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Diffusion of tritium in arid disposal sites 
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OiviAion o! Soi\to, Comtltunw~ullh Scu.:nlitlc ~ml huht•l~l~lll.c~oentt\1 Or~anl.nlll>n 
C11nherra. Aoatruhu 

W. R. G:trdnr.:r and R. K. Schulz 
Oco;:~rtmcnl of Hnvlronmrn\111 Sc11mcc:. Pnti~ uml ~lnn<~t:cmcnt. Ctlllc~c of :"'.1hlt1•l Rc:...,ur~c' 
Un1: enity or Cullfomiu. Bcr~ch:y 

Ab,.tn•ct. Tritiutcd wutcr, rclcu~cd nt 11 point in a uniform, relative!)' dry ~oil. JilTu!\C!\ in 
both the liquid and vaf!Or phii"C'· ,, mudcl which llc~:ord!> well with publi~thcd dat.'l 
indicate~ tlwt the: flux dc:nsity of tritium in the lk1uid c\:cced!l th:~t in the vapor phil~c 
provklcd the w~1ter CCtntent i!O grcntcr than appro.~Cimlltdy ~(lt;n of the totul !>Oil poro~ity. 
Titu!o tritium rcdi!ltribution ~h\'Uid he modeled rceo~nizing tr.msfc:r "in parullcl" in both 
phn!-e~. 111c ditfu,ion cqu;~tiun caM in spherical CC10rdinutc"i, am.l t.1kin~ into account 
r&&dioactivc decuy. then provide' a ba .. i~ IOI' oc:~il!!ll of llch.J C:llpcrimcnt~ uno rrc:dict .. the 
long•tc:rm f:1tc of tritiated water refeiL.,ed in thc:~c: e.~pcrimcnts. We ealculnte the: C\'Oiution 
o!' prolile' of tritium cunccntrotion, withill umJ external to the 'phcrc of rc:lea.,cd solutil'ln. 
a~sumin~ the: inilial Cl,nccntr:ttion to be uniform. We: also predict the 'irccd :1nu the 
envelope of the t:'itium maximum a~ it advance~ und :lftcnulltc" in the 1-oil. We brielly 
di!.Cu~s effects of vari;tlk'n in the \'olumc fr:tction" of soil water and uir on the cc·cctivc 
di[u'iion cocfficil:nt of tritium in !.Oilund comment on po~siblc ctTcC't'i e~f Cl'nvectivc 
tram.fcr by moving water nnd air. 
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1. Introduction 
·n11:rl' i~ cnnccm nhout the ,Ji,pll-.:~1 un1! futc of rudtoacuvc: 

muteriHh u~'ociutccl with lhc en~.:rey inl.lu~try. SpecifiCh!ly. 
tiler.: j, unccrt:ainrv abuutthc l'nr~ of tritium which hn~ l~o,;cn, or 
m11y in the t'utur~ be. huri.:d inuriu dl~r.o\tll ~ir~:~ nnd fear that 
!'lurlccJ tritium will llf'peur ut rhe wil 'urf:,cc in ~i~:ni:lc;mt 
nmounts in the v:apor pha'c or will contuminlllc groundw<llcr. 

S11t1le~ I' I al. [ 199~ 1 ,,rr~n:d ;• prclimin:u-y nm•IY!'i' of u tlclu 
experiment prvpo,~,:u to heth:r ucllne the ri~k~ und C1pportuni· 
tic~ "~'oci;alcd witlr thi~ form of wo~,lc muma~:cmcnt. Thai ex· 
periment crwi!hll:cl.l reh:u~c of 11 ~mnllnmoum or triti:Mu w:&tcr 
at a point deep in a dry dc~n ~oil. ·nr~: c11olu1ion in ~puce :and 
time ofconccntrntion prolilc~ wa,prcdiclcll "'II ba~i' for field 
monhoring. ilnd the cnlculations were extended to o!Tcr ordl'r· 
or-m:t~tnitudc infutmution on the lon~·tcrm ctf~ct~ of .. uch un 
lnJecllon. Thi~ pupcr summari7.c' ;u1tl illuMrntc~ ~omc.' u-.cful 
n~pcct~ of the nppronclr to the pronlcm. 

