ill,llr(_ co(l(:, COIII])aTiSOIIS> a,rl([ a,l'(:;l)rol)M)ly liol; reMisti(:), . . . . 37
-?20 ] l'a,('l, lll'C wa,L(_rveloc,i '_s1,1(,,_for ]loic II ''_i__-,',,jd,nr''"(Tile, V(;l'y. sIila,]] va,]ll(,S"a,l'(-_I)l'e-

S(,lii.(,([ ['(>r flll,l.ll'C C()(I(_ C()lllpa, l'i,SOllS> &lit] tLI'C I)ro])a.l)iy 11()1, rea,lisl, ic). . . 37

21 '[_WO-<iilll('llSiOlla.] g('Olll(q,l'y ()[' llla.l,eria.I l'(:_gi(Jll,<-l. (])rillliole (I-,:1 a.l, t,]i(' 1('['I,

l,()illi(]a.i'y a.li(I llE-25a, iliJ l,]i(, ri_}il, I)()llll([a.ry) :{_

-_- w(i-(liill('llsi(_llal tillil.(, ('l('lll('lil, g('()lll('l,l',V , 12i';0 ('l('lii(,lil,_, :{_

'2;I Mal, ri× ,_al;lll'a.t,i_,llI)l'_,lilc' I'<,r 1,wo-(lilliclisi()lial g;(_olliel,ry, (I.I)l tlilli/yr illlil-
lr;i.li(Jii; II(,1(' (I-,1, , :/!t

21 Mal, ri× ._al.lll'al,il>ll IJr(,til(' f()r l,wo-(liliii,iisi(,liM g(,(,lll(,l, ry, ().1 i_lll/yl' illtill,ra.-
i<_ll. 1I,,1<,(',-.1. . :lr)

25 Mal, rix sal,llraA,ioii l)r()til( , fiJr l,w(J-_lilil(,lisi(Jl_a,l g('()lil(_l, ry> (),()l iiilil/,yr illtil-.
li'al i(Jll, li(ii(' lll']-25a. .'l(i "

7(; Mai.rix sa,l,lll'a,i,i(Jli lir(,til(, t'(,r l,w(,-(lilil_iisiiJlla.I _('(Jlil('l,l'),,'> ().1 Ililii/yr iillili.ra.-
ii(>li, II<,I('llE-VSa,. .1()

":'2 'l',,li_l \.'('rli('al wal.(,r ]iii× i_r<>til(. li(,ai' i,(,I, ali(i ]l(ll,l,(>ili (Jt"t.\v(i-(lilii(,lisi<liial

r,',4i,_ii. (i.lil liilii/yr illlill.rai.i(,ll. 11

iv



28 ToLM verl, ical wt_l,er flllx profile uear Lop a,nd bot;tom of two-dimensional

region, 0.1 n_m/yr infiltra, tion .................. d l

29 TotM w-',rtic,M wa;er flllx l)rofile near I,o!) trod bol, l;oil_ of l,wo-dime, nsionM

• region, 0.5 lnm/yr infiltra.l, ion ................ 49

,' ...... _"ramwr in filtra.tion . 4230 Darcy ma,tr'ix velocity x(:,d,ois, 0.,.)

' 31 Pa,rticle l)a,Lhlines, 0.01 Inrn/yr infiltrat, ion. . 4:1

:712 Pa,rticle pathlines, 0.1 mni/yr itifili;r_t, ion. . 43

33 Particle pa,t,hlines, 0.5 mm/yr infili, ration. . 44

34 1-129 source terms for Cases 1 through 6. . 44

:)15 Tc-99 so_li'ce terms for (),ases I through 6. 45

36 Cs-135 Sollrce tel'IllS for (_&s(?,s1 ttlrough 6. . 45

'"" (,a,sc.s 1 through 6. 4637 N1)-23¢ s '"' for i' ', oulc,e terms

38 Concentral, iolt curie/m :_) ot' 1-129 for 0.1 rnm/yr infiltrat;ion and Ca,se 3

r¢.,lea,se ai, 100,000 yr. ....... 46

39 (k_llcCull,ra,tiotl c:llrie/tn 3) of 1-129 for 0.1 lllm/yr infiltraJ;ion a.nd Case 4

relea,se a,l, 100,000 yr. . . . 47

,10 Cltmulative discharge of 1-129 to the wtd;e,r l,al_le ff_r 0. i mm/yr infiltrt_taion
aJl(I (7',ase 3 a,nd 4 relea,se tnodels .... 47

41 (',once,_l,r_tion (cwric/'_, a) of 1-12!) for 0.5 m_n/yr infiltration and C_Lse :1

relea,se al; 50,000 yr . . 48

42 (:on(:e, ilt,ra,tion (c'_trie:/Tn/_) ot' 1-129 for 0.5 inm/yr infill, ra,l,ion a,nd Ca,se :71

release, irl, 100,000 yr. . . d8

43 (:oncenl, r;-_l,ion (curie/m :s) of 1-129 for 0.,5 mm/yr infiltrat;ion a,nd Case 3

re,lea,se a,l, 12,000 yr . . . 49

,14 Co,_cent,'a,l, ion (mr,'it:/m 3) of 1-12!) for 0.5 ,-mn/yr infiltration a,nd Case 3

relea, se aJ, 14,000 yr. . 49

45 (:o_ce,_l, ra,l,io_ (,:u'rie/7,[ _) of 1-12!) for 0.5 _m/yr i_fill, ra,l,ion trod (.:ase 3

l'(,]('asc' a,l, l(i,()()0 yr. 5(}

./(i (',o_('e_l, ra,l,io_ ((:'_tri¢:/'t_,:_) of 1-129 for 0.5 ,n_l/yr i_fill;ra, l,i(_ and Case 3

l't'le;,se ai, 18,000 yr. 5()

•17 (l(Jticettl, t'a+l,i(_ti(c'+_,'ri_'/'_P) ¢_t'1-12!t +d, 100,00() yr aJoltg l loles G-4 a,tld tiE-

" 25a t'tJr 0.,5 tlltll/yr illtill,ra, l,ioil a,lt<[ (la,se 3 relea, se. 51

48 (1o,_¢:e_l,ra,i,ioti ((:,_?'ic/'_++,:_) o t' 1-12!) a.i, 50,000 yr for 0.5 ,n_n/yr infiltr++tiotl
" 4 r,:l<,ase. . . ;ii

.19 (:O_l(X,,_l,ratio_(c'u, ric/_v_,:_) ot' 1-12,(t aJ, 100,00() yr for 0.5 ,_n/yr i_filtr_rti()_
ail(l (',a,s(, 4 rcl_'a.s(,. . , 52

.Sli (_,(>li_X'lil, l'a,l,i(Jii of i-129 a,l, lii(I,(lO0 yr a,iOlig ]io]('s (I-4 a,ll¢l llE-25a, for .,_

illlll/yr ili[i]l, rM, ioll a,lll[ (l;.i,s(_ ii I'(:](_/'l,S(_, FI{_j



:_I ('tllllllla.l.ix,e <lich_u'_eof 1-129to lihew_liert,a,ble for0.,5rllrll/.yrillIill.ra.l,i¢,ll

;_tJ,l (';t._<' ;g ;,,i,I ,1 relea,se nloclels, 10(),000 yr. 5:f

:i'_>. (!_,ll_'etti.ra.i,ion (clirie/m :_) of Tc-99 for (I.l lllnl/yr iilf:ill,ra.t,it)l_ a I_t (i';_.,_e;_

r_'l_';_s_'ai, I()(},()()0 ,yr. . . , , h:l .

:i:] (',,_('_,_t,ra,l;ion ((:urie/m :_)of Tc-99 for O,l _nm/yr infill;ra, l,i,>_ a,_(t (:',_,,sed

i',.'l<'a_._'a_l l l)ll,(i(i() .yr. .... 5,1 ,

51 ('o_,,'_,_,l,r_d,ion (_'_rie/m :-_)of T¢,-99 for 0.5 rn_/.yr i_l:ill, ra.l,io_ a,_d (la,_e :_
r_,l_'_._,ai, ai, ,_(),(]00 yr. ..... 5,I

,"):> (',<,,,<,<',,t,,'a(,i<,,,(<',.,,'i<::/,,,:') or 'r<:.-n,<)ro,. o.,_ ,i, l ily, infili, r_l,(,ioli a,ll{I (J;,,_<,:)

I<'](',_1.<;(' a,1, l()0,()()() yl'. .... hF)

,"iii (',,ii,_'lil.ral, ioli (clirie/in :;) of Tc-99 R_r 0.5 ninl/.yr irltill, ra.t,ioli a.n<l (I i,s_,/1
l'_'l<'iisl' ;ii. hl),()()() ,yr. . . 5:)

(<-,,,.i<;/,,P)orm<:-,99ro,. ,,,,.ly, i.fili;ra,i;ior C',_,_<,4
i'<,]ea,s_' _ll, 10il,(i00 .vi'. .... 56

,_l,"q(!<Jiic<;ilt,ra,l;.iOli of 'Pc-99 a,l_100,000 yr a,long Holes (I-4 a,n(I l.;lg-75a. ['l:Ji'().,_

illill/.;,r iiitill,ral, ion a,il_:l (',a,se :J reiea,se.... 56

,:if) ('.iliillllal, i\,<, <tisclia,rg.jeof Tc-99 l_l:J{lie w_d_er1,_1)1(;for 0.5 llllll/,vr ill[-ill, rail,ioll
;ili,I ('ii:<<' :/ allrl ,"l l'(']t'a,s<' lllo_lels. . . F)7

(ill ('lllllll[_ll.iv(, liala.iice, ilii;(.'.gl'a,ls for '[c-{)9 t\:,r 0.5 inrn/,yr intill, ra.i, ii:)ll a,ll(I i, tl('

(','.il_(, ;/ r(']('_l.<_(' illt)<l('l ....... 5'7

f;I f '(• ,ii,'_'iil.ral, i(>li tit' Np-737 a.long ttole, (7;I-4 (I-D _e,oriiet;ry) for 0.5 iliili/.7r
iilillr_lli<_il _lii,I (',ase :1 relea,se,..... 5g

{;7 ('.tlii<'<'lil,ral;ioii <Jt''-I"c-!)9 a,iorig] Itole Q-4 (I-D geoiliel,r,7) for 0.01 l_l_lyr

llilillrilii<Hi, lliii>(ll)0 yr, relea.s(:s for C,a,ses l t:hrough 6, (-llia,I conl, illilillll. ,_l_

I;:/ f'_ll<'<,lil.ral, ioli of 'l"c-99 a,iong; ttole, (71-4(I-D geoil-let,ry) for 0.1 il_llil/,yr iii-

lill I;ili_,ll, l'_'l<'a,<'st'(_r (',a.ses3 and 4, dua,] C.Olit, illlll.llll> _'l,li I(}0,(J00 ,7_'a,l'._. , ,_{J

t;1 Illl,e_ral,ect relea,se of '1:'c-99 tc) wa,ter ta,1)le, C'a,ses 3 a,lld 4> 0.5 illlll/71' > <lila,l
, ,Jill iililillil ............ 59

fi.D ('<)llli>ill','.;i()ll of _llia,] and siugle COl-i.l, illlllll'l-I illodeis for rl'<,-ilfJ; (Jli,,_(,:1, l}.5
iliili/Vl. _,_llll_' _li,_i,ril,iiiion .... (iii

t;i, i ',,ii,<,iill'al, ioli (_1"1-12,9a,lOll_ Hole, (I-,1 (]-D <n.;eoinel,r,y) for 0.ill lliill/yr iii.

iill l,il i,,ll, Illil:ll(il-) yr, (lasc,s 1 l,hroligh 6, (llla,l COill,]lliililli, (;()

i,'_ _',,_i,<'lili'_ili_,ll _>I"I-1:2.9a,li_n_ llole (;-,I (J-l) geolil<'l,ry) for lJ.l lllnil,yi' ii_lil-

i i,_i,, i. l(ll}.(l(l(} k'i', (la,s_'s 1 a.ll_i 6_ dlla,l coi ll, illlllilll. (ii .,

i,t _ lill<,/rill_,ll l'_'l_'a,_' _>t'1-129 t,o wa.l,er i,a,l_l_',(',a,st's I a.li_l ii, ll.rl iillll/)'r ililil-
,,11, i, ,lil_l <'lJill, ilillillli. . Iil ,

li't I',,ii,','lili'ali<lii _,t" (',S-I:I5 il.](Jli_ IIo1_' (I-4 (i-i) _l'lJllll't.l'y) l'<ll' 11.5 iliililVr

tilt! ili,,il. Illll.llllll \:r, i'_'l<'a_esfor (la.st',<';I t,lir(>li,_;li (i, <llial _'_>lll,illlllllll, t;L!
i ), i,-,# I ..

iii f ,,ii<_'iilr_il.i_>li _>1"NIJ-7,1I a,loli_; ll(Jie (,-.'1 (1 I) g;<'<>illl'l,l'V) t_>l' II.,D liiili/.vr

i iil!l ill,,ll. Ilili,llllli .vr; ll'l('_-i.,'-;i,.<gfiji" (_,_.l.S(,,gI l, lll'(Jll_:tl (;, _llial _'lllll, illlllllll, li:.!

vi



Tables

"t rR'" , "l'i 9'_¢)4 Above W_ter l a,blc.... Il (.tl'Ollll(]W;'ll_(:l' I l'$1\ ('1 lll(:'S ['l'()lll .... Ill_

') Travc'l 'l'i _ , , "•._ ]I'I¢:'S['(,')l"()II()'"a)*¢l IW¢)-I)itnensionM (leomei,ries
b

(,O,nl>a.nson oi' Adve('i,i(m and Diffusion of Solute . . . l"

,l l:)_tranl(,(,('r\/all).¢,,,-;lls(::(Iill ']"ra,llSl)ort Models ....... Ir')I)

5 Tra,IlSl)()r(, l{(_,'.;llll;sl,lsillg I;'I_M'I'I_.ANin 100,000 yea,rs . . , I1

(i O'ne-l)iln(:).lsi(:)lia,1H()lll(,(' l ra,ll,'-;l)()(, R.(-',sul(:,sfor tlle 0.1 mm/yr I):).filtra,l,i_,>_
(10().,000yea.rs) .................. :.:.':i

7 ()ll(,-l)i111('llsi()llal S,,)llli,(''l'ra,l_:-_l)(:)r(_Reslflf.,s for the 0.5 nlm/yr Infil(,ra,(,i()l_
( I()(),000 y('ars) ............. ' I

vii



1 Introduction

']'[le Yuc(.',tt Moun(;a, in Si(,e (_hara, c(;eriz_(,ion Projec(, YMP) requested our par(;i(:i-.

p_ttiorl in the Perf'orma, nce Assessillenl, Ca,lcllla,l, ioual Igxercise (PACI3-90). This ell'(,r(,u

wt_s i11itia.ted by l)epart, lnent of Ignergy (D()I'.;) llea._lqlla, rl,ers to identify the rea,diness t_['

various conlput;er codes _md l,heir spoIlsors to perform ca,lculations in supporl: of sit;e pe.r-

' forlna.nce issues relating to licensing regulat:ions. Parl;icipants in this effort include Pa,cifi_:

Northwest La.bora.tory, Los Alamos Nz_gional Laborat, ory, and Sandia. National I_abora,-

l,ories (SNL) ()rgatlizatio11,'; 1510, 6312, _md 6416. ']"lle set of problenls to be addressed

were llOl, t'lllly detined; therefore, this exercise is no_ benchmarking (i.e., code-to-code

(:olllpa.risoIl) bul; illvolves nlo(:leler il_(;erl:)rel;a,I;ionof Lhe proposed problems. The analyses

('ollsider olle- a,lld (,wo-dimellsiona, I sl,eady {low emd sl lbsequen(; transport ot' represenl,a.-

l,ive rt_diollllcli¢les for a time period of 100,000 yr. Ma,l,erial prol:)eri;ies have been SUpl)lie¢l

for 4 drillholes ((I-1, H-l, (_-4, and [.llg-2'5a), ea,ch with t_pproximately 20 di fferenl; ]ly-

drologic l_,yers identified. The nlaterial prope, rl;ies used in the calculations were co)npiled

by Merlin Wheeler of Los Altmlos TechnicM Associai, es, Inc., and _re given in Appendix

A. Material properl;ies for _, tott_l of 22 hydrological units were given. Retention par_mi-

el,ers for four radionuclides were defined. The rel)ository a,nd wat;er table elevations were

giw,n, along with sliggested in filLrt_Lion rates at the l,op of l;he Tpl,-TM Unit (elewt, ion of

1200.6 In a,t Hole (I-4) of 0.01 mm/yr for the base case and 0.1, trod 0.,5 mm/yr for l,he

perl;urbed cases. Tlle lateral water diversion tlla_ would be expected to occur above l;l_c

TI)c-BT/TI:)t;-TM illt;ert'a,ce (elevation of 1200.6 m a,t Hole (_-4) is outside of the doma,ill

l_sed ill t.t_is study.

"l'llis reporl, c(_lll,ai_s follr l_t_jor secl;ions. The (irsi; discl_sses l;he one-dimensiona, I

llytlrology res_lll,s. "l_l_etwo-(lin_ellsioIla,l I_ydrology re.suits, and con_pt_risons between one

ml¢l 1,wo dil_l_llsiollS are presellted in the secor_d se.ctiol_. The third sect;ion conta,ins one-

a._d l,wo-din_ellsiona, l sol_te tranSl)Ort res_lt, s obl;a,ined by _ss_ming pressure equilibrillm
I_etweel_ _,l_e fra.cl,l_res a,_d l,he _na.trix. Tile t'ot_rl,h secl, iol_ describes a, one-din_ensiona,l

d_a,I C_l_l,is_llll_ n_¢lcl _s,'d i,o ca.lct_la,l,e soll_l,e t,rm_sporl,, l tere, l;r_l_sporl, is cMc, l_lal,e_l ill

I,oI,1_l,lt_' t'ra.cl,,_res a.l_l l_a,l, rix. These res_sll,s are conll_a.red wil;h l,he equilibri_m restlll, s.



2 One-Dimensional Hydrology

'I'll<' on<'-<lilnellsiotta.l, sl,e+rdy flow a.na.lyses were w_-ql cle+t:ir_ed.'I_ll_' lllltll,-'rica.l <'o<1<,

I,I,IIVIA (ltul)kitls a,nd Ea,t,ou, 1990) wa,s usc:<l i,o cotnptlt, e i,lle l)rcssltre /i<;ld, lll+l.t,l'ix

snl,llr+d,ion, fra.cl;ttre s+d,ura.tion, w,al,er velocit, y iii I,Ile ma, I_rix, a,nd wat;er vcloc, il,y irl l,he

I'l'a<,t,lircs a.l, I;lle uoIlliua.I iufill, ra.tiotl l'&l;t:;of ().01 llllll/yr a,tld for l;h(-: pertttrhecl ¢'a,ses,

().1 a.u¢! 0.5 ))lm/yr. AI, a.lt,ertla, i,e soltli, iull Iii<' wa.s a,lso wrii, i,en for us<-, itl stll_setllt(:))(,

t,t'ntlSl)or(; ca,lculai, ions. The qtia,nCii,ies of ilil;et'es(, fi)r l,ra,ttsport a,re ina,i;rix a,tid l't'+i,('l,llt'¢,

<<lt)isr,<lt't;('otltsetlts a,rld flltxes. Minittliltn gt'otltidwal, er l,ra,ve,l l,imes, l:m,m:'¢loi_ i,he l'a,'.+i,c.'.+l,'

iil;ll.rix <.)I'ft'a.ct,ilr(;) a,vet'age line+a,rfltiid velocity, wet'c a/so ('+Onll:llll,e.d,

I,I.IIVIA wa,s d('ve.lol:_ed i,o eflicieni, ly solve a, I)il,rt,lcllla, r cla,ss i)f flow prol.ll<:_iils, '-l"]lc

is<,l+liei'iilal l)rohlc'lil involves the st,ca,dy ft<ix of a,ii ilicoilll-lr(-:ssil)l<;-'>Newt,oliia.ii tltlid l,liroiigli

a, t)ii<:-_lilllCllSit)lla.l (tOllla,iti oi sa.litlra,|,etl or l)a,rt,ia,lly sa,l,llra, l,(_(i la,yer,<-io[' i)ot'()lls rnedia,,

'I'll<, lil<'<lia, llla,y <;:otit,a,iil t'ra.cl,lire.s wliose lJroperl;ies va,ry ['roln l;lio,<-;eof l,lie ilia,lit'ix. "l-'lie

<:<)illl_tX<.;il,t'rllal,rix/t'ra,cl, iirc illo(lel I'el)re.setlt,a,l;ioli l;r('+a,l,st,li<' lllli,l,("l'ia,i _I,Sii. Sitigl<' C,()lll, illlllll/I

iii solvilig t't_l' i,lie l)resv;ttre field (l--'e.t,ers a,tid Kla,veiii,<_r,19<_4). 'l'lic [irsl,-or<l(,r <liffercill, ia,I

('(]ii++it,l()ll iI<,sirilliii,p4 Sli('ll a, [l<+)wis D_-l,l'cy>s e(It.la,t,i()rl, (_()ll,'-;('rvfl,l;iOll()1"llla,,"4S iS ('+llSllrt;<ll iy

i ll_' illll)<)s('<l ,'-;h'a,<ly-.sl,a,l,<,('+()li(iil,iou, a,iid l)a,rcy>s ('(lii+.i.l,i()li i,'-;a, slia,l,eill(:_lll, <.)[' iliOill(:iil, illli

l>_llall++('. 'I'll<, iil_llli('il, ,'-+ollil,iun I)roc.(-_dlire [)[)]I]I)F (,cg.'ii+l.illl)iiica,li(l Wa,l,l,,,..;>l{)80) llS(;,sa,
I,a.<'l,_wllr(I(llll'<'r<'lll, ia.l,i(>iifl.)rnliila, of orders one l,liroil_li [iv<'. Ii, is l)a,rl;iclila, rly well sllit;ed

t:o iii<' ,<-It>llllit,ii lit' li<_lililiea,r i)rolll(-,.llls, 'I"lie sr>e.cifi<,(1ttll× or ilifilt, ra,t,ion ra.l;e is a.ll inll)O,,.le<l

_'l>ii<lil+i_._iia,iitl is <:Oilsl,a.iil, l,llroli_}lol.ll+ l,h(' doiria,in. 'I'ti<+,i)l'(,SSllr(; field is c<.)ilil)lll,e.d liy l,]i(:

,<++tlllil,i<>ii ill' l'_i<!lla.rd,'..;'e(llla.l,iOll, 'File conve.rged ,_ollit;ioli a,l,soa,llows otit,1)lll, of tiy<;ira.l.ilic

<'tJli<lil<:l,ivil, i+.,+>,.<-.;a,i,iira.l,iotis, wa,l;(+rve.locil, ie+ in bol, li l,lie illa, l,rix a,n(i ['ra,cl, lires (i[" I)re,,.i<qll,)

a.ti_[ iililiiti_lttn-i, grotindw_l;<;-'r l,t'a,wq t,in-'les, Iii i;hese ca,l<'.tila+i,ions, l,lle ma,l,ri× ii+hd t'ra.c.l,iit'es

_il'<'1,rca.l,eda,s SOl)ama,I;(, corll;ititia..

'['lie average line.a+r+M+er w-;locit,y is l,lie Da,rcy li<ix, '+,,divide, d 1)y the a.rc'a, 1,ilroitgll

wllicil <,hewa,l:er n:low-:_s.It, is a,ssttmed l,}ia,l, l,he w_l;er lJre,'..lenl;a,l, residiial s_t)iii'a,llioii <_loe.s

li<ii. (:oril,rii->tll,e 1,o l;lie efl'ect,ive flow a,rea,. This forlllllla,l, iOli is |;_ke.n frOlll [)tid, ley, el al,
(lf)_).

[ , ]<,.,,+= : - A',,,v (+1,+ :+:) ,<+,,,<_ (_),,.,,,i,<,',,,_ ,%,,.) ,,,,,,,(,%- :,,,,,.,,.)

.,s= .: = _/<:. V(,l,+ :) { t ],,s(,_'s--,<"s,,.) ' +,s(,<+'s- ,5's,,.)' (_) "

Wll_'rt,

+t is i,lle a.vera,gelitiea,r w,l()cii_y,

I' is l,ll<' <lar0y \:('locit, y,

:4 i:.-;l,li(' sa.l,ilra.i,itJli,



,% is tl_(' residu_d s_Ltura,l,ion_

/( iu tile bull< s_l,tur,_t(:d conduct, ivity,

'(, iu rh(, pressure h(m.d,

z is the elcv_tl, ion, mid

7n, f &re subscripts referring I,o tile m,_trix a,nd fremtures.

• Tile det;dl('d str a,tigra, l_lly of era'li of the, four drillholes w,Ls employed. TIl(' (l_,lll_il,

,nocleled for eacll hole wa.s from tile given wa.ter ta`ble location to the, top (Jl' 1,11(,'1'1,1.-.

TM u11it. The nllml,er of |loda,I points _1, whi(:h the solutioll is to be ret)orte_l _l,,_':, ll(,t

_[[ect the a`ccura`cy of the computed pressures beca`use the DEBDF solver will c()l,ll,,ll.(' ii

solution ,_t subinterva.ls a,s needed. Only the subsequen_ calclll;_,tion of groun(lwal,_'r 1i_,,1

l,i_nes is _ff(_-',ctedby noda`l sp_cing beta, use ii; is ba,sed on average linea, r [t_i(l v_,l,,,il i(,,_

}ml,ween nodes. D)r the PAC, E l)roblems, the number of nodes raalged frol_ 2(;8 ([' I: :.'7,;,)

to 357 (G-l). Thes(: nodes were evenly spumed within ea,ch unit a`nd were a,l:)l_r<).xi_l_l_,l\

1.5 m _p&rl;.

The requested output qua,ntities are, presented gra,phically. Results fro_ _-_11Ilmr(,,'

irlfiltra, tion rates _l'e shown in ea,cl_ fig_re for ea,se of comp,_rison. Figure.s 1 1,}li',,_:!]l

4 show the l)ressuI'e hea,d profiles for the four drillholes, Tl_e simil_tt'ities iI_ II_l¢,li_,l

prol)erties between Holes G-I a`nd H-I _md between Holes G-4 a,nd liE-Zm,, _ts w('ll _:, 11_¢'

(lilferences in elew_.tions of the units, axe a,l)pa,rent in these figures. M_trix sa,t_ra.l,i¢,_,:; _','

sl_()vvn in Figures 5 throug}_ 8. Minim_lm sa`tura, tion wlues inc:re_se fi'o_n a, ra`l_;(' ,,l' it.;_7,

I,(, 0.65 for l,}_enominzd ca`se to 0.88 to 0.91 a,t 0.10 mm/yr _md 0.92 Lo 0.99 a,t 0.5 iili_/,\'r.

AI, ().lO mn_/yr, significant i_cre_,ses i_ fra,cture sa`tur_ttion o('cur in l**yers _I'i)I,-'i l)l, :_,1

'I't)I,-TN for ali holes (These _t_il,s _m-'_e_.sily identified _,s the ones h_ving a. _,,i_ '.,',,l,,
['ra.(:l._re sat, l_r_.l,ion in Figures 9 thro_gh 12 a`t the 0.1 mm/yr infiltr_tio_ ral,(:). :\1. {_.:,

ll_/yr, the t'ra,ct_re sa,tura, l,io_ it_ these units increa,ses a,nd ext, ends inl,()ii(-'i,ei}_l,_,lill,<

t_itil,s. Irl gelt(,ra.1, sat,_ra, Li(_n of the fr;wl, ttres occurs whe.n the infiltra, tion ra,l,e ;t.l_t)l',,_t,il,':,

l,}_es,_tura,l,ed _n_trix conductivity of a. rock unit. Wt_ter velocities in the ma.l,ri:< ;_l_({i1_

l,l_(',fr_tctures _t.re shown in Figures la through 20 (positive va.lues indic,_l;e a` _l()w_w;_l,l

v(_l(,city). Tre_(ls in w_ter velocities witl_in _ unit _re more difficult tc) predi('t. 'l']l(.v ;_I,

a. ['l_lcl,i()_l of two nol_linet_.r q_a,nt,it, i(;s, the. flux ,_nd saturation, a`nd vary ov(,r (_r,l_.l,_ ,,

Mi_li_l_l_ grol_dwal, er l,ravel tim(-:s, 1,_sed on the fastest (ma`trix or fra.(.'.tt_r(');_v,,l';_,,:

I _,;-_,r tl_i_l v(,l(,cit,y, were _dso c,()llll)tll,('_l &lid a,re shown in T_ble 1. The travel l,illl,,:; _;,,,!,,

I'r_ll_ a.1)pr(_xil_tt,ely l!),00()I,o 5,(}0(1,(}{10yr.



Table 1. CROUNDWA_'EI{ TRAVI_L TIMES (yr) FROM 229.4 1_ AI3OVE WA'I'I:;I{.
IABLE

llole q = 0.01 mm/yr =0.1 mm/yr =0.5mln/yr

G-1 5.0 X 10 6 5.3 × 10s 1.9 X 104

1|- 1 4.6 × 10_ ,5.2 x 10a 2.9 x [0 4

G-4 ,].2 x le':; 4.0 × 105 1.9 x 10'I

UI:2,-25_L 2.9 x 10_; 3.0 x 10s 3. ; x 10'1

,,11



3 Two-Dimensional Hydrology

[ll,',-25a. xw;r_,,.:alc',lllatc,dIIsillg I,I1_sillgl<' IJlia:;_'wq'sioll (N()I_ lA-SI _) of tile fillit¢_-¢;le,lll<'lJl
, t, _:o_1_'solv_'s 1,11_]lolJliztetLl',l)_Lr_bolic.,l_a.ri,i_l,l¢:o¢1eN()I_IA (ll_l)kills ¢1 (d, 1,),11). 'l'llis

ditf'ere,ntia, l e¢llia.tioli (l>_idia,rdseqlla,i,i_ll),

OI )

(:"-D-i.....,,--7,(/,rF') - o,

W [l _,1"(:_,

(7_,is Llie n_oisClir_'ca.l_a.ci(,a.llce,
P is the elfecl_i\,e l_ressl;,'c pq('l/,-Jr z), ;tll_l

ti is Che by,ira.lille _:<_ll<lucl,i\,il,y.

Steady-sCa, le sollitions a.re ol_l,a,ilietl by ca,lc_ll_l,ing a, l:ra,lisie,lit solution to rea,cl-ia,
sLeady st,ate. The nui_crical I)rOc.e,dlire lises 1,liesta,n_la,rd (la,lerkin finite element; mel,ho_l
l,o lla,ilclle Sl)al,ia,l _liscrel,izat,ioll of l,wo-._lililensiolla,IdovnMl_s with either pla,litu"synimetry
or a,xia,l syilil,iel, ry. 'l'illle, ili(,egra.l;ioli is i)(:rfornle_l I)y a, second-order 1)redictor-cox'recl, or
sch(_me l,ha,l, lis(._serror esi,illla.L(',sLo _r(l,itist,Limc_-step size, _ull,Olnatica, lly to mMnl;Mn _lni-

['iii'iii l<lcal t,illl(' l,rliliCa.(,i()ili,l'l'()r thrmlgho_ll, l,lle cMclll_Lion. Thus, the user is not,i'_c(:,lulre_l'

I,_,s_'l_'cl,l,illl_'-sl,_'l_size'_;x_'l'l_l,a.l,l,lll, lirst l,illie sl;ep. Nea,fly a,ll nia,teriM prol)e,rf,ie,s_sllcli
a,sl_q'lilca.l:,ilil,y,ca,n i,il,ll_;i"1_,set, I,o_'.oilsl,_ml;wl_illes or cgtn lie defilied t_sfunctiolls of l,lie
_l_'l_elldelita.ll_lil_tl_'l_e_l_lel_l,wl,ria,l_ll,s Ity liser-sul)plied subrolil, ines.

Niiii; _lilI'l'l'eli(, lna,l;{q'ia,] regions were colisidered. Tile geolne, try (:ii' t,he In_LLe,ria,] olll,-

lines is givell ii1 lPigllre. '21. Ali of Lhc llla, l,oria,] la,yers defined ii1 Llie, t)rol)lenl defillil, iOli

ol.il;lilie were, ii,.i,d downs, tlirOl_lgh l,he "l't_t-'l_Nla,yer. 'Fhis is it [a,yer i,ha_LresulLs iii a4)pre-

• " e"" c, been lulnl)ed l;ogel, ller l).yciallle la.tera,1flow. The iiilie ltw(,rs 1.>elowlill<_l,ilil, -,i[<l,..cll_ve

a,V('l'a,giilg Llio ma,l,(;ria.]prol)erl,i(;s I,o resu]l, ill a.siligle ]a,yer. II, was felt, i,ll_t Lile illcliisi()ll
of i,hese I_tycrs,,solnt' of wllicii a,r(;less l,lia,ii I 111l,llid_, woliid _Md 111111(.c,''e,ssa,l'" -y (,oilii)]'" e.,xil,y'
l,(J (,11(' ])l'(J])](_lll a,S l, liese la,yl,l'S (lo ill)l, Va, l',V a.pl)r(;cia,bly iii l, lleir liydra,ulic t)rol)erl,ies. A
l,_l,alo1"1,2(i0(llla,_lrila,l,erMeltqiieill,s w,t_i'elis_,ll (l"igllrl; 2_). A sl,a,l;icillil, iM c,otiditioli w,:l,s

lise<l (l>=colisl, a.lll,). 'l'lie riglil, a,l:ldleft I_olill_l_tril;swere,Sl)<;c.ifie(l1,obe zero flux bouil<l-
a.ries, The I_ol, l,oili lJ/,l_/la.l'$'.Wa,Shel_l a,t a.pore presslire.,of zero Ine:.la.l,""s I,o represenl, t,]le

wa,l,er l,able. 'l'lil, l,Oll l,olili<la,ry wa,s lield a,l, a, specified liili['orln ilitill, r_tioii flux, 0.01,0.1

.. a.ll<l I).5 llllil/yr.

k l)lJroxiilia.ix,ly :1(li/AI' XM 1>]I()III'S W(;l'O r¢;rlllil'oll 1,ol'(_a,(:h l,ll_;stetMy-st_d,c:coli_li--

" 1,i(>11 I'(>I" l,]il_ ().(}1 llliii/yr ca,s(_, l0 ]iOlll'S for l, lll' (). 1 lilil//.7r <'rii,S<' a.lid _l)proxilila,l;el,v 3() Iii'

Wt,l'(' i'(,(lliii'('¢l 1,<>(_tll,aiil a, _illa,si-sl,('axly sl,a,i,l' slJiill, ioil for l,]i(' {).F) llllll/yr ca,se. Ill l,]iis <'a.s<',

l.]l(' ]Jl'l'SSill'f' Slillil,ilJll a,1, l,li(' ]ilia,] l, ilill' (7 X li) i7 s) ('¢)111,i1111('<[ l,(I <>s<',illa,l,l'slig;lit,ly wil,tl

l.illi_,. 'l"llis _>s<'illa.l.i<>llal)li<'ai'<'_l i.<l lla\'<' ii<>al_lll'<,_'iai>l_, _'[['<'<'I,(>ii (,li<' lil(lisi,iil'(' sa,l,liral,i(>ii
'FI_]iSl, l'iillil,i(>ll, ]liil, ,li<l sliglll.ly illl'l'('l, i,]1(' I'('Sllil,illt_ v<'l<><'il,/_lisl, rilJlil,i<>li, i<' c(>lill)lll,('r



t iIIl_, rc,_l_lir(,l)l(,ill,sin('rvase for tile lli_ller illtill, ra.l.it)ll c'a.sesI)e('_lls(,(>t"tile, ;iii(Ill ii)ii;li t'r;,_-

II_r.)_t_ :2(isl_(>_,,,i,ll(, slx,ady-si,a1_enla(,eri_l sat,liratioll l)r_)fil('._I'r_)l_i,l_(,w_t(,r I_1)1(.Ii) Ill(,
I()1)()1'iii(, _'()ll_l)ll(,(:,(lre_ioll for (,he 0.0l a)l(t ().! Illiil/yr ca._(,.'1'1_('._('(li._l.l'il)lll,i()lls a_;r(,(.