... ... Experiment und Consc<tucnt Condition!\·· 

radilllly. Gru"IIY will huvc nc~:li!~ihlc: influence on thf, proccs,, 
At the s:1mc time the triliutc:d wuter willappcur to Ji~placc: the 
w:alcr •lrl~inully pre~cnt in this rct;i~n f/Jond ,., ul .• IIJ!i:; al"'' 
1". J. \Vi~:rc:n~:it, f'Ti,·utc communication, IC'.I9~J. 111c rudial Ji~· 
trihulion-. of wntcr und tritium immcdlatcly nfll:r rcl~:u~c will 
the11t11~c the ronn ~hown in Fi~:urc I with n ~ph,mcnl ..:llur:atco 
ff\111t ut a r:1dius r .., 9./i em within wh1ch the trilium "(ro11t" 
lb ill " mdiu\ r - CJ.:~ em. 

Sub'Cquc:nt redistribution of wn1c:r within the R~•umption of 
continued "pi~tonlike" di\pl:u:ement of the uril!inal wn1.;r will 
then TC\Uit in the tritium front\ Uflprouehin~ II Jim it in$: ruuiul 
di~tunce r • u from the l'oint of injcctillll, with"' ~ivcn b~· the 
cquatiou 

if V, the 11olume of injc:ctc:U wa!er. i~ I t. nnd the tlnal value or' 
u .. tend~ to O.llo. 

We ~c:ck 1(.) dr~o~:rihc thl! (.'Vtll\ltton or the pro!Uc: (If tritiated 
\IIIIICt 01s it move~ rudiall\' frum the initial di~lrtbution 'hown In 
Fi~urr 1. Since the water rcdi~tribuli(ln will be: rnpid rc:l:&tivc: to 
the: ditru~ivc procc:~~. we: t;akc: n~ the profile :11 timer • 0 thnt 
•hllWI'I wit!'! a • 15.1'1 em. Smi/t's tt a/. [1 '19:.'1] con,ld~·rc:clthc rclcii~C uf I· L. Clr lritlatcd 

water in u l.lrv 'oil in whic:h rhc volume fr111:1lon uf water u .. • 

Pruhlcm Anulysis 
• 0,06 over c:L;n~ldcrnbh: d..:pth anu !he volume fruclion of the 

'oiluir 11
1
, • n.~4. 111e~ vuluc:~ urc con~i,tcnt with etl'cct' or 3. 

l.lc~iccation and ovcrt_,urdcn Ill II depth or ZCJ m in dc~.:rt 'o\11/~ 
whc:rC' the wutcr l<~bk occur..ut depth• in c:xt'c~~ nr ~00 m. 1'hcy 
uppc:M lo 1approxlm111~: conllitinn' where the experiment i~ 
cnvi~•gcd. 

When tritiuted water i' inj~·ctcd "' u pnint in rhi' 'nil. we 
CY.?CCt that the invudin):. ~olulion will adv:rnce quickly ill!d 

·n,c unuly~i' proceed~ upon the: followin!: u~,umption~: 
I. 1'ritintcd wntcr trun,fc:~'> n' if it were wutc:r or wmcr 

v:1pt1r :md ; .. purtitioncl.f between the phn~c\ in pr(lportion tO 
the p:artitionin): of water hcrwec:n iL~ liquid und vupor rhuse!>. 
n,c: lritiUnl concc:ntrntion In the J!ll' f'hU~C ell .. HC .... where 
If ( • 17 x 1 u-" 11t :93 K and 7tJO mm H~: pre~ .. urc:) i~ the 
Henry l:aw constant,nnd C .. ;, the conccntrution in the wutcr. C<li")Ti!:IH 19Y~ by the: Ameti~n Gcu(lhy'licul L1nion. 