II(,w. ill(, lw()-_lil)l('ll._i_)lla.1calcl_l<_,l,io_l._sllow a ._li_lil,l.v (lry('r I)rotil( ' I)_,l()wIii(, '1'1)('i'N\/
,._Ir_l_ill_;,t !t_)1_'(;-.1 _tll(I a wetLer prolih' iii i,lle (Iowil-(lil)_liI'(,('l.i<)ll, iI_)1_,l'l'] '._.'_(._(.(,
I"i_lll(' '21 l'_.rill(, I_)('al,i()u._of the l,he _;<_'<4o_;i_'I_Lv(,r._).'I'll(' \'('rr ii'al l)ar('y tlllx _(tw()

(lh Itllll/.vr ,'_._(.._.'l_l_(,r_, i._II_)apl_r_,_'i_l_l_,laix,ral II()w al)()v_,ill(, 'I'I)(-'I'NV ,_lrala,, II(,li,w

l_I._,;_,i()ii fill, <l()wll-(lil) ._i(l_'(as ('ollll)ared (.()(lie lll)-_lil _._i(l(.). '1'11_' wai(,r v_,l..ily w.(l()l'_

i l,_'I_,is r_'lal,ively li(.(,l(' wai,er _li\,(,i'sioll (,llroli_;ll (.Ii(, r('_4i()llal)ii\'(, ill(, 'l'l)i, 'I'N\/ layer. /\
(,,ll._i,l('I'al)l_'_llil_)lilll,of lal,era.1(liversion _)t"(,li(' illlil(,n_l,ill._;w_m,r w_ls _'_,l_'lllal,(,_lIii,low

i lii._r(',_;i_)Iievell l'_)i"1,helow illfill.rai_ion ca.s(,(0.01 Innilyr). 'l'lli,_ is l)(,('a,llse (,Ii(' ._l, llra((,_l
, ()Ii_lli('ii\'ily l)('(,w('('Iila vi'rs (lilF_'i',_l)y (i or(ler,_ (if lli_,_lliili(l('.

I( al)l)('ar,_ (,lia.(, t,lie (i-Ol'(ler varia(,il)ll iii lly(lralili(" ('l)li(lll('(ivii,y I)(,(,wl,(,li (,li(, 'I'I)(,-'I'V,

'1 i)1, I'N\/, ai iii TI)I,-TN ]a.\'(,rs is l,h<, (lOillina(ili_4 tl.V(il'a.illi(' ['(!al.lll'(' wtli(']l a.ll'('('l,s i,lies('

,ai,lillll i()llS, l']al'lier slli<li(,s (lOll(, li)' t:)i'ili_lle allll l l()iil,:ili,_ (I f)_!)) sll<)w a.._illlilar (liver,_i()ll

l)li,,il,)lli(,lli)li wii('li l,ll<'7.,'coilsitlel'ei[ i iii, Tl_l'-B'l'/'l'l)i,..Tlkl iill.('l'fa('(' (l.]iis i,_ <)lll,si(l(' <ii' i,ll('

,I,)lliaili II.<<('(Iiii i,liin _(,ll(ly). ']'o olil, aill realisl;ic' ('ai('llial, i(iil.W,(,ii' i.li(' liy<ll'()l()_i(" lial, l.('l'ii,w, iii

iii(, iil()illllaili, ii will 1,<, lie<'essa.i'v 1,o iili(l(,r_.;l, ali(I a.ll(l tir('(li('l. <li._silllilar i'('_i()ii,_ .slicii iis

1'1_(. ,,tl(,('l ()f _;<'<)l<)_;i("(.lip Oll l,ia.rl,icle i,ra.v('l l,iiil(,_ i,_ Siillliliariz(,(I iii '1'_t,1(''2. 'I'll<'

lr;l\',,I l illl(,:< ('ali'llial,(,(.I lisin_ Olie-(liinelisiona, l <((;oilit'l.i'v al, (lie (l-,l a.ii(I l}l']-7,_a ll<)l(',_

/ii'<' ,'_]i\'('11 t'<)r ('(llllt;,iaris(,ili l.)lirl)ose, s. Nea.r l,he riglit, l)ouiicla.r.y, (ii' (.l()v,'ll-(li I) si(li,, I)arl, i('l('

i lllv<-I i illl('s ('_ll('illal,('(l for (,het,wo-(linii',nsioila, I (',a.s(_sa,l'(' sli(irl,(,r l,lia.li i.]i<,<)ii(,.-<liili('lisi(Jllal

,',il,iil;lli()ii,_ I',)r i.l,(' l!l,]-2ha }lo](', (._V('II l,]loil_li i,lil' I,ia(,]i,_ i1,1'(,('()lisi(l<,ra.l)lv I<)li_(,r. 'l'tl('

:_lli;lll(,r l illi(,s i'(,,_lili. ['r()iii l,]l<, ['ac(, i.tia.(, (;lie (Iowil-(lil) (li\;('r_i(:)ii iii('r(,a.s<'s iii(' aill()iliil ()['

ll<l( I iii(' II<,w ;i]<)li_ l,ii(' ri<!4lil, I)ollli(la,ry a,li(l ill _(_iii-,ra.]> lia.i'l,i('l( , v(,l()('ii, i(,,_ iii l'i'a<'l,ili'<,,_ al(,

;.it>.li Ii<_ll I1\' I;ir_('r l,]lali I,iarl, icie \,'eloi'ii, ies iii llla.l.,rix.

iii _ I ,';l_,<,._.l.ll(, i i'_l\'_,l 1.illi(',_ calcllla.Le(I lisill<7 oli(,-._lilil(,li_i(llial i_('<)iil(,1.ri(._-_al(, wil.liiii

, ! t,,l ,[ IX_.,, (,t" lll(' lilll('_ calc_lla.l.('_[ IlSill7 l,w()-_lilli('ii_i()lilil ,_;(,()ll_,'l.i'i('_. 'l"]ii_ a.,f.!;l'_'('-

lib'ii i_. >.,,ill('wli_ll (l()s('l' lliali <iii(: lili_lli, l ll'_'+li<'l, rr<)iii ('aslial <)l),_l,l'vali(Jii ()t' I.li(, lial,]i]iii( ,

!.'l <tlli('l i'i('_<. 'l'tii,_ ._li_llll(I Ii(,it, lie (:(,iiisi(l(,l'(,(1 i,h(' Ii()rlll ['(,ii ali s('('lia.ri()_. Iii i.llis ('_l.s('>l.]i(,

l_,l,,ri,I ,liv(,r_i()ll, ali(l i,ll(' r(_slilt, ili_ swi(,(:li i,() ['ra.<'l,iir(_ tl(,iw, ()c('lir,s lialf wil.$'(l()wii i.ll('
_il,'.<.li, 'lli('r('l'(,ir(', (,li(' (,ilil(' r(_<lllii'e(l I()l,l'a.v(H's(' l,li(, ill)l)(,r 1)(irl,ii)ii (ii' iii(, ili(,.<-ill in liit,r(il.v

.t<'-;,t)._ll()w lllli<']l iai'l_i,r (litl'('r('ii((,s I)(,-(ti;ili_.).,,,,I. 'I'll(, r(,,<.;llll.s (if ])rill<ii(, a,lifl l[(Jl)kill,_ (l ( '(

l,v(.,,ll (,ii(, ail(I l\v,,i-<liiii(,lisiolial fl(iw Silil_lll.i.l,i()ll.<_. Iii i.li(,ir l)r(,il)l(,iii, Iii(, I,i,(,r_l.l +liv(,r,_i()ii



oc'¢'llred above l,he reposil, ory, a,lld l,lle e.rli,ir¢, flow li¢'ld from t,he reposil,¢_ry l,t_ l,lIc, xx,_l,._
t,a,l_l_,w;_s Ject,_,d.

• i" 'I" -"'Table 2. TRAVI.,I., IMI:.,S(yr)F()I:(,ONE- ANl)TWO-DIMENSIONAl,

(',EOMI!:I'IilI_._S(SEE FI(_UI-U_32 FOR, PATHLINE LOC,A'I'I()NS)

Pathline q - 0,0i mm/yr = 0.1 mm/yr = 0.5 mm/yr
Loca,I,ioll

t[ol(, (I-4 ,:1,:2x 10_ 4.0 x 1()'5 1.9 x 104

(1-I) resull, s)

a, (2-I)) 6.4 × 10_ 2.7 X 105 2.2 x i04

b (2-D) 2.3 x I0(_ 1.6 x 10'_ 2.1 x 104

(" (2-I)) 1.7 x l0ci 1.5 x 106 2.7 x 104

(1 (2-i)) 1.5 x 10(_ 1.4 x 105 1.9 x 104

Hole UE-25a 2.9 x 106 3.0 × l0 s 3,1 x 104

(1-D resulLs)
L



4 One- and Two-Dimensional Single-Continuum Solute Trans-

port

Tile two-dimensiorlal finite ele'nlent code IeI':M'I'I{AN (Ma ri.il_,,z, I!*,":.:,)was lls(,,I I,,,

('ol_lpllte the transport of solutes, using til(:, sl,ea,(ly ()lie- all(.] tw_, ,liIll,'l,Si,,rb;,I II(Jw li_'l,ls

c()ml)llt, e(l with LLUVIA and N()RIA-SP, respe('l;iv(-'.ly. FEMTI{A N is ;_silav!,' ,_,lJl iwl,l,ll_,

lllod¢'l aIld Ilence cannot use the sel)a.ra.te ma, trix a,ll(l fra._,l,llI'e tl,lx_,s c:_,llll,tllc,,I I_y l.ll¢.

Ilydrologic codes, both of which assunle t'racl, lire allyl ll_a.l,rix 1_oi'_, l_r,,ssllr_, ,',lllilil,ritlIIi.

Tile two flllxes were sulnmed t,o t'orln tile siIIgle-collt, illlllll_l t1_1×,ts_',l i_l iii,' I"I",N'I'I'I{:\N
si_tlal, iot_s.

13otl_ o_le- and two-din_e_sion_.d solutions were _:ollll)_lt,('(I wil,l_ l"l';h.l'l'i¢ A N il_ (,l,l_'r

I,_ {:oiyai)are _litrerences in _timensio_ality. 'I'he next se(:l,io_l ])r¢,s¢'lll,s l'_'s_ll,s ¢,l,l,ail_',l wil,l_
zt _i_e-{lin_ension_d dual co_tinu_m code tha, t a.ccou_lts for tl_-', il_creas_',il ('ra.{'l,l_rev_'l_'il,i_'s.

'FI_¢'o_le-_iimensional results obl,_ti_ed with leEMTllAN are a,lso _,_ll_a.I'_,_l I,_,iI1_' liiIliti_g

l)el.a,ils ot' the l,ra,llspor{, e_lUatio_s solved I_y I'_Ii;M'I'i{AN a._t_ll,l_,i_' _,rical l,r{,al..

_t_odel is displayed below:

O( 7 0(7 0 ( i)(;)(O+p_lfd)_+'_'ioxi i)_i Ol)iJ&_--Ti +A(O._..-p,_h',_)(' .....I}, (,I)

\V[IOI'('

0 is l,h¢; moisture toni, ehi;,

p,_ is l,l_e bulk rock densil, y,

I(,I is 1,he dis'crib_tion coe[:[icienl,,

Dij is the diffusion/¢lispersio_ tensor,

is t;he ra.dioactive (_leewayconsl;a.nl,,

C' is l,l_e liquid solute co_ceI_tral, iol_, a.ll¢l

_,_= -K(_/:)VP.

llepea.t;¢'d indices denol, e sit,nination, q'll_ dispersio_/diffusiol_ l,(_lsor is _l¢'ti_l_'._ll_y

Ol)ij = a,rv -k 0 (5ii-F (aL -- a'r) vi'l.,j/v , (5)

W[I('I'('
1

"C'--=- (?_i't.'i)2 iS (,h(-? l)_rcy flux n_a,g_liL_d(,,

l)* is 1,lie sol_l,e dith_sion co¢,flicie_ll,, aJl{]

(zL a._(I ",'z' (t(;_ol;e Io_lgil,_t(lil_al a.t_(l t,ra,llsv(_rs¢, (liSl)(.,rsivil, ies , r(,Sl)(,cl,iv(,ly.



I:I'_M'I'I'_AN Ils_'s I)ililleav 1,asis t'llllc(,i()llS (l('till_'d Oil 2X'2 ¢llla,_lril_m'ra.ls for (liscrel, izirl_

(iii(, Sl,_lial t('rllls it_ (l_(' t,r;_ljsl)(,v(. _,¢lxla.l,ic)ll via (la l(:l'l<il,'s nlei, llorl (,f w_'ip_;llt,_,_lI'('sirl_laln.

l!.lt'IIIt'lll c'al_'llla(,i(,ll (,t' (,ll_,('()('ltir'ii'iii, llla.l,ri_,t,s art' ct,ll_l,lll,_,_l wi(,l_ ,1-1)oii11,(la, ltss-l_'_;t,_,lr_,

. ¢lll;ulral._r('.'I'I_(,r(,s_ll,i)l_sysl_,ll__,I"_,I'(li)_;try_lill'(,v(,_l,ia.l(,_l_la.i,i(,_.sd('s('ril,il_,_l,l_,l,i)l_(.

Iiit,l',l(,vI.(,_is('I.I_(,l_>'tlvt,l(,_,icli(,l_l.s_;_'_,wm'tll,yI,I,IIVIAa,ll(lN()I¢IA-HI'l'(,r(,I_('

'I'I¢AN. A (va_slali()ll s_ll)v_(,i_(, was wvil, l,e_l t'_,r I,I.IIVIA a)_¢l N()I¢.IA-,SI ) 1,o t'I_a,l,l_'

_)_11.I)_11,ill l"l'_M'l_ICAN-c(,I_l)alil,l(_ ft_r)_lal,. 'l_ll_, co_l)lll, a,l;io)lal (loln_ii_ i_ I_ot_1_1,11_'oll(,-

all_l lwt_-_lil_t'll.si_,_al sit_lal, iolls illcll_(letl 1,lie regiot_ bel, wee_l l,lle rt,l)OSil,ory a,)l(l 1,11('wa-

l,(,r l,al)l('. Ali 1-1) si_l_la.l,i()iis were alollg wt,li (:-4 a._(I i)_cl_¢led ali 1,lie I_Lyersdescril)(,_l

irl i.l_e I,I,I_VIA si_l_lal,iolls _lis_'_lss_'_learlier. '1"11_'2-I) ,silnl_lal, ions )l_o(lel(,_l 1,1_(,I,lall;_r

n)('.sll for i.ra._iSl)ori, is l,l_(<,li)_(-,(,xi.t,t)tlii_g l')'o_)l(,l(,va.(,i(.>l_!)(161))a.(, (_-4 i,o eleva, i;io_ !)03n) a.(,

I Il,',-E.Sa, s(,(, l;'i_'t,s '21 a._)(l 2'2. ll(,calIs(' (,l)(_r¢'l_OSil,()ryl_t))'izt)))resides i)l (iii(".TI)I:-TMI,:

l.l)(, ('())_)l)_Itat.i(_)_al)_)('sl_ i))('l_(l(_'s i,l_(' l)a.ri, of i,l)is _)_i(, (,lla(, resitles l)(,low the reI>t>sil,ory

iogel, l)er wit l) (,I)('r(')]_a.i))i))g l_))ii,s sl)owu i)_ l'_ig_re 21.

l"()r l>(_i,l_l,l_(,()))('- a)_tl (,w(_,tli_e)isi(_l_al l)r¢)l)le_ns, zero-flux l)o_))da.ries were Sl)ecili('(l

_l(>))g 1,I_(,v(!,rti('al si(les of (,l)e)_('sl) _(.I (,I_-;c.o)_cel)i,ra.(,iou w_s specified a,s zero a,lo_g (,l)e

w_.l,(,r (:al)l('. 'l'l)is lai,l,(,r ('(.))l_li(,i_)_)n()(lels a._ i)_fi_i(>(:(lil_(,io)_ of sol_(,(':s (,r_mSl)Ori,ed (,o (,I)('

x_'_(,(')"(.a.l)l(,. A "I_()I)i))" (_)ix('(1) l)ol_)I(lary co)_(Ii(,i¢))i, (:q_lal to (>Ii(:)clc;_,",'s,( ra,Le provide<_l,

w;l,_ al)l_li(,d ai. I,I)(' l)l)l)(,r l)t)))))dai'y i)_ i,l)(' I-I) ,_;in_l)latio))s. 'I'I)(_ I'(:l(:.:a.se ra, Lc: wa, s ;:List)

Sl)¢'('il'i('(l a l_)))_ (,I_('tirs(, (i80 I)_ (al())_g (,lle 1oI) ) oI' 1,I_(,(,w,)-dil_e_sit)_la, l mesh ex(,('I_(li)l_;

l'rt)n_ (',-,I, wii;l) i.l_e r('))_aindt, r Sl_(,cilie(l a,s z('ro-llux. Iu order (;o ol)(;a.in cOn_l)_ra.l)l(-:
c'o)_(:(,)_i.ra.i,iolls l)t,i,w('e:l one- a)_¢l (,wo-tli)))(_nsio_la] res(Ill, s, i;]_(:'_ .](.a.s(>faA,es we.re•(...... con vt:rl,('.d

(,() l:l_x l'_c(,esl)y (livi(li))_ (,])(' (,()(,a] i( It,,_,, ra.(,(,,sb.V (,I_(:'r(:l:)OSi(,ory area,, 5.61 x I0 _ m_. ' , :,, ,q(,

Tl_e (,wt,-,linle_sio)_al c.a,s(,s we.re )'_)_ (,I)(,h(' (.IRAY XMI ) _))_I required a.l)ol_t 4 CI'[I

(',l"l I ))_i)l_(,(_s,

i}(,for(, l)r(,se)li, il_g (,I)(' r(-_sl_li,s,ii, is il)sl, rl_cl,iv(_ l,o (:,si:il_a,i,(,(,lie r(_sl)()llse (,lla.i, is (_x--

i)('('I(,¢1. '1't_, t'(,ll(,wi),_ (,(tll_l,ioI_ (_sl.illlai,(,s i,ll(, av(,ra._(, ((,)_('-(lil)l(,l,si(_l_a.l) a,dw_c(,(,(l(li_
(.a.)_c(,t.l_a(.(,I)(_sol)ii.(' will i,rav(-,l il_ a,Sl,('citi(_(I (,il)_('.p_,rio(l 1.( 1()0,()(}1}yr for (,llis ('.si;il)_a.(,(,),

gi\,.'(,)__t)) i)lfili, ra(,i()))rai,(, _,:

1)/,

X,.-- (_;
(o--I-/.,,,IC_)



,'_,tll_'lll,C,t"().'2a,ll_! a, Ina,trix density of 2.0 g/ct a,II_! a.r_,l)r_'selll,_l ill 'l'a,l,le 3. lq'_,lll l,l_is
l.al_l_',w<,se_, tha.t oilly the noiire,_wt,iw: ra,diowlucli_h'.s(h'd --O) a,rea, clvcwt_,_li,c,l,ll_' wn.l,_,r
lal,l_, (ali X,. vMlle gre_Lter t,ll_m 230 m) wil,hill tile l O0,O00-yr t,iIlu' Imri_,_l,a,ll_l tlla, t til.in
iS cJIIly lmSSil_lefor the 0.5 mm/yr infiltr_tion flux,

'l'llese estilnates _Lssume theftthe solute, is di, trtl)ut, cd I_c,tw .,ii tire. n_

t'ra_'t_lr¢'s,which is consistent with the assumptions in tlm FI_MTf{AN cMcula,tio_s. 'I'1_¢_
¢'sli_lla,l,¢,s (aJ_¢l the, Ie[BMTRAN cMcula,tions) will be &ccur_t,e wheli l;]le flow is tl_rol_gl_
I t_¢,ll_a,l,rix sl_l_syst,em or when very good coupling exists t._e,l,ween the _m,l,rix tu_¢lfra,t'l,l_re
tl_w sl_l_sysl,¢,ms. The sol_te ma.y be a.dvecte,dfa, rther whe_ fra,ct,ure flow exists a,nd tile
_¢,_ll_li_g;is w¢'M<.Tl_is point is investiga, ted in the _ext secl,io_.

Ii. is itlsl,r_lcl,iw:: to cornt)&re this model of the &dw_cte¢ldistaa_ce t,_,o_le, l_ase_l oil a,
_,,1¢'1 si_ila, r to l,lle one used in Section 2 to ol)ta,i_ mi_im_ gro_ldw_l;er l,ra,w::ll,i_m',s.
'l'li_' oi,violas ,liffe,'ence is the _tssu_ption m_de, in Sc,ct_on 2 l,l_t_tthe solute', pa,rl,icle is

_,1, r_,a.cl,ive, _u_dwill choose the fastest loom t.)_th (througl_ the t'&stesl, flow subsysl;e_n).
1 ,i *A I_'ss obvio_s difference is the use of the residuM s_tturt_tion l)_ra,meter i_ Sccl,_o_ 2.

ll_ S_,cl,i_ 2, l,]le residual saturation level is implicitly _tssu_ed to _ct'")r:,,_:,_l,es_ det_d e_d
l_or_'s. 11,is Mso _ssumed that the solute rna,y not diffuse into these, detM end pores. This
i:___l_sisl,e_lt wit]l tile intent of obtM_ing _ minimum groundwa, ter trtwel l,ime; l]owew::r,
il I_ay i_ol,be rea.listic whex_ considering solute motion in _ 100,000 year trtmsient. In
t.t1¢'_,slii_la,l,e I_rOVidedhere, trod in the nunmrica,l cMcult_tions in this section the solute
is a,ss_med to be distributed through the entire moisture content of the dora&in. In the
_n_,t'ica.l ca,lcula.tions of the next section, the solute is distributed through the entire

_oisl, llre contel_t of erich of the two flow subsystems, but the coupling between the flow
s_l_s3'ste_ns is explicitly modeled.

'l'al,l_, 3 estin_a,tes only the distlmce Lha,t the ave,ra,ge solute ion woul(l t_dw_ct i_
1(10,(}00yr. The diffusion/dispersion of the solute will result in some solute traveling

t'arl,ll(q' and some not as fa,r as this average distemce. A diffusion/dispersion distance cim
also I,(' (:stitl_a,ted to determine how much the solute cim wu'y from this ave,ra,ge. This
_litf,_si_,I_/_lisl)ersiondisl,m_ce is estimated from the following equ_tion:

Xd = x/2D_* , (7)

wiiere, I),. is tlle effectiw!', diff_lsion coef[icierit, estilni_te,d here, to be

(O,,_l)*/r,_+ c_Lv)
= (s)+

I1_,, I't'_'lvl, l_I_l-,_,r is formed. Wl_en the a,dw'cted disl,_ulce is _lse,l a,s t,l_e I¢,llgtll sca.lt,,

l0



(,II("l¥.cle.t number is found to be do111:.)le,the st|llg-Lre(.)fthe ra,tio of Lh(.'. _L,Iv('('(,('¢l (li_t_,),,,
(.)v('rtile diffused dista.nce:

" 2

Pu = V_Xc _ 2 (,))
De XdJ ' '

,e

wllere _( is the effec,tive velocity

X c , ,o
v. = -- = (I())

t (0,. + p,K ) '

Note that this Pec:let number is based on the advected distance. Bec_mse t.llis ells-

rance increases with time, all tlows are advection dominated in the limit Hf large (,i)ll_,s.
llowever, as shown in Table 3, many of the flow conditions considered are dominat('.(l t)y
diffusion, even for the 100,000-yr transient considered.

lt is instructive to examine the Peclet number in the limit of high infiltrations, litr(,,

the diffusion/dispersion coefficient is dominated by dispersion and tile Peclet nulllber l,as
a very simple form

vt X_
PE = -_ -- (11)

The above equation demonstrates how higher retarded solutes will show more (lifF_l-
sire motion than advected motion. This will be shown by example in all flows, not ol_ly
the ones that are dominated by dispersion.

Time-dependent source terms for 1-129, Tc-99, Cs-135, and Np-237, for 6 cases, al'(.
given in Figures 34 through 37, respectively. Each case represents a different release sce-
nario. The first four cases were provided by Pacific Northwest Laboratory and represetlt
varia,tions of the continuous liquid diffusion release. The last two cases were provide(I
by Lawrence Livermore National Laboratory, and represent a liquid drip contact. Tll_.
different cases can be reclassified into two distinct sets. The first set, which is illustra.t(_l

by Cases 1, 2, and 4 in Figure 35, show a steady release over the 100,000 yr traa_sie_t.
The second case, which is illustrated by Cases 3, 5, and 6, show a quick pulse re.lea.s(,

• (relative to the 100,000-yr transient). The computed results of cases within these tw(,
sets are w:'.ry similar, so only representative results will be presented. Simulatio)ls for

. 1-129, Tc-99, and Np-237 were computed with FEMTRAN for several variations of 1)a-
rra)reliefs. Only a limited number of parameter variations were considered; however, (,li(.
vari_tions were', chosen to be representative of the entire parameter range specified f(,r

(,as(.s 3 a.)l_lPACE. In particular, only two different release rate cases were considered: ' •
4. l lmse two release cases are fairly representative of ali of the 6 cases specifiect. ()),('-
_limensional solutions were obtained only fox"the 0.5 mm/yr infiltration rate at llol(.. (l-,l

11



Table 3, C,()IvII:'AI_I,'q()N ()1,' AI)VI,;("I'I()N ANl) I)lFl;'lJ,ql()N ()1,' ,'.-;()1,[7'1'1,',

................................................. 7.,._".s.22 7..'-_'.'.7 _ z ..L-S'; "_;;T2-.,TL--'S..2£S_s-_.'_222_. ;.

Infill.rati_)n Ral,e lq<l .\'<. ._'<1 1'1,;

( nllil/,VI') (111) (111)
w

0 5.00 27.0 ().0(i_
0,0l l 0.,155 _. 1 0.00(i

10 0.050 2.7 0.0007
100 0.005 ().NS 0.00()1

0 50.0 <10. 3.07
0, l 0 1 <'1.55 112. 0.2_

10 0.50 ,1.0 0.030
1O0 0.05 1.3 0.003

0 250. 75.0 22.0

0,50 I 22.7 23.0 2.0

I0 2.,I_4 7.,5 O.2'2
100 0.25 2..I 0.02

ISilig l,ll(' liy(Irologic field ('cillil)iil.<'<l wii, ll I,I,(7\'IA_ wlli<'ll ill<'lll(l('s ali lll_l.l,(:l'i_l,lI_/,,v('l'_.

'l_llis ilio,sti incllided 188 <'l-iicJ(lc'c'lc'iii('iil,_ I)(,I.\x'<,c,iii ll_' wlll.t,r i,lll,lc, il.ii(l l,lic, rcl)osil,c)r/.

'l'w()-(lilli<'ll,_icJii_l.] sollil, ic)iis wt:r(, ()l)l_l,ili(,<l I'()r iii<, l).{)l, li.l; ii.ii_l ().5 illill//),r iilfill, lwl.l.iiili

l'ill,¢.'$, A,'-;lliS('llSSt?_(Ioarl{c'r, 1,lie l,w<i-iliillcllsi<)lilll ii1('_11iis<,(l wil, li I"I",Ik;i'I'I{AI'4 is _i,,_illl,<;<'l.

)t' l,lic' ill(,sii defilied foil' l,lic; ]l)'_ll'c)lcigi<' sillilll_il, i<)li.s li,sii!_ N()I{IA ,ql', 'l'lic' l"l'lk'l'l'l_AN
iit'_ll ill('lll<l('_l 770 (,l(:,lll<,lll,__l.li(I 775 lit,dc' l)<)illl._ ll('l\vc'('li i lie' W_l,l,c'l' l,_il_l<'itli_l 1.li(' I'<'l)<,,<_

i,,r)'. 'I'll(' I)lli'iliil¢'l,('rs iis(,_l iii l li(, i"li)lk'l'l'l{AN ._iiiliil;ili<,lls ;il_' Ii,<_i,,,Iiii '1'_1,1,'I I',lr t li_.

ilill iix I,<ll,'.<;. 'I'll<' l,til'lll<l,,-;il.v(1) \\'i'_ il:4._llill<'ll ill_l_'l><'ll_tt'lll, _>l'l,ll<' ,<;ii.l,lll'iil.it,ll I<'\'<'1_ili'l

t / \_.',i:<;l,_'.Sillill'll _'<tlilll l.t)<r/.//L_iii l,lil' l,wl)_lilli(_ii,si/)il;il I)l'c)li]<'lll.

I'll_' ilil_'li_l_' 'i'<' !)!1i_<s,,l'l_<',l iii lilt' 'l'l,i 'l'l_/l_ , 'i'l)i, 'l'lk'l, ;i.lill 'l_l_l,-'l'\, ' (,\l)lll,ii<li._ ,,\).

_ilt,t' Ill<' <lisll'il_li, i<,ll <'<,('tli<'it,lll. i._ illi'lili,';ll iii l,tll_ '1'1)1,'I'MI, ;I.ll_l '1'1,1'l'kl, i.li<'_;<,1.w<,

IIIIil,_ W('I'(' ('()llilliIll'([ f'c)r iJill'liC),_',_t)J',_l)C,c'iJilig,_<)l'l)l,ic)li i)i'_)l)C,i'l,i_,,_l;lr I)lillc _l<'li._il.\'I)l" L!,'I()

_,//<'lil:_ W_IS,Sl_c'<'itic'_Ifiji' I)()lli I;I,.$'l'l'S('l'liis siV_ll)liti('_l,i,i<)llWil.,<'liil,_<)li,_'_l iii l,ll<' i'41''2;1't"

,;il<'lll;,l,l,i()lls), N(>I,¢', tic)W('V<'i', i,li_li, t,lll' iil<)i_l, lli'(, ('cJiil,<'lil, i,_ Sll_'citic,<l I>.vl li_' llv,lr,,l_,e;i,'
_,l] ll, i_)ll ;lil(I IlOllCC l,llC (lisl, ilicl, I)()l'cisil,ics ll('t,wc,x,ll I,I1<'Illiil.<-;il.l'q;'ill,'ill_ll'<l.

'i'll(' lllilil(_ric,_l siiliul_l, ioli,s tor l,]le ().()1 ililil/,yr iii[ill, ral, ic)li i'ii.lx, rcslill,_,_l iii Iil,i,l<,

1'2



T;_bl_, ,1. I'.,\l{,\Nll,','l'l,;l/ \'.\l,lrl,',N li,NI,',,)IN'I'i{ANHI'()I¢'I' M()I)I!',I,H

_<lllli,_' i'<'lil_lill<'<l iii l lic' I'<'<t4itll/ Iii'<II' l.ll_' r_'lltlsil,tlry , \,vll_'l'<' l, li_' tl<lw is w_'ll r_,lll'_,,<_c,lil.<!_lI,v i_

_,lli('-iIiIllt'li_itlli;.lI iI<lw, 1.1ii.' <lll#,' ii<Iii l,\',,'l>._lillll!li_i<>lill.l I'_',W,llll,s W<'l'<' _llll/Osl, ilI<'ill, icll.I. _<llll#,'

r<,slill_ t'<lr Iii<, II.III lilill//yr illlill.rlll,i<lii iI,_ili_ l, li<, <Ill<ii <'<llit,illlllllii <'.<J_l<,il,l'l, i_r<,s_,lll,_,<l

iii l lil, iii,\l. _<,<'l,i<lli. 'l'll<'y ill'l' _llill<lsl, i(l<'lll, i<'_l.I1,tj l.li_' I"I']M'i'IIAIN r<'siill,,<-; ll<,<'ii.li,_<, <.li<'

t_r(lilli(l\.'<ill<'r II<_w Iii'iii' 1.1ii' I'<'lltlnit.t/l'y l'<lr i,lIis <'_l,_'i_ i'iil, ir<'.ly l,lir<lligli l,lI<, iliil.l, rix ll_,\v

.,;lil>_),'sl.<'lil.Allit>iilll.s _lis<'liiii'<t4_'<ll,<Jt,li_, \vll/,<,r I.ill>l<,l'(ir l,ll<, li. 1 iliiii/yr ii,llnl 1,1ii,0.S llliii/yr

ilitill.l'_l.l,it>li <'il,,_<'__lit, ._iliilllilli'iz<'_l iii 'l'ill>l_, Fi, ()l, li<:'r _,lil,ril's iii 'I'll.Ill<' ,5 will li<,_'xpl_-lill<'<l

s<'<'l,it)ii I'</l' <1 - i).l lilili/,yr a.lld 1,li<: (3a,s<' 3 il.ll<l ii l'<'l<,a.s<_rll.l,<,,_ ,<'.<_l><'cl.iv<'ly.'l"ll<' fi<f_lli'<'._

iii<Iii'ill,<' l,lia.l, <,Ii<' 1.17!t, wlii<'li is ii<li, _<ll'll<,_l> 1,i'il.\,<,l_ IIl</l'<_ <>1'11._;_v<'.rl, i<'a,lly <lowil\\,ii.I'<l

t'l'<>lil 1.li<, i'<,ll<l.-_il,</i'3,' iiill.il i, llt, sill<ii,<, Ii<lily l'<Wl._'li('s 1,1ii' 'I'I_i,-'I"NV lli$'i:i" wlli_'.li i'<'Slill,_ iii

Si_iiili<:a, iIl, la l,<'ra.I _li\'<'l'_i<lii iii' lli<Jiv;l, lii'<' ii,<iii tit' _<>llIl,<', 'l'ti<_ <'liillill_-i,i, iv<_ <li,_clill, i'g<' liisl,<_i'y

is ,'-;llOWli iii l"i_lii'<' 'Iii t'<lr I,<d, ll (',il._(, ii i1_11(1'4 r<:l<;_-i,,<-;{,illtl<lt'ls ii, Ii<' (',a.s+' 4 l't-;l<_i,,,-;_.,is lll<Jl't'

Illli['tJl'lll iii l, ilil<, (,llilli 1,li<' i'll.S<, ii I'<,ll,ii_<, il,_ sli(iWll iii ],'i_lll'(, :J.'l). 'l']l<:sl_ vil, illl:,q W('l'<,

<>l,l.a.iil<-,<l ii3., illlilt, illl3,,iii<l _ iii<, ,lis<liiI.lg(! (lllt,_l.iil<,_l ['rtllll l, li<' l,w<l-<liilmll,'-;iolla,[ _olilt, i<lll ILv

i, li<' i'ii.l,i<l tit' i,<>l,+i.I t'<,lll,_il.<_l'3; _lrt'_-i. (S.til × Iii _; I112) l,(I t,li<' r¢ll<l,_il,<>ry _-i,l'('fl, t'i:'lir<_'ill,l'<l iii

l.li(' Iv,'(i-<liillt'il_i,>ilul iiil>_l<'l iii<XI x 1 Iii'e). l)is_'liil,i't4<' v+llii<,_, l'llI' I>t_i,ti <lli<'-<liill<._il_i<lii_ll _l.ii<l

i\vl, ,lilil<,ii,<;itllllll 71<,tllll<,l,l'i<,.<.;,\V(!l_.' i,t.lt._lill<'_l iii ii ,<.;illlillir llliiIIlll'l' ill <JI'(l<'l" t,<l <llll,ll.ili t.,iilll(')_

\<,'Iliali iii(, r('lJll,_(!llllil.i\'t, til' I,ti<_ I,<Jl,_il ii.llltJllIil, tit' lli(_ Iill('li(l(_ i, lili.i. Wtilll(I Ii(' (li_('llllr,t:;('ll

IL$' I,I (' ('i i, ir(, r<,l/()_il,t>r,>,. (!<is(, :1 l'<,_iill._ iii ii i,<ll,;ll (lislliiirg(, cii' ii.li(ii<i, l,q,'l (:liri(, wllil(,

('i_<, I i'(,._lill._ iii il.I)_>iil. 2_ <'lil'i_,,. ll(,t, li <,1' i,ll<',<_(' \,illli(,_ ii.r(, ii, r('l;i.l,iv(,ly ,W,lll_-I.II l'rll.('l,i<)ii cii

• l;llt' ,<4tiii('<! l.<!llil> wlli<'ll i_ _il,<>ill 7',,:2t'_i)<'iii'ii' t'l,i' t!_is<' :1 _lli(I 2,L?,:II ('iii'ii.' l'<lr (t, ll.._(, .I. 'I'll('

ii.liltiillil, iii' I-17!.)(l(,<'_iy('(l ('<iii lI.V _ll)lir<_,',;ilillll,<,(I trt)lii I, li(' Vil.lli(,s iii 'I'll, Iii(; ,5 IJy ,'-4illll,i'il.('l, ili l._';

+ l li(' _llllt)lllll.,_ iii 1,li<' l_lrSl 1,1ii'('<' <'<>lillllll,<'; l'l'tilii l,li_' illlllllllll, iii t,li_:' S()III'('(' I,(;I'I11 (:(Jllllllli.