J>urcr &lUmber 9o1WH.OZ01 ;\. 
Ollol3· t3117 /9S/94 WR·O:CJt:ISO~.OO 

~. Equilibration l1!' Miter between the liquid and ~ns 
pllll\~;~. in rc:ltatlun to tlmc~alc~ of concern, ir. virtually ln~tun· 

I4S3 
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Fl~:uru 1, The radi11l di,trihutil'll of w:Jrcr una tritium ol'>· 
~er.·e(J immcdiutely foll.:>wing rclc:1~c of 1 L of tritmtecl water 
into u soil with an tnirial volume fruction of water, fl.,, <'If U.Oti, 
and a lolul roro~lt:v urn.Jo. The tritium "front" (Uf /'- -CJ.::.s 
em) lie' behirH.1 the ~~o:;ltcr "front" t'lccuusc the ~yMcm behave:~ 
il!- if the invadinl( solution dbpluce~. in its cnliret~. the wutcr 
orl~:inully pre,ent, The vcrticnl da~hcd line 111 tlldiu~. r • IS.!i 
em rc:prc,cnts the furthest clCCIII'!-ion of tritium when wnrcr 
redistribution ~~ complete:, We llh~umc there i\ nu h~Mtcrc'i~ 
and thut convection with the li~uid wu11.:r ph:a~e i~ the unly 
mc:ons of trnn,fcr. 

runcou~. Thl~ a.~~umruion wa~ in\'Okc:d in rclutlon tu CO: hy 
l'cnman [JQ.:OJ, 'lilted without comment in rclution to tritium 
by Wt!'~ rt a/. [I ~nq. and u'ed ll)' Phillips 1!1 11/, [I ~N! I nnd h~ 
McCarth;l' mrd Jolrnson l J\IQ~] for volatile orJ:nnie<.. 

~. Tht: M.Jil wmer i~ ut 'tntic equilibrium (i.e .• there i' no net 
tlu.~ of the w01tcr il.~ liquid or Vlipor). ·n1is i~ n::asonublc for the 
condition~ we de!t~:ribc. nut we return to it llltcr. 

4. Tritium undet)!OC\ radioactive dccu~ with n hulf·lifc: of 
1:,4 year... 

4. 1-·1ow Equ11tion 

4.1. !\111tcrlnl Boluncc 

The: mntcriul h;alunce C'JUUtion for 'phcrical tluw of tritium i~ 

i1Ct1..,C~ ... ti"C"t ilF ~F 
-----.:.• ---·--J;IH C + f!C} lZ) ill ;,, r · • • ~ ~ 

In thh cqu;ation, r nnd 1 nrc rudial dihtancc and time: 
( 11,..C,.. + tltJC11 ) i~o the mn\h nf tr1tiared w;ater/unit ~oil volume: 
fo' \!,the 1.1\1\U\IVc: !lux or triliUnl (~rUm\ per square centimeter 
1Jf' .. oil per 'econdJ; nnd the third tc:nn on the ri!(ht rcfero. tu 
rudiouctivc decuy with dcc:1~ con~tunt I; ( .. ~59 x I 0 · ~ 
yr-1), 

When the liquid unl.l.::•' phu~c!l lltl! MilllC, f i~ the: ~um of 
F.,.. the datru~iw fiLl); of trttium in riu: w;uer, unll f 11, thltt in the 
!(II' phll~>C, niimdy, 

F • F ..... F, 

When (Z) nnd (3) lite comllino:cJ, we obtain 

urn.c .... ,~Cg) MF,.-F~) :tF., ... F~l 
----..-... IIIII - ... - _.._ __ 

~~ dr ,. 

(J) 

4.!. Flux &jmtllon11 

The fl~U of tritium in both thr liquid and vopor ph11~c~ 1\ 
ba:o~ed 1)n Fick\ l11w for porou~ media, numc:ly, 

(5) o/ ....,, 
I 

In(~). r: i~ u fliC~(l~ wh•Ch ,aCC<lUMt\ (or th~ vulumc fruc1ion () 
and IOr1UO~ily uf :he rclcv;sn: pha).C in j)OrOU!i Olcuium (low "! 
(~cc, for example, Jwy rl a/. II '~"II un(l,'-.blli118IOII [IIJS9J): D i~ ;~ 
the dltru~ivity Of ITitium in I he T~ll'\'ilnl phlt~C; anrJ II (.'/,)r i'i the :£ 
spncc ~ruclicnt of lht' tritium cont>cnttatior. in th~ rclcv;,nt .;;, 
phn~c. 