1-12!t i_ t,r_l.iiSli_>rl,('_l li<iii'li I'iirt, li<,r I't>r 1.11<'iI.Fi liilii/3'r ililill, r_.l.l,i<lli l'_-i.l,<_ii._ ,_llil\vii iii

I"i_;lil'<'x li _l.li(I ,17 t'<lr (',ii._l' ii iii l, li_' l,\\,l> ililii<,il:i</il_l.I <'l'(>,<-;__l'_;'l,ilJli. A,w,ill_li_'a.t,<,_l iii 'i'iil>l_'

,D, _ll_<_lll, (12% <Jt"I,II<' ilil<'<t:;r_ll.('_l I'<'l<'_l_(, i: ,li:<'liilr_<,<l I,<_i.li_, \v_i.l,<,r I,illll<, I'(_r l, lli_ ililill.rllli<>ii

i'ii.l._, l"igili'<, ,12 ili_li_'_.li_,:, ill<li'li Ii>\\,<,<' <'<lil<'<,ill,i'_lli_lii vll.lli<,_ ;l_ _'<lililJll.i'<,_l l.<l i,'il4iir<, ii,',;



Table 5. TI_AN,qI'ORT RI.'_SITLI,_ ' "',q li,giN(,' ' FEMTI{AN IN 10{I,01){IY!!;AI{S

N_l('lid¢, llele_st, l)inlension Source Term Discharge (,o l)issolved Adsovhod *
('ase llel<:a.se Wa,(x,r Ta,l)l(, (',()lll,oll(, (',(.)lll,olll,

((.',i) ((:i) ((:i) ((Ii)

q=O.l mm INr
..... ;,..... .... ', .

I 1'2!) 3 2-I) 2278 15<I 2{)20 ().0
,1 2-D 22;:11 28 2164 0.0

...... ....

'1'('f)f) 3 2-D 9.85× 105 0.0 2.10x 1()s 5.05× 10'_

4 2-D 6,86x 105 0.0 1.77x10 s ,l.l(Ix 10s

i .... (1=0,5 llilii/yr

1 1'2ft :1 1-I') 2278 128,5 9/11 0.0
2-D 2278 1414 708 0.0

,1 1-D 2231 322 1882 0,0

2- D 2231 915 1213 0.0

'1'(' fill 3 1-D 9,85x10 s 1.04x10 '_ 5.54x 10'_ 6.26x104

3 2-D 9.85x 10'_ 3.64 x 1(}r' 3.04 x 105 6.79x 104

,i 2-I) 6.R3x l0 s 8.32x I0 'i 2,31 x 10'_ 2.62x 10s

..................... ,.

N!'-2:_7 3 1-D 0.125 0.0 1.24x 10 -3 0.119

.__ --

t,,v t I).1 Ililll/yr, 'l'lie se(luence of contour plol, s iii li'iglires 43 l,llroligli ,16 illusl, ral,(:

iii,' ;li'rival tit' 1-129 a.t, the Tpt-TNV layer, and the st ll;)seqlleilt lateral tra, nsl)orl; tO Hole

[ , l';-":,,lli. _lli'] [ilially down to the water ta,ble. Ihc 1-129 travels vertically, dowri froln l,lie

it'lJ_)sil.<Jl'ylllil, il ii, arrivos al, the Tpt-TNV M'l,er a,bout 10,000 yr. Iii a, re.l_tively sliorl,

,<,l);lii <)['ali(Jl,ii(,r 8,000 years, a sigriificaii{ discharge to i,lle wa,l;cr l,a,blc is ol)l,ailled a,s

_, r,,_lill, lit' 1.li(, ra.lJid lat,(!;ral t,ra,rlsport along the Tpt-TNV l,o Hole llE-75a, a.lld [ilia, iiy

l,,_vll il, ill_, Wal,(,r l,a.bl('. Til(" (;Olllbilla,tiOli Of tllc liigli-l)erlll('a,l)ilit,y 'I"I)I,-'I'NV ]a,y(;r a,ll(I -

ii, t.,'r,) Iill× li()llii(la.ry a.l, IIE-')_'.._,,<,.rosull, ill _ doll/ilia.iii, flow Ilic;clia.iiisili wlii<;]l allows

il,,i,, r;,i,i,I lriiliSl)Oi'l, l,c)l, lie wal,(;r ta,bl(; l,]ia, ri WOilld I)(; olll, a,ilic'(1 iii a, (liic-(liliV, qlsi(ilia,I

iilili],,i.i,Jli, l'rl,til('._ iii' conccqlt,ra,{ioii art; C.Ollil)a,ro¢l IJ¢'t,w('(_li()ii('- all(I l,wii-.cliili('iiSiOlial

,lllli,,ll!_ iii l"i_lil'_' '17 a.t'Ix:r l(i0,000 yr. Tlic two--(lilllciisitiiial pr(,tiles a.l'(' I)l,)l,s ()t" l,li_'



:,,,1!Ii,,'_'_,wl('_,w11,ral,i_11disl,ril,lltions_,,li__llgl,lletwo (,<.If:.z;es(,f l,li_'._lorna,in ((l('liIl_,_l_*_ t

tl :1 _wl_l til(' 111",--2r,_,w_'ll I(,ca, i(,tls). 'l'lle ctfecl,s of IMa,:r_,l diw:rsion _m', _,ls<)_,_i,I,

It,,v_,, v_'s_lll.ill_ il_ v_'v.V_litl'erclll, c_,ll_'elll,c_Ll,ion profiles. Ill i`]le one-dinlensiotlal i_r<,l,I,,

• 11_,,_,,llli._' I,_,_ly lll_,x't's lilll_'ll like ;i. "Sl,V_'_l.dillg p_llso," wil, ll ;t. 1,_';_,1_c.ollc_,ili`r;_ti,.,tl x,,,t,:,t

I_;,s .illsl ;ll'rivt,_l ai, t.lle Will, ct l,;-d)le t't_r t,hc present pararrlel, ers. Iri i`he 1;wo-(lilIl_'_l:,;i,,_,;_l

I,l(,I,I('lll, l,ll(, solllt(' I,o_ly liioves Iii,a: ;-/.plllse only until ii, reaches t,lle Tpi,-TNV wl,, r_ :_

si<liiticaill, lu.l_'l'_l l,raliSl)Or|, develollS.

'l'li<' _lisl,ril>lil, ioli of 1-179 _l,l,50,0{i0 a,lid 100,000 yr for i`heC,ase4 relea,s(' is sli_x\'il ii

l"ie;ilr<, ,1_ ail_! ,1!t. "l'llt, (l_i.se_1rele_l.seis i'eli_tively uniform for much of i`he l,ini(_ i,,,ri<,,I

iiii_l r<,silll,s iii ;.i.lillicli (li[l'er<;lil, disl, ril_ui, ion of 1-179 when conip_red 1,oresllli`s t'(:,r¢',111,,

:1 (llillsl , rl,lellsl,). Ai, ,q(),0()0 yr, t,lie (_,a,st: 4-relec_se resuli,s iii peM< conce.rlt;ra,l;iolis i_l. il_<,

i'l'l)(_sil,ory , wllilc (',_.se:/(Figlire 41 _rict 47)results in m_xilnunl conceni`r;a,i,ioli b<,l_,,.vIii,.
'I'I_I,-'FNV ii<,_i" i,lle rigllt, bollilda, i'y; i,e,, by this i,ime i_;ltich ()f f,he 1-179 h_s l)eeli Illl:-:ll,.,I

l Jill, tit" l,lie q'pl,-q'M for C,a,se 3, while the highest_ concenf, ra.i,ioil is found iri i`his I;i.v,'r iii
('_.s_,4. Ai, 100,000 yr, l,he 1-179 is distribui,ed i,hroughoui, the ehi`ire region b_;l,wc.<,_I,I

r<'l,_sil,oi'y ali(1 wa,l,er l_al,l<,(Figiire 49). The conceni,r<_i`ion dis_ribui,ion _lorl,pd(71..i ;_.,_,1
I'1i]--75a M, 1(1(I,It(10vr for the OliC-diri_ciisiolial _nd tJwo-dirnension_d soltitiolis is sli<,,,,.,i_ii,,

l"ie;lire 5(). 'Fli_' etl'cots of I_Li`e,ral diversioi_ a,re clee_rly evide,ni, iii i`lie,i`wo-dimelisi(,it;,I i,.

>lllls, siiim,,ili,e; lli e;li <:oiiCelil;rM,ioli _l,l;l<>w,i`he,Tpi`-TNV tdorig (I-4 lind mucli lowof I,,,l<,w

(',,iivi,rs_,ly> <'t>iicelil,i'M,iOliS are lligll('si, below the Tpi,-TNV a,i` (lF,-75a, In ('olil, ra._;i, t.l_

,Jii_,-.<liii_,iisicllial soliil, ioli sliows l_lrg;ccoli{'ciil, r_i`ions f,hrouglioul, l,he ini,erva,1. Tll_ ('iillill

I;ll, iv_, <liscll_l.rge1:<)l,tie wal,e.r i`idJle a,t't,er 100,000 yr, is 915 ci.irie, for f,he. l;wo-{]iill(,ll_-;i<_ii;il

s<)llll,ioii ('(Jlnl)_cred to :{22 cllrie ['cir t,]le one-dimeilsiorial sol_li`ion (T_d)le ,_5mifi I;'i,!.,.;lir(,

51). Tliese dis(',llare;es roi:ireselil, ,'10%il.li(] 15% of tile integra.l;ed SOilrce i,erli-l. Figiir_' 51

siiows l,tie differences between first t_l'riva,i l;ilne and discharge ra,l;es thai` ai'(:' ;t. r<,sllll. ,,1'

I,llls(' ((.',ase :1) a,lld COlli`itll.lOl.lS((_,&Se, 4) relea, ses. DitTerences a,re also seet-i I)ei`v,.,e,,('lit)lll,

;_.ll_ll,wo-tlirilelisioila,l silnllla, i`iorls. ']-'lie _lisclia,rge is ,a,lways higlier in i,lie i`wo-,:.lilllt'llsi<,!l;_l

siillllla, tiolis, for either release case, due to the significa, ni, l_i,eral diversion feai,ur(, ca.lis(,<l

I,y "I"I)t-"I"N\f 1;,yer. F_it;llerrriore, first a,rriva,1 of I-1'-,79a,l, t,he wat, er i`a,ble occlirs a,l, 1,'),(111(I

yi' t'tJr l,lle l,wo-dinll'lisiolia, l sollll;ioli wit, li (Ja,se3 release, while firs_ _rriv_l is (:lelav<'_lIllll il

,i(),(ill0 yr iii l,lie oiio-dinleiisi(JrilLl ge<_iii(!l,i'y, Figllre 4.7 shows i`ha,i`_ffi,er 100,000 yr, lil,,_',l.

,l' l,li(, 1-12!) Ill.is I)(,(,li [ll.l<_lle_lolll, _[" 1,lie ]a.yers _bove i,he TI)I,-TNV , owing I,o l,li<, I;_r,,;_'
i_,l>ilil,.,viii' ]-.129 ['(ii' this ilifill, ra,l;ioll i'M,c,

At'ix-'r 1011,1i0(iyr, l,li(' relllailiilig 1-129 is l_rgely below l,l:lo Tpi`-TNV, 1,ra,liSlJt>ri ',1

• ii'Ft' _ll)(Jill, _'(lllallv li 3' (lifl'liSiOil ali_] u,clw:mt,ion from i;he l_y(..',rs<_bove,a,n(t is (,:Xl),,_'l<,(I

I , i(,liia.ili iii l,lit,s<, lay<,i's I'(>rsOllie l,illie I)eca,iise |,i'_lTlSpOl'i l̀)y _dw;ci,i()n _ild dilPli.<_i<,lli_,

. iiiiil'll I(,.ssvig<)l'(JllS i11l,llis l'OgiOll. 'l'llis is a,lso irldlc,_i,ed l:lyi,h(' rnuch reduced

i';llx, iii l,ti<' 1,WO-(lil11(',lisiolia,l>(',_tsc 3 i'_!l_;a,s<'Ci.lrve of Figlll'e 51.

'l';d_l(, ,_ giv('s l,tl(' liel, <liscliarg<, t,o the w_l,ei' i,_ble tffi`er 100,000 yr. Iii a,l,Ii i<,ll

I,, <liscli_l,rge, st,w,i'a,I tlal,tllcc iill,<,gi'_l,ls _i,re _dso ilicliided ill T;t,I)le 5. Tlie sOl.lrt'.e i<'l 'ii:,,'

<',Jlililili is l,li(' illl, l"g_'_l (Jr l,lie i'el(;a,s<' ill()(lcl (Jvel' 100,000 5/I' a,iid represeril, s 1,1i_,i ,i:il
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:\li illllil'a.t:_r or l,lie _llla,lil, y _t t,11_illlii_l,ri_,al s_lllt, ioll is ol_l.a,ilil,_l I>y l_<,rl'_rll_iiiK

_ll'<'a.y_,<l,a.tld discl_a,t'_'d i,o i,lle wa,l,er l,a.ble ,,vii,li l,lil, itll,t,Kt'a+t,exls_.ltit'<'_._tx,l'tll, w_' tili/l lc,s:.+

i,liali 6% ditf'er_+ttl::_+in a.II t,ll<-'i:a.,'.;i's<'otisi_l<'rt-'<.t>a. l'a,irly ,_ood I:+a,la.il<'<,u;iw'll i,lll, <'oa,r,,-+t'lll,ss

,,1' t,lil, illesli. 'l"l_l-' la.t'_si, errors a,rl' ot;l,a,iue_l wit.lt t,ll,:, 0.,5 llitl_/yt' illlill, r+tt,i/_Ii. A I,,i,t,l,l'

(',l'tl t.l,_l_lirellll,llLs.

'l'li_' /lisl, i'il>lli, i_,ll i;t' T<'-9!l, wlli_'ll is sot't,l,<l iii t,ti(, 'I'I)t,-'I'MI+,, 'I'I+i,-G'M atl<l l,ll<, '1'1_1,

'1'\" I;o't'r,'..+(st,c, ila.t,a iii Apl;i,ll<lix A), is slllw,,li iii l;'i_llr_,s 52 a,lid 5;'} f/;r t,1_,(i.l iliill/yr
illlill.ral,i,_i_ rai.i, a.ll_l l,tll' (',a.s_ ;I allyl 4 rl,ll,a.sl_ Iil_,_llq,,.+.As ill<li_';t.l,/'_l, l.lll, '1'_:-!)9 is li_Jl,

I I';lllSl,_,i'l,l,_l i,_ l,}lt' wa.t,_'r l.al_le ,_,,,l'r l(ll),l)()ll ,vr, a.ll_] iii l'al'l, is IilJl, 1,1'a.ll,'.+l,_rl,_'_l,Jill. t,l'

;ll_t,ill+ 2,..1 I'l_r (';<.sl' ;_ ;l.ti_l 2.;I I'_r (',+,,_t,,1. lll'l_'(', i_t, t>l,lil,r ,'-+illllll;t.i+i(,tl,'-;_,1''1'('..!_!i l't,r t.l_i'+_

itilillr;_lit,Ii _,,'t'r<'t'arrit,_l t>lil,. I'_'t'all.'-+<''1'<'.!_1_r('lllaiIl.'-+ al_<_,,,et,lt_, 'I'I_I,+'I'NV I+t.vi'r (,,viii,rr,

l lil't_' is ll<',_;li,_il>ll' t'ra_'i.iil'<' ll¿,w iii t.]i_, r_'7;i_,li,s i, lla.t, i'_,tll,a.ili '1'<'-91t, l,lll' <l_ill.l <'_llll, iiltlliill

1'_.':.;11l,,s ['l'i.llil l,]il' iii'xi, s{'l'li_lli ;i._l'lW<' wil,]i l, ll<' I.\.v<i.-<lilil_.'iisitiill/I l'<'Sll[i,,'-4 oiJ(,ilill<,,l lll,rl,.

'l'tl_' _]isl.l'ilrlll, i<Jii <>]' 'I'<'--!19 t'<>r l,]ii, 11,5 ii<ill/vr iliti]Iral.iiJli i:_ <_ll<l\vli iii l"i_;lli'l,,<_ :71

li<, lift, li ,tiT. ']'}ll'sl' [i,_lii'<'s <l<'lli_'l Iii<, (';is<' ;I 7ii1¢] .I I'<']/Wl,<-;(','-4,ill<li <,4]l<;\v I'l,li<'¢'illl';ilil,li

li:;liilrllli<Jils al. ,rll),liilll iilll] Illli>{llill ,\:(,il.l','-g. NIII,I_ l.lllll, 1,1ii's<' li<l_'{lii'<,,_.<<ll<>_,","<>lily 1.li<' Ii<llii,I

',lll{'<'lll 1'711,i<,11 t>[' 'l'<'-!J!t (1,iii' ii<ls<>l'l>l'<[ ii.lillJllll[, i_ _i. ['a,<l,<Jr <)] pl, it'd l, ilill,s l, li<' li<lili<l iX>ll--

'<'iili';il.i<>li). ,'\t, ,rll),(il){I yr, ;i .<_iy.;liili<'a.ill.ii.li<iii<Iii, ii[ '1'<'!19 is sl,iii iii <,Ii<''1'1_1.'I'M I;_yt,l',

II ,'<'Iii. i'll.<41ICr ] ]7!)(]"il2;ill'<' .11), \Vi<ii'li ]lli.s Ir,'l'li _'lFi'('l.iv<'ly Illi.sli<'_l tllll, I>F I.lli:_ I'(',_ilJll I)\' .i

i lii:_ l illl<', l']ll'<'<'i,,<_<ii' :_<>i'l'l.i<rli ii.l'<' ._I,ill <'t,'i<l_'lii, iii, Itlll,lli}ll yr I'lJr lrl>l, li il,ll,a:4<,f.:> ,_;ll<rwiilj:.

:;,illll' 'l'_'-!tft iii t,lil' 'l'lJl, 'I'M I;i.y<,r, W]ll'l't'ii_-; I"i,_;iil'<' '12 slllJWs 1.17!i <,iii\' iii I.ll<' lllv<'i':_ li<' ,,.

l_,w i. <, '1'1,1,'I'M. I_l'_,lil<,s iii' Ii<llli_l <'lJlll'i'lll, l';il.ilrli _il, lllllJIllil .vr iii'<' ,<41itrWll iii I"it41ii'<',rl_g
I_,r (!;i._' ;I i'l'l<,ilsl, a.ii_l I,<_i.ll <lll<' ii.Jill I W<>llilli<'li,<4il>li_ll S_';<'_rlli<'l.i'i<'_. i_l_l:';iitliilli _'_rlil'l'li

l l'illil>iiS ;ir_' ii.irl>ill. 511%lii_ll<,r iii <,Ii<' I,li<'-<liiii<'ilsil>ii_ll i_r<Jtil<' _ll<,lil._ (_1 l, llliil t'_rr _'il.ll,'r

,,1' ill,' I\VtJ-_liill<'liSi_>ila] t>l'_rlil<'s(_ii<,ll_ ( l..l _ill,I 111",'2,rill). (_.llilllillll. i\'<' <li_<'lllll'!_':'lli:.,l_,ri,':,

_ll'l' I'l>ilillal'<'_l ]ri'l.W<'<'li _>llt'-- iili_l 1,W<J-.<iilli<'iisit_llll[ s<_llil, i<,lis _lil<l I,<'l,w<'<'il (!il:-',<' ',/ illl_l I
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rt,lt'_._<,,_illl"ig;ttr__,:_.u.l;'ur(!_,_t':I,t,ll<'t,W<,-<littl<,tl,_i_tla.l<li:+_:lla.rg;<'a,l'l,¢rl()(},()()()b,rinlar_;<'r

l,ll_ull,ll_'_,ll_'--_lilll_,ll._i_,l,_lV_d,tt'I,,V_ll,_)tIl_a l'at't,tJrt_l':{,5 ('l'_l>It'_). l'_llrt,llc'rlllorc,,willl

4,

I,

a<Is,,rl,,,<l, <l,'<'a\'_'_l,at_<l <li,'-;_'l_a.rg_,<ll,_,, l,l_,, wa,l,_'r l,a.l_le Ii,,,'.+_l_i,'-+l,<,)ri<','-+a,r_,'sll_.,,,vll il_

l:i_llr,., (i() I',,.,rl,ll_, (',+t:.+,t,3 r_,l_,asc'atl_l cI =: ().,q l_/,yt', ill _ l,u al:,c_t_l,5(),0()(1 yr, l'_'_'+._,"r;l,_'I'

l l_' "I'<'--!}!}i"; it_ t,ll_' _t'rl'i_ l+_y_'r,'.;,I,I_, 'I'I_I,-'I'Pvl a,l_¢l'I'I:_I,-+'FV,+t.t_<ll:ig_tt'_' (if) sll_,v,,,'-+l,l_'

,'-+,i_tlili_'_lll,l't'+_t'l,it.,_ ,,,["i I_, 'I'_:.!)!} in i_l I,I_' _l_.,t_,'-;,,.,rl,,,;<.lla,,y_'r,'.+a_<l i,ll,., l,a,la.tl_',,,illl,,,:'u_ral,'-;,'-;l_,.,v,'

li_ll_i_l _ul_.ls_._li_lv,,,l_t,llilll,_,,.u.;rat,_,_l_:,.,_'ri,I_, <:,l_l,ire <',<._l_lll,a.l,i,,_l_a,lt'egit_n. N_i,_, al_ I,Ii_I,
r "_ ,),_(,/t,ll<, _'tl_tli_l,i',,_, a__¢,_l, ,.,,['I <'-!_!)I_,,'-.;I.l,y l'a._li_,a.¢'l,iv_, <l_,¢:a.,ya.l'L('r l()(),()()[) .yr is a.l-_,itl, ._..,,/,,

o[' I,I_,,,il_t,e_ra.t,_,_[r_It'a+,'-;_,.

N1_-2:'17 is st,r_._l,_ly.,'.+url_'d it_ t,lle 'I"I)I;-'I"PvII,a._ld 'I'I)I,-'I_I'VI,l¢.,',s_tll,i_Jg i_l r<_'t,ar_l+_.t,i_,_

l'a_'l+t._r_oi' +._rtl_,rI()(). 'l'llerc_l'<..,rt,,ii, ,,v+t,_<lel,_'l'_llit_t_lt,llal, t,ll<-'l,,,,vu-_litll<:,_io_a,l tt_e,'.+]lwa:.+t,_,_,,

t_+,.i_,ril,,,',,_I't,l_, NI,- _?,7 i,'.+,_i'l,t,_l ,,,I_l,,,,l,l_<,._,,,li<l;l I_<.,ral, it._t_l'a,<l,'-+_:,rlv.,,li,_,,<li_,_,,,lw.,<lt_la,l,_'l'i;d

+t.t)<l(,l)t' l))tl:.-;('r_+l(_+t._t_t+lu+l(',l,wl_i('l_ (,ll',+'r+'.+(,l),., _r(.'+a,t,(+,'..;(,l)Ut,('tlt,ia.l fur I,)'_ut_Sl)¢)r(,, a,_<l .ye.t,

t,l_(' NI>-'2:{7 i_ t,t'at_Sl,t,rt,(,<lIt>+,'+,(Jlla+ll .I(1 _ l,_'l,_,wl,l_' l'('l)()+i(,(Jl'.V ()v<.'r I()0,11(1(1yr. Ni,tr<:,(if

tilt, NI_-+2:'_?,,,r t,l_, (',,'-.;-I;17., v,,l_i<'l_is t,vt,_ _I_,I'_,,'.+l,rtJilgly ,,..;url,_,<l,will I,_' l,ra,l_,_l_¢_,rl,¢'<lI.,,, i,I_<'

v,,al<.,rl,al_l+,,t+',,'_,_'l()(),()(l().yr.

l_ t,l_, l,_',_it_iI_,_ t+_lt lli_ ._+,'_'l,it_,I_.,w_,_lt,riv,,,<l¢,Xl,r<,,'-;:.;it,,_sl,l_al, <'+_,I,<,_,'-+_,_Il,,,,_'_t,iIl_+_l,t,

l,l_, a.<Iv_'_'l,i_,_+t_l<l<li:-;l,,.,r,'-.;it,I__I' _,.,l_l,t, ['r,.,,_l l,ll_' r<'l,t,:+il+t_ry, ll<,vvt,vt,r, t,ll_,,'-.+_'_l.i_ll+tt,t.:-_

+._+._tIl_t'a ,,,_'-,li_l_,_it,_+_l Iii,,,,',.:.'-;+y_l,t.'_ll.A._ ,,',.,_'l_+t+,,:t,:,-;_,t'l_,t,l_<' t+v,,t,--<lilltt,_+'-;it,Ii+_l:-+iIlt_-

l+_t+it,_._<l<'iitt_t.,-;t.ralt, l,l_<, l,<,,,-;,'-+il,ilil,yl,ltal, t.l_<'ll<,v,,t_+_.vlltJl, l_t' ,,v<'llr<'l+rt'.,'-;<,Itl,<,_lI,3' l.ltt,

" v,,l_i,,l_]_'+-_<I_,lit'<,<'lly lr, +t_li_<'r<'+t,'.-+,:,<lll_i,l v,,l<,<'il.y. St'_'_,_l<ll.y,I,I_' i_<'r<'+_,'-+t'<lv,.'l<,<'it,i_,>-,ill
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5 One-Dimensional Dual Continuum Solute Transport

A _llla.I ('c,Ill,illll!inl Inodel wa,s used to evMu_t,e the effect of fra, c,tlv'e flow oil the solute

ir,tTisl_ol.l,. 'l'llis nlodel incllldes two flow fields thrcn_gh t,he porous llledillI_l. In regions

wil,l_ signiti_:a, lll, ['ra.cture flow, the solute can byp_tss much of the retention C&l)etbilities of

I tl¢','im;!lfix I_,I'¢,systen_. This ma,y result in solute traveling f_tster tha, n l;he a,w_,ra,ge wa,ter

\'_,)t,,,i¢:,_'l,llal, wa.s llsed illl, he Ia'IBMTRAN simula.tiotls (S_,ct,lon 4).

()lit oiLe-clilllensiona.l dua,1 conl, inuunl solute tra, nsport code (l)yl_huizen, 1987) wa,s

lll_,litic,_l 1.o acce,..I)1,tile hydrolo_gic output from LLUVIA. This ensured internM COnSiS-
t1 !l_'ll,.X.'ill g¢,ll_'ral,iilg the two flow tieids. I h¢-.code was further modified to use the more

_l,',',ll';ll.(' l_lal,I'iX t'racl, ure cOlll)li_g _nodel recently developed (I)ykhuizen, 1990) m_d i_l

l.ll_i_ i'_,(lllil'(,_t it_corporat, iot_ of a, more a.ccura.te time int(_'.gr,_tor to _rccount for the in-

l"low ra.l.¢,s on tl_e order of .01 mm/yr did nol, res:_!t in signitic_ml; fra,cture flow.

'l'll¢_r_l'ore, l,he du_l co_tinuum model would ,not be required. IPor the higher flow ra,tes

1.]_al,are collsidcred i_ this report, the fra,ctures are s_t_ra, ted in some of the geologic

I_ly,.r:_. 'l_l,t_s tlle t,r_-msport of solutes through the fra,cture system is of im.l)ortm_ce.

II¢,\v¢,v¢,r, t,tlese condition,s may still not require the complexity of a dua, l c.ontinu_m

_,,_1¢'1 ii' il, is shown tllat the two flow subsystems a,re tightly coupled. A dua, l continuum

lll,,,l¢,l x_l'_llSl,tl_,refore _lsed to determine if the a,sSlllllptiOllS from the single continu_m

lll_,_l_,l in t,l_¢:,l_revio_s section _re valid. _ he following a.re, the governing e(lu_i, ions solved

',,,, a ,,,, 0

(14)

O: t)('s ODs = +I4: (7:,,- qs _ AOsCs , (15)
t)/, _'s Oa Oa Oz J

\V II_.'l'l'

0 is I,I_'ll_oisl,_r¢, _'ontenl,,

y., i:_i,l,_, I,l_lk mc'l< _lensil,y,

h,: is l,ll_, ,lisi, ril_l, iol_ cc_et'[icienl,,

,, i_.',1.1_,}lltill, ra,l,io_l Ill_x (i_ositiw '. downwa.r_l),

1) i:: i1_,, _litl'_si_/disl)ersio_l coetq_cient, ,.

.\ is 1,lt_,ra.¢li_m_:l,iw_ _teca,y consta,nt,

Ii' is ll_,' ,:r<_ss tl_w rate,

(',. is 1,1_,cross [low so1111,_'c(mc.entra, t,io_,

_I_i:_l.l_e cross _lifl'_sio_ra,re, and
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subscril)t,s 711.a.lid ,f refer to tile llla.trix _nd fra.cture syst;enls.

,,

'l'lie slibnl_ide,ls t'()r I4' (" , i_'\', ,,:,, a.nd qs _I'(-; desc,ribed by DykhlliZell (1987 a,lld 1.(t90). '1't

a.cCOillll_for exchlmge of solute between the two flow systems,

, ']"lie pro/)leill description provides Ps, v, 1, a.nd It'd. It wa, s a,sstlmed that the disl.ri..

t)lll, i(_nc,oe.[!t:icielit did liot wu'y wittl the sa.tura,tion level; 0 was obtained from the LLIJ\:IA
st)l ii liioll,

A niode.1 was c,onstrtlc.ted to obtain l,lie diffusion/dispersion c,oe,f_cient. This rno,l(,l
iS ('.OliSiSti%llt with tlla, t tlsed ill Section el for multidinlension_l calculations. It is _dso l:)l'("-

r

1 :_sei_l,ed by Pree,ze.a,nd (,l_crry (1979) bui. with different notation. ]Thc dilrusion/disp<;rsio_
coef[icieilt llSillg OHF llOt;a, tion is,

D._, /)* CVLVm--, i- , (:l(i)

wliere

r is tlie l,ortuosity,

+_'l,is the cIispersivity, _ll(:!
l)* is tile lnole,cllltw diffllsioli coelli(:ient of the solute in wt_ter.

G'l_efra,cture, subsystem diffusion/dispersion coefficient is obtained in an identic, al llla,lllier,

Tlie tortuosil,y is often considered to be a, function of the saturation level of 1,1_('

g(,(>logic nlateri_d, with increasing tort, uosit, y resulting from a decrease in the m()istilr('

,',,lit.tilt. A inodel froln Burdine (1953) wa,s used to describe this effect,

W 8

r - (i7)
!S-,S',)12 ,
(I-S,).l

W ]1(._r('

r. is the s_ttu'ate(l tortuosity>

,q'is the sM;I.lr_d;ion level, and

,q',.is tj:le re,sidlla, l sa,tura.tioil le,vel.
¢

, 'i_a.1)l('4 sliows iile 1,ara.lneter va,llles lised in the a,bove mode,Is to produce tlie i'(,sllll,:.;

i,i'_'s('lll,('.ll, lt sii(>lil<l I_(_n(Jt(_(1tile,i, tll(:se l)a,ra,nleter v&lues a,re thought to l)e l'et:)r(:,s¢'iil,_l:

i iv('; ]lOW('v(_r_('×l;)(,rilll(_lita/ (la,ta, a,r(: l'(!¢[llirl_dto verify these ciioices.

'lh solw' l,lie solili, e i,ra,liSl)ort eXllia,i;ioli, boundary conditions have to be l)rOvi,lc'¢t.

'l_lic, ,l<>nia,ill ilio(hq_,<l was frolll i,lie wa,ter table up to the repository elevation. 'Fll¢,
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lC'l)_),_il<)I',vw()lll(I ('xis(. :{() Iii _1)()\,(' i_11('l()w('l' illl,(,l'l'_l('(, ()t" (,li(, 'I'I_(.--'I'MI, _;('()l()_;i('llIlil. A

ii,(, x,,;_l_,Ii_1)1_,ll_l.__lii ii,Iii,if(' <_ll)_<'il,,ywil, l, _;()_,(Il,_i×iil_;, ,,\ I1,1×I)(,,lii(l_l'_' ((,Ii(lili_JI w_l,_,

illil)(,._<'(I _ll iii(, (ll)l)(,l ' l)()lI,l,l_l'\' ('(lll_l (,()Iii(' I'('l('_l,_' I'_,l('._l)l'(Jvi(l('(I. 'l'l,i:_ ('<,Ii:_('l\'_,l \,('1,,

('liillill_,(.(',_ _lll\' <litt'll,_i_)Ii _)1'(,ii(, ,_(.Jlll(,_'_ll)w_r(I t'_'()_111,li(, l'(,i)(),_it,()I'\, l,ll_l.(.()('('lll':_ _ll. l li( I(,w

i,ilil(.I',_ii,.)li,_. 'I'I_(' _()lili.(' v,,,_i_,li_(,i'il)(l(.('<i I,(,(',.,,','(,_ 1,I)(, Iv,i()ll,.,v,, _:,','-<i<',_).,,_( (,!_(' _,,>),,,_

l)()llil(l_r.v l),,)il)<,)l,i,.)ll_i.li()(Ii('<)' i'_'_l)('('(iv<' ll()v,,,)'_li,(','<,,i,( i.li_.i, l_)('_._,(,i()l).

'l'l)_'(.)v)('-(liv)i('ii,_i())i_d,'-;(.)I_(,('i,)'_IVi_l)())'(,('_d('lil_)ti(..))i,_w(,)'(' I)(')'I'())')))('(II(>)"(I,(' ().(II, (). I,

vi'. l;',.:)i'('_.:._('s\vll('i'(' li,_)r_-_(li(.))_l_('li(l('_I'('_i(,lli,li_' ,,_'_i,(.,.:I'(,_d)l(',)'_-_.,(:lic)illi('li(l('<li,'-;()i'il)il(i()Ii_ii)

i ll,_'li(>_l,t'()<'l<_i)'('_;i',,_(,)l.

I)_(,_ w,,'l'(' l.)rovi(l(,(l l'(..)i'(,Ii(' l_._'(')'ill_ (.)r _(:,_>I,.;%i(;ill_.l(,_,).i_i,l_I),()I)i l(.)ill. (1).illli_)l(,,,.;((I...i,

( i II-I _i)(l III,,-_,)_L). AI,_(.), six (lill'(.,_.(,)_(,i,(,l(,_i_(, i._._.(,<,,_\_,,(,).(__l)_,(.ili(,(l. l;'i)l_dly, 11)(,

,li,,.,(ril,,i(i(.))l (.<,,.,lli(,i(,)i(,_l()r l'()lli' (lill'(,l(,lli, __(li(.)_,_('li,l(,_ v,,,(,I'(,l)l._)\,i<l(,(l, l'l(,(._,_,,, (.)I'(,iii),.,

?;_i(,(l i.()(,)]_I)I(, _-dli,I'(_li(l_(,(.)I)(, (,_i,_d)lisli('_(l.

'I I)<,,_-;()l_li,(,('()))((,lllr_(i()ll i)I<)(,_i)__,,_(,I_(.<,(Il_)(,l()v,,_i(, iii ll)li(,_ (i)I"<,ll'i(,s l)(,r <'_il)i(')ll(,(._,I

(,I .,,r(,_,i_(Iv,,_)((,).. 'l'li(,v (),ilv. (li.,..;l)l_v.(Ii(, ((.>)i((,),(,I'_(,i())i iii (,l)(_))l_)(,)i× l.)()I'(,:_l'(>r ('l_.i'ii,.v.

l'i;,,i)ir(, ll(,v,' (,.'.;i_i.,-<.'l'l_('l)l(,i_-;,I()ii()(, (lii'('((l,>' _l,()w (,Ii(' ;))li()lIIii <)I' :-_<)l_I((',_(>Il)<'(l(,)_(.<,

I li<"_;(',,l(,_;i(' lll<'(lia. 'I'll(' I)l()t._ l ll;l(. ,_li()w l.ll<' ilil<'!.,.;l';_l.<'(II'<'l('a,<_(' l,()(,li<' wa(.('l' I<,.I)l('<INS<li<l('

l li;li Jill ()1'<.Ii(' wa.<_l<' IJll<'l_<lE('.<_a.l'(' Iii(' Hii.lll(' ('l<'\'a(i()li _ll)<)\,'('1,li<' \.vll(.<'i' (,_1)1<'a.ll<l Iii<<'

II,,w I)_:<,_('._fill'OilS;li <,li(' ,_<'(>1(>_i('la.3;('rillf__iV(,li iii l,li(' (I-.I ,_i,l';_.i,i/l'ig)lii(' <'(Jlllliili. Iii _,11

, _i.<,(,:<.Iii,' II()w .i)l,_i ali<iv<, t.li<' wiil,('r l,a.lJl(' i,_ (tOlililia.(,<,(l liy (,ii(' I'ra('l,lir(, It(>w. 'l'tli,_ i._

I)(>(';lll._( ' Iii(' l'l'a('l, lll'('S I)('('()I11(' ,_a.l,lll'il,l,('¢l ii.I, 1.i1_'\Va(('l' l,a.li](' all(i (,]1<' lll<il, l'i.\ Ii<l× _:(J(',_ l,()

;.','r,). ()iii' liilll(,i(lilii('ii,<_i()iia.I ('.-'!l('lilal, i_)ll,_ I)()(.<,lii,i_dly ,vi<'l<lii. 111()1'(,a('(lll'al,(, I)i('( III'(' (Jt' l li('

.<ii<ii<' I I'<lli,<_l)()l'l, iii _l'il('('ii I\]<)lllil.aili I)y I'<'l)i'(':_<,lil iilT; Iii<ii'<' 7;<'()lii('l,l')"' li<)\V('V('i', l.li('V (l()li<ii

<, (,,illil t'<)r iii(' <l(l(l('(I (li,<il)(,r:_i<)li ('<ill,'_('(I I)\ :_()ill<' iii' Iii(' ,<.,()l ll l <, llavl'liil_ l'<_-:l<,i' li<<()<lh;li

I I1 ;i(l ii1_, :,\'_-41(,i _i.