We 110w ~~~'um~: :hat the Jil!'u~1vc rlux ~<In be calcul;ttcu !ly z 
trcatln~: li~.juid 11nct VIIJ'1.!T :ron~fer U\ puralicl, additive pro· 
cc,o;e~. We ;ll~o recall thur the m;~~~ ui,lrihution of triti:llcd • 
wntcr betwe~n tile liquid and ''dpor pha~~·, is ):!iven by C., .. 
NC ... 11u~ totnlllu.>; of tritiUm, c.\)1rcN:d in term~ of the ~pate 
gradient ofth~·•onccntration uf trrlium in the liquid phu": und 
D•, ihc cl!'cctivc difTu~avity of tritium in th~ ~oystcm, i~ then 

oiJ. ~:lfccthc Dllru.,lvlt,·, (J• 

From (S) nnJ (6} anu Henry\ luw itli11low~ :hat o· i~ &ivcn 
hy 

(i) 

iu whkh the vuJ'llf diffu~i\'ity J) tJ .. :.s i :>\ 10- 1 cm:/s [Rmt', 
I1Jb6]; the liquid clitfu~ivilyiJ., ... :!.:11 x 10- ~em:/~ f,'f,J,II/0, 
JIJIIl!, and It • 17 .'< 111· '', If we nClw :t\~umc tht~t r. • •.r"·~ 
(nr both the ~a' :mu liquid pha~c dJ!Iu'k,n [.\fillin~ton. J~SClj 
(but "ee. fnr e.~:l111)1lc. Cllff'it' ( ll.lhll)J, then rtu:: ciT!!ctivc rlitfu· 
~lvlty D., accr,rdillg tl, (7), i~ )liVen hy 

n· ... :.:t:~ x H,-~o!, .... :s:· :-. tn- 1Ht~;.., ~·m:t~ 

.. t.l!(l .-..: ro·• cm:;~ (H) 

whrn 11.,. • O,llll and l•v .. 0.:!4. 

"·"· 'rhr Dltru"lnn ,.~,uuthm 

Sull~rilutlun or tt:~l in the tnntcriut b;llnnce (4J ~ivc~ 

.-., o.c .. J (,;:c.. : :•c.) 
- ·• D" -· ,. ,.. --- - k(II.C • .'t it/ ,.,,.. r i•r 

( JO) 

f.:4u01tion (IIJ thu~ treat~ a~ nc;:li~ihle the umouulul tritium 10 
the j;/1~ phli~C (c.,;., li,..C ... > l u·' fi.,C II ,, ~. > I '7 X lO -l /If}); 
ir accounL' for tran~rcr in the ,:n~ phuo,c: thrnu~h (f•) und l.i), 
h11wc:ver. 

If we n""'' 'liviue (\1) hy 11,.. u~~uminto: it Ill be con\lant in 
~pace unLI time, nnd inlroducc the \':Jriahl~ ('• dclincd b>• the 
Cl.jUIIIion 

(II) 

ihe \':Jtinblc c· i~ e~~enrinll~· !he "undccayed" !w.llutinn con· 
cenrralil,n ur tritiun1. IL• inlmducltllll reduce\ (9) tn th~ more: 
munngeahlc (1:). After M.llvin-'" (!;::),we then invol;e (11) to 
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DC:Cotmt for dc:cny, and tbc:nc;c recover the :•ctuul M>lution con· 
"C:ntration C ... nt the rc:le\•ant vnluc: of time I, 

S. Solution or the Flow Equation 
We seck 11 ~ulutlon to (1::) for the conc.Jiuon\ 

0 < r< a r ... 0 C. • c• • Co 
( 1 ~) 

r>u I • 0 c., .. c·- c, 
in which C0 una C, nrc thu initi••l 'olutlnn concentrution~o in 
the released wntcr and the: 'oil. The initial concentration of 
tritium in the: soil, C,, is tukcn to be zero. 

The ~olution of (l:) nnd (13) fLovr.rittg, 11J3S: C.'tlr5lull' 11nd 
Jar'gct, 1959] is · .,, . 
.. Cu ""~:rr[(R • l)/T'11)- crf ((R- ll/T1')] 

- r•:~I(Rr.'''){:xp ( -(R- 1):/11 

...:. c:xp [ -(R + 11~/Tll (lol) 

In which R and T arc dimcn~ionlcs~ (troup~ dctincd by 

R • rlu (15) 

rlgurc: : ~haws lhe normullzcd concentration of tritium, 
c•;co. c!Uculatcd ~In!! (l.t) iJOd ~:ruphecl ~~~II function nf R, 
Cor T in the rnnue 0 < T < 1 0, 

Discussion 
.. 1. ~lutlon In Olmen"lunle~' Form 

The lnformullun In f!lgurc ~ i~ ~c~ribcd In dc:lail in the 
Ctlptlon. Speciflc::tlly, we note thut the tritium cronc..:ntmtion i~ 
normalitcd rc:lntivc to C0 ; the rudi:ll uistltnce i~ normalized 
relutlvt' to a "' l!i.H em (compure Figure 1): T mu~· be u~ccl to 
calculate the "renl" lime at which u ~rccillc profile j, oh~l'\'c'l, 
u~in~_: (15) :.nd upproprintc vnlue" of D•, t:l,.., 11, und r: ami 
rndio;~ctivc dcCII)' 1~ accounted for implicitly in the normali;o;cu 
conccntrntion!> since c• i~ rein ted to C,. by (<I) and rccallln~o: 
thutk "'S.S9 x 10·~ vr' 1• 

Bccm•~e of the re!:ulnt~l)' importnncc of ancJ nbility tu meu· 

.. 
.. 

o o... o.u 1.2 1.e ::.o zA ;;:,6 ;1.2 
11 •!(fl 

· Fl~tul'lt .:. ":'rillum retli~trll,ution in •ptu.:e with time from the 
"()nCcntratlon protile of thl' form 'hown in r:IJ:tll'~ I. Concen· 

UOII c• (curfC! per Iller) f~ C'q'!re~~Cd ll\ II frnctil)ll Of the 
Ma1tllll concemrution C0 Ccuricll per liter). c• i~ rclalc~ 1<'1 the 
"dc~tyc:d" concentwtion <.: ... accortlln~: tu (9), Radial dil'tllnc~: 
ls normulizccJ ns R .. r!", where ,, 1~ the r:1dlus of ncJvnncc o( 
the trillum at time t ... 0 ~hown in Fi&urc 1. Th~: profiles arc 
pnrnmelcrized by T • J,D•tJu:ll .... 

0~------------------~ 

•:O ~.-.~-~-"-~-_...-!::_.,.. 
0 20 

r(m) 

l~l~:ure 3, Cirnph corre~pondln~ to Fit:urc :. 'howinJo: thc 
ph\'Sfc:tl dislrlbution Of tritium when Q • 15,8 Cm, D• • 
J.iR x 10- 11 cm~/s,und fl,.. • 0.06 fort In the rnngc 1 < t 
(veat'!l) < ~00 and r in the rnn~tc 0 < r (mclcl"i) < ~b. ln this 
ir11ph the conccntrntlon C,.(t) is corrected for rudlouclive 
dccny using ( 11 ), but nonnnllzcd with rcgnrd to C11 • The num· 
bcf\ on the curves repre~ent the t.imc'l when the prolllel\ arc 
rc;~lilcd, 

sure very low tritium conccmrutlons, 11!-lZ'Cilt runge of C"/C0 i~ 
required uf the C:Jlculntlon~. TI1l~ r1.nge mukcfi the ~.:alctOlntlon 
of the error !'unction terms In (14) critically im)'Onunt and 
make~. Cor cxumplt<, the othc:nvisc convenient fivc•tcm1 serie~ 
cited bv Ahrumowit: and StrRtm ! 1965, p. :!99] lnupproprh1tr:. It 
nl~o in.troducc~ problems bc:cau~e of the weut time~ nnd dl,. 
tnnce~ over which (13) o;hould :1pply. We return to liOme of 
thc~>C i.,~ue~ hclow. 