I"iL_lil'( ;/.D,<_li<)W,_iii<' ,<_i×'1'(' ((, ' ' -,),i H()ill'('(' I('1'111:--;i)r,>vi(l(,(l t'<)r (.lii,_<'×(.i(i;_(. Ali I'<'_lill,<_

< I),' I)l'(',<_<'lll.<'(l II,_illl)_ Iii(' I<_,\('i('(I lilal,('l'i<iiF, t'()llli(I iii (,li<' (i--.I bl, l'_i(, lXl'<l.l)li,V. 'I'll<' i<',<iilll:_

,_ ;,,ii ('wii_il (litl'l'i'('iil it'()lll('r :4ll<ll !._)'<<Iii<i<':< ill't' li_(',l, ll()w<'\'('l', l, li<' lll_iii)l' F;it'(.()l' l.lilil .,

,l('l('riliili<'_ _i (litl'('r('li<'(' i.<<t.1._'a.<4Slilli('(I(li.<_i.ali('(' I<)i, ll(' wai,<'l' (,_,l)l<'i,li<ll, (li(' ._,,lill(' li<l._I,

i i_l\<'l. _]i()il('l" (ii_laii('<'.<_Vi<'I,I laif_);('ri(']('ii._('._.

I' i._.:>lil'(',_(i7 illl(l ti;I ,<_ll<>w<.Ii(' _li,<<l)'il)lli.i<)li iJl' 'l',' !)!J iii iil_' I,(,:-_( r(>(lc ((",,,) _li_.r lll(),()()(

,.l. t,)r iii<, iiitilli'_ili()li iill(,,_ ()1 ll,{)l _lll(i i).1 ii lll/\r. 'l'll(, ti_lli'(, ,<-.li()w_, 1( !)!) I ,<'1<>\','
it_,. i(.i),,.<._ii(>r\((.l('\aii,)li !)(;()iliJ <ili(l <iii,iv(, iii(' \v<ll(,l i_l_l(, (,,l(,\illi<)li 't;/l) i ). 'i'<ll)ll!;ir

....Iii(.....,,1 iii(' ilil('_lill(,(I I<,l(,i,.<,(,.<_i()Iii<' v,'_il(.r i.,i )1<'(l,)i ().1 _lii(I (I.F) iliiiil'\r i li]tlilli()ii>;)
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arc,l,l'_.._<'Ilt,<',.litr_l"_d,l_,_(ia.ti,l7. As _a.llI,_.:_,Xl,e.ct,_-:<l,t,lteI_111_c_,r<-:le.a,se c._Lse,_re_tl]i,iii

lli<_li<,i' _tiSlilax'ellll.'lil,s _:ll"t,ll_, ,'..;_>llll,l,I>lll,<.;<.', lr'i_lil'_-' (_,1 slit>_,,,,','-il,tla.l, SOllie _FI'-!)_) l't``a.t'tl<'_ iii<'

\v;l.l,<,r 1,11,Ii1<,l'<>i'i-i.li ilicr<,_l.st,iI ililill, r_l.l,i<Jli<,1'li.,__liliii/yr. 'i"<,--!)9 is iJllly ,'..ili_lll,ly ri,l..a,rtl<,_l I.,_.'

I,li<, _<,l.lliJ_i,' liietliiilll a,s _i,i't!sillt, c>l'st>rlll, i_Jii i'l,li<,l,i/>il_ iii la.y<'rs iit;a.r l,lll! r(!t;)()sil,tJl'y. Ai, l,ll<,
I

(},,rl Ililii/,Vl' ililili i'al, i_,lll_ flit' iI.V(,l'ii._t,,_,lllil,l,' ll_l,i'l.i<'l/' <[<_('_I1()t, l'('iit'il l,lie W_i.t,(,l'l,a,llle ll<,t'_Ji'<'

15(},1.}(}(.),sir. 'l'lit!ret'ort,, l,lit; ,<,iiJllllx,i,lia,l, _.l_,)<!sl't_a,cii t,ll<' wa,l,(.,.r(,a,lJlt-; is cii.lt: l,t)(liSl)t-``rsioli t)t"

• l,}l<' si)llllx,. 'l"llis. (lisl)er,<.iitJli is (lll<-_I,o st)iii<! tj[' l,ll<, ra.<.lioliiic.li(l(-:,<.il,ra,w-;lill<_ ['a,si;e,r t,ila,li l,tl<'

il\.'t,l'li.._t, Iluw \,'eit)('it,$;. list., tit' ar ,:llia.I ('t)lll, iliilillil lilu<;l('l t'×l)li('ii, l$,'ii,(:(;(Jllllli,<'ifor ,',,I()111("I)t' i,liis
I'15,'ili('liitlili<_ ii. Pra,('l,iire sysl,(,lli ,,,vii,li i(,_ a,,'..;stJ('ia,(,<,<llli<s.4il(``rvt!ltJc.it,i<;s, 'l'll<_ (li,'.-ilic_rsioli t,(,l'iii

wil, liill t,lit' _c)\'(_l'riiil_ <!(llla.l,iclliS a.l_() a,t'.c.tJilill)Sfor l,llis <:lt't;('i, wil, liill eax',]i flow ,<..;y,',-;li<_iil.

'1'o t,t-'si, i{' i,tl(, t[lia, I coiil, iiilllin/ i-iiu<[ei is re.<.illite.ii, , a. _ill_ll-_ (;()iil, intiliili motle.I ml-l,s

ol:lt, a,ilied f'l'Ol/l silill)le rllodit]<:a,l, it)lis of 1;lie ('()lll]Jllii(;r (',ode, lls<_;(I l,u ca,i<:,l.lla,l,e Llit_ _llla,I

ctJlil, ililiilirl resilll;s, fly t:lelel, iil_ l,lie. t'ra,ct,lir(; til.iX> a.iid ili(.',r(;a,siii_ t,tie, lna, trix oolidlic, l,ivil,y

I.l_,'_-i,('(-.:()lllll,ill_ for l,lle ['l'i.l,<'.l,lll't;s> _-i.siil_l<-; t;OllCilllllllll lllodt;] is cre,a,l,e,cl. ']'lie, 0.5 innl/yr ']'<'.-

!)!) ca.lcll]a,l,i<lli \va,s e×t,cill,(!il IlSilI_ l,lit' llil_tlitit_<[ co<lt;. 'l'llis rt:;sl.lll,s iii t,lie s()ll..ll,t_ rea,t'.liili#;

l,ll<, wii.l,t,r l,al,lt, al, ii.ii itlt'lil, i<'a.I ial,<, iii I>_.ll,lll, lit, _liia,] a.il_l ,<,iili_le t't)lll, il/illllll illotl<:ls, "['}l<'

tlisl, t'illttl, i_.lli /Jt' l,lil'_ ,<-;_.lltit+t,(,llrotl_41i l,llt,. iil<,<lililil ii_ _-l,l_<li<[<;lli, i<',a,[a,,'-__ll(JWll iii l"i_ltl'e (iri. Iii

1,1it' _lila.1 t'Cllil,iiililiili ca.lt'ula, l,itJiis lille. ['i'ax:l,lil'l! Slli)S,TSl,l-_lli t:t)ll(',(_.;lll,ra;l.,iC)ll,<.Ja.,re.,'-;tj('.l(),'-l(-;l,tJ l,tie

llla.l,l'i× Sllll,'-iysl,t,lil t:<llit'('lilll'a.l, iOll_ 1,lla.l, l,ll(``l'(' is i1o Wil,y (,I) _lisl,ill_lli,<.;li l,]l(_;lll ()I1 Illle sca.le of

l,liis lJlol,. It<li, li 1..li<'dlia.l a,iid siil_l<, t'tliit, ililllllll r<;_llll, s a,_i'<_ew<'ll wil, li i,hose ca,lclllatx,<l t:l.y

I'_I,',M"I"I>_ANill [lie, I.>r<;violls s<!_'l,ioli. 'l'lie, <>lily _litt'_:i't',lit'e iii lilitJ iliodels lie.re, a,li_:l l,lit-.'.(iii( I.

iii I;'I!]MTI_ A N is l,ll_-l.l,l,li<``tlisl_t_rsivil,,y is sli_lit, ly lll()re cullll>lt;x iii l,llis nlo(lel. "l"]lt,.rel'<lrt,.,

l,li<' a.<_l't!t,llit,lll, ll<,l,wt,eli i,lit_ ilitJ<l<,l_ lit,r<' itlltl li'I']M'I'I'_,AN Iii'iii,'-,; v<,rit',7 I-_ol,li <'o_les.

'l'li_'. re,iila, iilill_ r¢;sllll, s iii l,lli_ sec.t,i(:lii amt, t'.a,lc.llla, l,l!!tl iisili_ i,lit_ t'lll] _llia,] poro,'-Jil,y iilt><lt'l

l'lJl' CC_llSist,onc,y, However, _s SllOWll ILIJ(JV(.',> l,lie, _,dtle,,:[CUllll:)]t:'Xil, y iS 110_ requir(;cl f'or l,lit'

'l',.i 1,<',sl,li<.iw i1111('11Ilillll<!l'i<:ii, l _ii,'-Jl_<!r,'-iitJiia.ll_'l r<>llll(It>tt" ()rr(irs all'e_'l,e(I t,lit-` r̀(.;Sllll, s> (:a.J.-

<lllal,il>ii,'-.; wt'l<_ i.i_,rt'orliit',l wil, li a. liii<'r lil<',<.-:li(<l<>illl]_ l,li<' lillilillt;r t.lf iicl<les) a,lltl tilit,r l,iiil_,

_._t<,1,_.'['llt,,<-;<, i'l,sllll,_ a._i'ee_l \'t'i'y w<.ll \.vii,li 1,li<, _.._t._lil<l;li'<lrt``,<-;_ill,,'-;i>rt;stull,<,,_i. A lilillil_i'i

<_1 ,li._l_<,l'_i<lii ail_i..l$,'sis Ilas stitlwli l,lia.l, ii' i,lit, ii<iii<' ,'-.;izl,.i,<..Jsliia, ll w]it_ii t'(>lill)ii.rt'<l 1,<Jl,ll_,

,lisl>_,lsivii,y, liliilit.,ri<:a.l <lill'lisi<,li will li<ll, li<, ii. llrtJtllt!lli. 'l'lit`` sl,a.li_l,a,i'd Ilit_,<-;liSl)ii.<'iii _ i<.',

i.llllll_JXiillal,t']y 1 iii a.ll<l l,lit, <lisll<,rsi\,il,y i,,-i l(.I iii.

'_ l"i_,iir_, :1.1.'.-i]l<J\vsl,li<'.V_l,l'il)ll,"; Sl>lll'('(' I,('I'IIIS f(Jl' l,li<' r('.lt:'a.st.'.<.ii'l- 12!). 'l'llis i._(,i,_,l_('i_ Ill,li,

i'('t,ar_lt'(l al, _,11iii _-i,115:(if l,lit' _('(,l<,_;it:la.y('l'_. Ali (.ii" i,ll(, r(,l(!a,,<.i<!(:a,,',iesr(_silll, iii a, I.i('ak iii

" i,ll_' i'<'l<,as(' ra.i,(, lit'at' l,,{){)() .yr, llt,\,,,<.v<,r>ttl(' illll,.i<lt'il,.')" /.ii l,lit; ,<'.;<>ltii,t'.iii (la,st'.,"..4[,, 7, ilil<l .i

iii'<' l'<'l_'aS_'<ltJ\'t'.r a,ll <_×tx'li<lt!<l iJ<,ri(J(I, 'l"tl<,s<, i:_-l,st,,<.,Ja,r<' l,]l(,l'l,['tJl'(' _'.la,s.'-iifil_<la,n ('<.llll,illll(ill,<.;

l'<,l_,a.,,-iet;as_!s. (',it.,<..i<,,s;I> 5.>alibi li a,l'(! l,li<' llll],'.,it' l'(,]('.i-I,,".;l! (:a,,';('S. ]"i_111'(',<-; (iii a.ii<l (i7 _li<J\',,'l,li<'

_li_l,l'il,_il, i_>l__>t'1-17!) t'<Jr1,1i_'Ii.Iii ali<l (). i illlii/yr ilitill, l'a,t,it>ll_> r_,sl.it,,cl,iw,.Ik,. 'l'i_l,l,.

li sli(.iws l lial, ii .,-iliia,II a.iii<.liliil, lit' 1-179 is IJl<'+ti<'l,t,_l i,<>I_t, r<,lt;ase<l 1,tj l,llt`` wa,l,(,.r i,a,l>lt, t't>r i,ll<,
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(I.1 llli_l/5,r iil filtr_Cion. F'igure 68 shows the inl,egra,ted release to t_he wa.t,er ta£1c for tile

(,ast. 1 is represellt,_Ltivt: of l,lle c,ollt, iIlllolls(1.5 IiIn_/yr i)lfill, raLion r_tes. In these figures, -' '

)(,lt,ast, c'a,s(',s, _md (",;cse 6 is represent,_tive of l,llc l)lllse rt,.lca.se .... s. Aga,in,cast., (,ht' plllsc

I<'l_'_s_,vcsllll, s iii more r_dionuclldes re_mhing the wa,t;cr l,_ble.
9

Cs-135 The source termsl'_igure 36 shows l_he wu'ious source l,erms for l,he release of '

[',,i' ('ases 1, 3, _md 4 are identical wit,lain the zero to 100,000 yr period. These c_ses result, ,

iii a pulse of (',s-135 wil_hin the firsl, 5,000 yr of _lie tra.nsient_ -'. (.,zLs¢.s5 a,nd 6 a,lso rest lll,

. (,a,s{, 2 displ_ys a sliort pulse _t,iii a. pulse ic,le._,.e., but over _.... s, slightly longer time period '

1,0()0 yl', a,lid then a, continuous release. Because of t;he la,rge distriblll;ion coeft]cielit, s (up

t_, 3,000 nll/g for some geologic l_yers) t;ha,t; were pmvitled for Cs-135, l,hc sollll, e does

ii,,i, i'('a.(:li t,]lc w,ti;el" t_ble, everi fov the 0.5 l_lm/yr infilgra, l;ion ca,se. Figure (]9 sliows (,lie

(lisl, i'il.)tl(,ioii o[' i,he solli_e below the reposif, ory (eleval_ion 960 I1"1) a,nd a,l)ove lJhe w_tl,er

(.l(:V&l,l()i] 730 m)for l,he six source {el'illS. As C&ll l)(.', seell, l;he Cs-135 (loes DOl,l,;I,l,l(' ("' '
ll';lvt'l lllOi'e {,li&li 10 ni,

l'lgi.ii'e 37 shows l,he six source l,_t.ii!l,_"s for the Iclc_.'__' se, of Np-237. lhc six source

l_'i'illS ['orlll only f,hree distinct fi.lnct,ions wil, hin _he zero 1,o 100,000 yr l'a,ll_e. NI)-237

is ;_ls<_liigllly rel,a,rded ])y f,he geologic", rp,a,l;eria,ls> but; not, a,s sl;rongl,7 a,s (',s-135. No

,"{1"L!;17i'<,;ix:lies the water t,a,ble for any of the proposed int]ltraJ, ioris. Figlire 70 shows

iii<, <listi'il_lll, itlil Of NI)-737 _fl,er 100,000 yi" bel,we.,cn_ the wa,t;er table _nd lille reposil, ory

¢,]l,\'/l[ iiJllS f<,l' 1,lie0.5 lllnl/yr infiltration.
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Table 6. ()NI_-DIMENSIONAL SOLUTE TRANSPORT RESULTS FOIl, "l'IIi;; (J.

_nm/yr INFILT[{ATION (100,000 years)

Nuclide Release Total ll,eleased Transported to Decayed

Case (Ci) Water Table (C,i) ( Ci )

1 3.48 x 1()'_ 0.0 0.49 x 10s
2 4.10x l0s 0.0 0.62x1() _

Tc-99 3 9.87x l()'_ 0.0 2.67x l()s

4 6.86x l0s 0.0 0.98xi0 s

5 8.S3x l0 s 0,0 2.38x l0 s
6 9.53x 10'_ 0.0 2.57X 10'_

1 1183. 3.1x 10-3 2.

2 1240.
I-129 ;ii 2277.

4 2240.

5 2164.
6 2300. 5.2x 10-2 10.