Note ;1l~o thut for R < I, the conccntrution of tritium 
r.lccrcn~c~ throu~h time r. For ''"Y Vllluc of R > I, hOWl"Ver, 
the tritium conccntrntlon tim fncreusc~ from C, rclatiwly r:1p· 
ir.Jly u~d then slowly decrcu~cs with ume 11s dll!usion continucl!, 

6,:, Sulutlon In flhy~lcnl S1mcc untl Time 

Figure 3 ~hows the r.latu of Fisure :: recalculated u.s 
C..,(I)!C0 \'C~u" r, (oru .. 1S.8 em, 0,.. •· 0.06, 011 • 0.::4, 
nnd D • .. 1, HI x 1 0 -II em~/~. The prolllcs nrc pnrnmetcrized 
lly 1 in the range !0 < r (yen~)< 300. ln tl11~> srnph C,..(f) 
rcllect' rnL1ioncnve dccuy nccorcling to (11). 

ThcKe dutu predict the ~oil respon..c to the relen~e of trill· 
11ted wuter nn~ otTer a bn~i~ for expcrimenllll ae~i~n. ·rhu" 10 
vear~ 11f1er rc:lcuhc or the tritiutctl wuter, C..)Co (mcn~ured In 
the liquid pht~~e) S m from the point of rclcu~e of the tritium 
i~ upproxim:1tely 3.4 x 10 ·H. This rcprc,cnL~ n conccntrntlon or 
3.4 x w-: Ci/l..lr the initiul conccntrution were 1011 Ci/1 .. C11 

will be 5 llrdcrs or magnitude b~ than this bccUU!iC H - I 7 X 
1 o-". A I·L. ~:n.' S11mplc ~lowly withdn•wn from this rct:ion will 
cuntuin -~.7 X 10-7 Ci (:.1 X W Bq), 

Wc;o also ~Ct' In Figure :1, for r > u, how C .,./Co lncren~!l to 
a maximum and thc:n dccrcn~cs as both dlll'u~lve rcdi~>tributlon 
und radiuncrl\'e dccnv wke clfc~t. Thus 111 r • S m, for c.~nm· 
!'lie, C ..,I Co Is orlgln~•lly zero, 1'1 -3.: x w~ 17 after 3 year,, 
mcreo~c' to -1.1 x JO-"' ancr 30 yean, but by 300 ye11~ hu~ 
<.!CCfi:II\Cd H!:Uin tO -~.3 X 10- 1·', It J, -~,4 X 10-" lifter 10 
;~ n d lOU ye ttr~. 

This behnvlor of the local ma:o;imum provide' a useful wny to 
con~ider the: c.Hffu.~ivc trnn~fcr of tritium. Flf:Ul'e 4, for exumplc, 
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0 100 m 
'flml ,.,..,., 

~o·r~:un: "· Graph ~howlnj; the ltd,·nncc, in lime. of' the mll.'{i• 
mum tritium conccntrution, found ~ dctcrmlnin~ it(C.,.(I)I 
Cu)lc'lt • 0, !rom {16), for r in the r11ngc: 0 < r (me ten;)< !iO. 
!':otc lhc linc:urity or the rclution torr> --: m. 

shoW!> the udvuncc ofthc maximum in C,..(r) (whrrc ii(C .. (r)l 
C1,)/iJt • 0) liS a function of time. Note: the linc:aruy of the 
graph ufter the initiul 10 )'curs. ·n1csc d;tta moy he ohti1incu 
exm:rly by di:fr:rcntintint: (l~) with rc:~pcct to 1, c:urreclin~ rnr 
rudiouctivc di:C<I)I u~in& (9), und 110lvin~o: for •'J( C,..(t)ICu)IM • 
o. Thl~ Ci!lculutlon I~ tcdiou~. however. :tnll in the prc~cn1 Cia~ 
we u~cd (lb), numc:ly. 

~a' ( r ) 
C,.(t)/Cn • t;T;irt/II,.J:t.-: cxp - •10•1111 .. - kr (lb) 

Thill CCjUillion lr. the MOiutlon or ( lZ) subject to (13) II~ (I -

0. It rcprc:~c:nt!l n 1o0iution to the purc:l~ dllfu,.Jonul problem 
[ Canlm+~ and Ja~tr, 19:19, p. ~'iiJ, combined with (II) to ac• 
~ount for deeuy. It otfc~ nn excellent approximlllilln for (14) u' 
r inCfCII~CS n:Jallvc 1011 1 IIOd II~ t inCTCil~t'~. 'J'hU\ for D•ttJ.,. • 
1.97 x to·' cm2/~ ut r • SCI em. the: di!Teren!;c l,c:twcen the: 
IWO !tO(UtiOn!oo iA h:No lh1111 $CJC. nft.;r 0.~ ycurs ;and ~~ fc:!i.' thun 1 'it. 
nft1:r J )'Cnr, In rclution to (15), we note thul J, Knight (rer• 
sonul comniunic:~tion, 19<l4) has devcfl,ped nnd detnonstrotc~ 
nn npprox:imnte M~lution of (1::) subjr:ct to (13) which i" nH,rr: 
:u:curnte thnn (16) at short time~. 

F'lgurc 5 b ulso c.tlculutc~ u~oin~: (15). It ~h~1\Y'i the envelope 
of mt~~imn of C.,.(t)/C0• for ull tJmc, fl,, m the run~e 0 <: r 
(mc:lcl'\) < ZS. In it we observe; for example. that 111 ., dislllncc 
of 6 m !rom the \Ourcc C.,.(t )!Cn will never excctu :.67 x 
to·', while m:oomn ut HI, ;;:u, nnd .tn m fire, re\pc:,ti\·cly. -.:! x 
10-01

, -6 X JO•I<I ltnd -I )( w-;~. Fl~:urc 4 ~hOW\ thKI lhc~c 
mux/m11 urc: rc:lllzcd 111 39, iU, 1 SS, 111111 3::!0 yc:on;, !"~pcctivc:Jy. 

Flgure5 3, 4, :tnd 5 thu~ provide useful m~iGhls into the dec.1y 
1111d redl~tributlon process, nnd (16) pro.,.idcs n U!.c:ful ;approx· 
imatc method for dctcrminin~ the lntermedilatc und long-term 
dl~tribution of relcltM:d tritium. SpcciO~o:<~lly, ror our prohlem, 
the followin~: conhidcrntinns nrc noted: 

J, AI rhu Wlltcr wblc, no uirlum will c:v~·r bl.' dc:t('etilhlc 
using prc~ent methods. We infer this frnm the flact th:tllll ttO m 
from the point or rch:II~C. -3.3 )( w-::.~ X ell Ci/L will he 
the grct~lc~t vuluo of C .. ever uchlcveu. Thi~ rcpre~ocnt!t -1.: x 
10-M 13qll. und iM un~ctcctnblc by prc~.:nt method~. 