1,3,4 0.125 0.0 0.0025

N1)-237 2 16.11 0.0 0.27

5,6 0.73 0.0 0.011

1,3VI 371.5 0.0 10.7
(Is-137 2 6662.0 0.0 8.9

5 2.37x 104 0.0 0.07x 10 4

(i 2.64x 10'1 0.0 0.07x 10.5

I
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' ;T T '1Table 7. ONI_3-DIMLNS'I()NAI, ,,qOLt 1'_ I{AN,q,I:'()I{T Itl;;StJl_lS" ' I"()1{ '111,; 0.5

_ll_/yr INFII_TI_A'I'I()N (l()(),(l()(I yea.rs)

Nuclide I{elease Tota, I l{,deased 'lY_ulsported to l)eca,y(,d

C,a,se ((Ii) Wa,tor rl);cl_l¢:((Ii) ((Ii)

1 3.4 _ x 1¢)s

:2 4.10 x lOS

, Tc-99 3 !)._7x lOs 1.15x 10s 2.62x lOs
4 (i.,_(ix lOr' (). lOx lOs 0.!_7x 10s

5 _.,_3x lOs
6 9.53 x l0s

1 1183.0 1,_;;. 2.0
2 12,10.0

1-129 3 2277.0

4 2240.0
5 216,1.0

ii 2300.0 130(i. 9.0

1,;{,,1 0. 125 0.0 0.0025
Np-237 2 lii. l l 0,0 0.27

5,(i (1.7;_ ().() ().011

1,3,4 371.5 ().0 10.7
( !s-137 '2 (i(i(i2.() 0.0 N.9

5 2.;_7×1()4 0,0 0.07x 1()_ i

ii ;2.(i,Ix I()4 ().0 ().07x 1()4



6 Conclusiotm

()II(+-+_,11(It,Wt)-(lilllt'llnit,ll+,l:-_t,l_lt,,1_:+I',,1'Ily_lt't,l,:)gy++tl(lsollli,(+l,t'a,nsl)ort, t'or t,ll(, ().1)1,
0.1, _-l,ll(I 0.5 lll_ll/.'_'lI itllill,I'+_l.i(,tlt++_.l,<'_+tr'('(,(,rl_l)l(+<,(,.l+Xi,l'(++l:tl(:>lylllod(+St,+l.Ill¢_llllt,_(,t'
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('()tlll_lll,(,r t,iIll(+V,,'('l'('t'('(lllil'('(I I_, ('(,llll)l(,l,¢,l,ll(' (_l_(_-<liltl(:tlsi_.)tl_l,Ic_d(',ul_l,l,ions. 'l'll(' l,w_.-
(lil11('llsioll_-dIlydl'()l_.)_y('_'d('_ll_t,i_,'-:_'('(l_i_'('(l:'I, 10, _._(:l30 hr of CI'IAY XMP co11_1)_11,('_'

) l,il_(' for l;ll("0.01, 0.1, _-_1 ().5 (';_n(,n,I'('Sl,(_'l,iv('ly. A signifi('._x,_i,_,m()_l; of l_-'_,l,c_'_dfl(_w(_t'

r<'a.('l_1;l_ewa,i;(:rl,a..bl('ovc'r 1(}0,0()()yr a,l,l;l_('0.5 r__/yr in filt;r_l;io_ ra,tc. l:Pori;im(:'l)(',_'io(.Is
l(_'sstl_.t_ 10,000 y_'or i_ltill;_'_,l,ioI_s l(_ss1,1_.1_().[ I_t_l/y_' v(:ry lil;tle,soltal;e rea,ch(_'sl,ll(',w_,l,(-:r
l;a.,bl('.

,_()1_I;_._r(:l(::_-_,,_('sl'(.,rI,I1(' sl;¢_,(:lyn(:_,l;(:tl()w t'_.l,('s(',()llni(l('l'(:'d,(:v('l_ wl_(_l sig_lifi(:_t fI'a,Cl,lll'('
t:low ('xisl,s. '-l_l_isin (11_(_,l,o 1,1_(::l_igh COUl:)li_ l,(:l'_t_nl;ll_,i,t;r_._st'(_,rsolut,(-'.I)(;l;we(-:_i_l,h(',l,wo

I(:w'l iH lt_ll;i(:tir_(-:nsion_dflows. 'l"h(_,s("l_igl_(_'flux l(:'v(:'lsl_.y t,ll(.',_r(_guirc lt_od('liH_ ()[';_,

Ii, is ;_,ls()sh()w_ _,11;_._,m_ll, idilt_('llsi(,_;d fl(.,,.,x,_(:;_ il,('r('_,_(_1,1_(,soil li;(',l'(_l(:',a,s(',_.'l"l_i_-;i,_

(Iu(' l,o I;11('[low I_yl);_,ssil_l;_,r_(','-;i,;_,_._._l,l)()_'i;i()l_s(._t'l,l_('_(_ll,;_,ii_, _'(:s_ll,iI_; i_l ;_,I'('_l_l('('(I

l,l_(,,w;_,l_(,l't,_.1,1(_,l'(:_lll,i_l_ ill ;_ (';_,l'li('r_'_'i\,_._.l.)A_ i,l_('v()l_(' iI_;_,_I;I'(';H_t,_I)(__l('_:_'(';_s('_

vv(' (_l,(,:-_,ill(::(.l_.I'_',(1('1:,(',,_1(',_1(,_11)()_(_' ('ll,._i(:(_(_1't,l_("si(l(' I,._I_(l_-_._'y_:()ll(li(,i(_lls,_,I_(1(,1_('

II, is _ll_lil.:(:ly1;11_,1,(_ll('-_li_l('_ni_l;_l ,_l_)_l('ls()l',_()1_11,('l,l'al_,'-:l)()l'l, will I)(: _-_.(:(;(:1)1,_,1)1(_t'(,_'

(t_1 ('_,11,i_,_1_1__,_1(_1I_;_.._'_1.'_(,I,(' _'('_l_i_'('_l.

l,_'a.I_Sl_l'l,('(_(1_,will ;_,i,I_,_.._I,,1_,_1,1(,1,1_(.('(_l_l_l,(,_ l,ill_(' I'(_'a ._il_;t('('(_lll,i_la_ ('_l_li\,;_.l(,_l..
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ll_,l_'l,_'ll,l_"rll,ly, file illc,rea,se ill the rlumber of geoznetric dilllewlsiolls C_LIIi_lcr_'a,se tillt'
C', Illl)lll,t'l' I,illl_,' I.ly ;Lit order of m_gnitude.

'l'llt' l.wt,.-_limension_flprol)hma considered here is somewh_t; _rt,ificia,l a.s a, reslllt, o1'
il_ i,t,:_il.i,,tl ,,1' zero-tlllx boundaries requiring the lt_ter_flly diverted wt_l;e,rI,o be t'ovced
,I, ',vlt h, l.ll,' w;l.l,er l,_t.ble&t Hole UE-2,Sa rt_ther t,h,_n t,o conliinue a,}ong l,he Tpt;-'PNV.

1 I_('_l._:;,lTll_',lcOllt,i_lllil,yOf t,his highly permeable lt_yer is also very iml)ort_lll;. Ilowev(:r,
il_l,t_sit,i,,_ t,f I)iriclllet condil, ions a.t side bounda, ries is not, _ betl;er i_lt;ernal;ive, l;'ul,t_r(,
w,,_l<sl_t,_ll,.Iil_vesl,iga.l,euse of more reiflist,ic boundary condil;ions.
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A1)l)endix A. Material Properties

_'l_t,('l'i;lI l_:'<)l)('l'I,i('._['_lr4 (lt'illll()l('_ (('I-l, II-1, (_-4, _,t_(:ll Ilf,-25a,), (_.(",11wii, I, '.]'.'_til'

' t,'t'('lll, lly(Irt,lt_;i(' I_Lb"(_r'__tt'(' t_i\'(:'li b('l_,w, 'I'Itt:',,_et,fl)les n,v(::re(:ollll_il(-',dby M(:.',rlill \,\"ll,'('l('l'

c,I I,(,._ A];_lll(Js _I'('('lllti('_dA,_,_()_'i_m,_l,Ill('()rl)()r_i,ed, M_Lteria,l 1)rOl)Crties for a 1;ol,;d _,I''2'..!

l I,\_ll_)l_gi__d ,lllil,_ ;,l'(. _;i\,(,_. A_l_lil.iL,,i,,lly, r_d,enti()n l)_:_ra,n_e,l;(_rsfor t'o,_r r_(li()_l**(li_l('._:

_l'(' _l('ti_,('(I. 'I'll(' r_'l_(,_ii,(_ry ;,1_1 w_l,(,r t,_11,1(__-:l(,w_t;i(:_lsa,rc _dso given.

,rt,l)('l'l.i('s['(_llll(lI'r()llll.}it,(II'illl_t_l(,_'.(,r(,sforthe ma.iii'ixflowsul:)syst(:m.Th_: I'r_('l,_il'('

i,r,,i_,ri.i(,sar(",<i\'('llill_l'_l,l('A.,I.

S_tt'(:(,l('rl_sI'(,t'rt,I(_,_s(.soi't';_,(Ii(_i_i_'lid(.:sfrom thew_tsteca,nist,erswe:r(-:,_Is()pt'(_x,i_I(,(I.

Fi_a, lly, r(:,l,(_l,io_ _:(:)(',I:Iici(_'.t_l;sw('r(:: give_ for the four repres(mtiivc r_.diona_(:li(l('s.

'l'll(,s(' a,r(' giv¢,n i_ T_d)le A.5.

Table A.1. I)I_II.,I,I-IOLI_.', LOCATIONS (meters)

l)rillhole Ea.sting Nortl_il_ ,Surfa.(:eEl¢,v. Wa.t¢_rTa.ble Elev.

[.ISW (;-l 170992.9 23.tX,'lS.5 1325.5 746.3
I!,SW (i-:l 171627.3 23;t,117..0 1270.1 730.6

I!S\,V tl-1 171,115.9 23,1773.5 1302.8 731,4
, . ¢1!E-25_ 1726235 233141.(i 1198.7 728..



Table A.2. MATERIAl. PltOPh;l{'l'll';S, l)llll.I, l lOI_I_,q (;-,t ANl.) UE-25a (Vm_

' (,o(! fh(' i(_nl,s)Gerluchl, en ' ' '

Total Bul k /C: G rain (' ' ' _,-4 Ul,,-2aa

Unit Poros Density Matrix _t, /4 ,S',. l)ensity l_l_v, l,;l(_v.

::/c,? 71 .-I ://c',?
UO(a,) 1219.2 11;_7.7

'Fpc-TN .50 1.14 2.0E-I 1 0.004 1.5 0.15 1212.2 1127.]
TI)('-]3T .22 1.,)a(_" 2,4 ]'.;-6 0,01.6 10.0 0, 10 2.<15 1200,6 1116.4
"' )( 'la , . .Jl '- M 10 2,30 20E-IL 0,005 l,f) 0 10 2.57 11_3,2 1093,(;
Tpt-'l'l) .06 2.,15 5,013-12 0,004 2.0 0.15 114,_.2 1073.7

'I'I)t-TDL .08 2,40 2.0E- 12 0.003 1.8 0.10 1082,9 1006.4

1) .- t lwL .12 2.25 2,01']-11 0.01 1,7 0,05 2.5(/ 930,2 87 I. 1

rlapl,-TM .10 2,30 2.01']-11 0.005 1.9 (),10 2.53 868.6 810.7
TI)t-TV ,04 2.25 J.0I.-12 0.002 1,7 00 238 860.1 797.3

TI)L-TN V .20 1.90 2,4 lg-6 0.03 2,2 (1,15 850,9 787.2

'i'pI,-TN ,:t6 1,54 3,01.-12 0,02 1,2 0 0 2 35 N41.2 784.2
'l'l)(,-l)_l' .23 1.79 2.0E- I I 0.0()2 I,(; 0. I() 2 32 sd(}.t'i 7S:1.3
'l'cl) 'i'N .36 1.54 1.0E-I l 0.()0<1 1.5 0,lr) 2 2s s;16.0 77(i,0

, p'I'('I)-llT .23 1.79 2,(}L-11 0.002 1,6 0.1(} 2 ;i2 ,_35.4 775.9
'i'c})-'l'N ,36 1,54 1.0]';-11 0.00d 1.5 0, 15 2 28 829.0 7,13.!)
'l',,'b- ])T .23 1,79 ' "2,0 L- l l 0,002 1.(i 0.10 2 :/2 _2(i.3 73!) 1

? '-,f .Tcb-TN .36 1.54 1,0l.-ll 0(}04 1,5 0,1,5 22_; t,),'l.G 7165

Tcb-llT .23 1,79 2.0E-11 0 002 l.G 0,1() 2.32 793.7 715.6
Tcl)-TN .36 1,54 1,0E-11 0 0(}4 1,5 0.15 2.28 750,4 (153,<1

'l'cl)-l_T ,23 1.79 2.01,]-11 0 002 1,(; 0.10 2.32 733.3 (i;_f).,1

'I'(,I)I)-'I'N .2,_ 1.6() 5.01,;-12 (}001 3.0 0.20 2,33 730.¢i (i3(),;)

Tc'I)I)-TN .28 1.60 1.0E- I I 0 00<I l,(i 0.15 2.33 721,,I 6(),I.4
5_l'cl)l)-Tl' .25 1.90 5.0 I!',-N 0 01 2.7 0.0,, 2.59 Gfj(}.5 5,_,<1.9

(

(;,1



Table A,3. MA'I'I';I{1Ai. l'l_()l'l,31{q'lES, I)I{II.I,II()I.ES (l-I ANl) II-1 (Va,_

(I(,zlll('lli,(,ll ( ',oe/ticic, ill,s)

Tol,a,I l:lulk /q,_ G ra,in G-1 H-1

llilii, l'oros l)ensity Mt_trix cv /J ,5',. l)(:nsity 101oy. i!'.lev.

lIO(:O 1280,2 1241.8
T1)c-'I'N .50 1.1,1 2.0E-11 0.004 1.5 0.15 1264.5 1225.1

'l'l)c-l:l'l' .22 1.!)5 2.4E-6 0,016 10.0 0.10 2.45 1253._ 1217.8

'l'i)t. TM .10 2.30 2.()F,-11 0,005 1.9 0.10 2.57 1243.2 1207. ii

Tpt-Tl) .06 2.45 5.0l;i',-12 0.004 2.0 0.15 1191.9 1167.2
'l'l)t-TI)l. .IS 2.06 2.0E-12 0.005 1,52 0.0 1084.7 1048.6

2.o0 959.7 923.7'I'I_I,-TMI, .12 2.23 2.0E-11 0.005 1.52 0,0 , r_ ,,
2.01.-11 0005 1 49 0.0 2.53 933.2 895.9'I'I)t-TM .ON :2.30 ' _ . . ,

'l'pt-TV .04 '2.3'2 4.0E-11 0.005 1:46 0.0 2.38 916.4 883.7

'l'l)t-'l'N V .33 1 59 3.0 E- 10 0.02 4.0 0.20 900.6 /q52.6
'l'l)t-'l'N .36 1 57 3.()E-12 0.02 1.20 0.0 2.35 897.8 850.5

'l'pt,-llq' .24 :200 7.()I!]-1:2 0.003 1.65 0.06 891.1 /q43.8
'iYb-'l'N .:iii 1 57 2.0E-11 0.005 1,37 0.0 2.28 856.4 809.1

'l'cb-IIT .:2,4 2 00 7.0E-12 0.003 1.65 0.06 2.32 855.8 808.5

"I'cl)-TN .36 1 57 2.0I;3-11 0.005 1.37 0.0 2.2_ 850.9 _q03,6
Tcb-lIT .2,1 200 7.0E-12 0.003 1,65 0.06 2.32 850.2 802.9

'l'cb-'l'N .36 1 57 2.0E-11 0.005 1.37 0.0 2.28 846.9 799.6

'!'('1) ll'l' .2'1 2 ()() 7.0E- 1:2 0.003 1.65 0,06 2,32 846.6 799.3

'l'cl_-'l'N .36 1 57 :2.0E-II 0.005 1.37 0.0 2.28 796.3 749.0

'1'('1_-11'1' .2,:1 2 O0 7.0E-12 0.003 1,65 O,O(J :2,32 776.:2 736.8

'I'(.I)I_,.'I'N .2s 1.60 <1.()E-12 0,006 1,,1_ 0.00 2,33 767,7 72f)._
'I'(,I_I)-'I'N .2s 1.60 2.()E- 11 0.02 1.4 0.00 '2.33 746.3 693.2

'1'('1)1)-.'1'1' ,25 1,90 2,(JE-5 0.()1 2,7 0,05 2.5!) 715.9 693.2

,lt

(;5



,o(:[[lCl(:zlTable A.4. ti'ItA(',TI}RI'; l't_()l'l",l/'l'll",,q (.\':tl, (,,,lttJ('lJl,,,tt (' ' ' l,s)

Unit l:'orr,si ty l;'r(,(lU(,n('y h'S,._ -}_]]i,i-:i[i {lri,....... (r /q ,5'r
..o.lll, :_ l,,,I,_,_' /Ii,, l/m

Tpt-TM 3.E-5 5 '(ii!i;-._;......... I; .... _.'2,_ 4.23 0.0d

TI)t.TI ) .,..__-,,'__, r, 5 4.1,,-.) (i 1.2s 4.23 0.04
" . .,_s ,1.23 0.0,1TI)t-TDL 1.8E-5 li ,1 E..5 (i I')'

.,S 1.23 O.()dTI)t-TM L 3.1,2,-,5 5 ,1. !,;-5 (i I ') '

Tpt-TIVl ,_.l.,-,q 5 .1 l'; 5 (J 1.2s .I.23 (].Od
. .,.S .1.2:1().OdTI)t-TV 2.E-,1 10 .I E-5 20 1 ') '

1_-,) ,1 i;' r.,_-.) 22 1.2H l:2ll().().ITI)t-TNV 6.6. ;' " 3 .

'I'I)t-TN 9.E-5 3 S.I,;-5 30 1.28 ,I.23 0.0,1

TI)t-13T 1.8.E-5 3 3.1,;-5 (3 1.28 d.23 (1.0,'1
, Tcb-TN 1.8E-5 3 3. t"-5 6 1.28 ,1.2'3 0.04

Tc, b-BT 1.8E-5 3 3.F,-5 6 1.28 4.23 0.[)d

TC pl)-TN 3.E-5 3 3.E-5 (3 1.28 d.23 0.04

'I'cl)P-TP 3.E-5 3 ,I.E-5 20 1.28 4.23 0,0d

Table A.5 ,. ()LUTI:_ SOt/P'I'I()N (',OEFFICIENTS

Unit Cs-135 NI)-237 '1"(,-99 1-129

Tpt-TM 100 5.0 0.1 0.0

Tpt-TD 100 ,,5.0 0.1 0.0

Tpt-TDL 100 5.0 0. I 0.0

Tpt-TML 100 :).() ().1 0.0

Tpt-TM 10[) ,q 1) 0.1 0.0

Tpt-TV 100 () 5 0.05 0.0

Tpt-TNV 0. () 0. 0.0

rFpt-TN 3000 :l (1 0. ().()

Tpt-BT 3000 3 () 0. 0.0
Tcb-.TN 3000 :l 1) 0. 0.0

'Feb- BT 30[)0 :l (1 (). 0.0

'l'cpp-TN 200 5.(1 (1. 0.0

TCl)I)-TP 200 5.() (). 0.0

d

(;(;



Appendix 13. I{,efi_re.n_:e Infi_rmation Base

ll,t'O,'lllatit_,l I'rOlli tl,e Reference Information Base

Used i21this Report

'l'i,is r_'l_,lt ,'_),ll_il,._I,_, illl'_,,'lllal;iotlfrom the R.eference Itfform_tiotl I3_se.

('a_l_iitlnte Information for the Reference Information Base

'l'llis v('l,t,vt. _'t,lll,_dllsIlo {'a,llcli(la,l,e illt'ol'm_Lion for the Referenc, e Informe_tion Ba.s{,.

Candidate Information for the

Site & Engineering Properties Data Base

'l'llis rcpovL c()lll,_,illsno c_mdida.l,e information for the Site a,nd Engir_eering Prol_c'r--
1,i<_sI)a.l;,LBa,se.
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