2. At lhe ~oiiNurliiCC, und m:glecLing eomplicutions rdut· 
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inJ: to SOli MructUI'\', Wlll\...,.l.'lllt'llcnt. tempernture, :rnu air rre .... t 
~ure vHriubilll\' m ttl~: h"f' :-.' m. w.: ~~C1 the maximum vulue" 
uf C..,JC11 ~''I~-.(,,;! o: II• ... ;1rt1l C.(m:u) ... ft.~ 'I( w-" Cill.. "j 
(:0,:\ X JV·' ll<j/L). Till' ViJIUI.' I\ U(.'l'rO:<imlltcly 1/~ll ul' th~) 
ml .. ~imum p~:rnli"i.,ih!~ '"!1\'\:ntr-.twn for tl'itium in wntcr re-L 
leDM!U 10 iln ~>nrc:Mrt~o.'ti.'U Ill'\: IS uf ,l ... 111''11 Cill. [NIIc/t'ar Rt~· 
ulatol"o' CtJmml$wm, 11N:I,, 11 110'111 t-o.· .-.:hii."'V~:d lllh:r -I !iS YC:IIN.;~ . • J 

.. 1 

" We rcilcriltC thut thc'C Qh:ul.atwn~ were dcv~lopcd to prooC..f 
vide: a h:1s1~ for dc:,i~:n of a fltlc.l C'\~rimc:nt which hn~to yet to be 
:~pprovc:d. 1'hc ttl'proach ih prt~lc .. tc:Liun the n~'umrrion th11i 
the: 1o0ll j, lwmo~:cncou~ nnd ~ow ~ell ~huYed. Tha~ will not 
11lwnV!' be· th!: cu-e. ;and " '~lr.om~> "PI'"'..a~:h mll(ln be mtlre 
IIPI'~priutr: for flclu de)l~n rnr WIISIC \lllt;l)lC: than II dcu:mlin· 
i~tiC: one. At the 1101mc time. u detcmlini,til!' 11pprouch offcl" u 
~Iter llf'prn~tc:h f11r proce~~ ~tudie' nnd for cMimatlon or m11· 
tc:rinl proper! ie~. It i!'l therefore U!'Cflll tmcfl~· to comment on 
""'c:r:tl i1,ue~ ;,frl:ctins: :tpplic.1tlon of the i!pproach. 

h,,,l, CnU\'I!Ctlun or llqulcl. c~lnvc:ctlon of lrl~lum will he 
in1f10tlilnl if ~igniliCIInt liquid flow occun. Cllt:ulmion~ buAcd 
on dawuf Uo.lt' ct nl, [l!Jb.'IJ, eMim:1tc~ for 'imilurenvironment' 
[AIIiwrt rt ul .. liJ~$: Sconlo11, lWl} ba~cJ nn c:xi,.,lin!: dcep ,~,if 
chloride concc:ntro~tion und w:ncrcontcnt 1,roOic,, nnd infem:J 
~"""' ruinfnll rat~:~ nnd chlurJd~: CMt:cntrutil1n~ su~e!ll Lhllt 
wnh:r nu.~c~ ( F w) nr orucr 10~" em; .. mi).!hl be ob~CT'\'Cd. f'ltil· 
/ip) r:t al. [ J9ti~jJ~::~Iculnte tlt~,c:~ ;Jbi.~ut :1n order or ma~:nitu~c 
~rc::,rc:r. !\uch nuxc.~ imply l.l drill towaru the wnter t.1blc at u 
velocity t • F ..,Ill.,.) of order w·" tn to-' en"'· The center of 
ma~~ or thl.' !tph~:tc: uf tritium mi~;hf then he c\pcclcd 10 .1rrlvc 
ill \he water tnhk :oo m bell'IW between MlOU .tnd tlO,OOO ycar.o.. 
COII\'C:Ctinn wilt therefore be unimport.'lnt ~after the initi;ll, :and 
minor. rcd.lltr lbution oil he reh.·u~cd triliutc:d Witter. 

(j,'\,:, Cun\'t'\'llon or\'RjXIr. Limitcu ''puml'rn~:" Ulo«illtcu 
with f1CI'il.luic 111:no~phcric prcl>.~urc ;mel temperature chunj:c!o 
m1w occtar :u m beneath the !ll.lil ~urtucc. 'rhc mut:nitude of H, 
as ;,.ell :v. r11p1d cquilibrntion l'lelwt't:ll I hi.' phu!ocs, en~ures that 
thilo form u( trttnsfcr i\ j:rcutly \llf'f'tC!otoc:U, and we llh!oUmc thl\t 
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Fi11un• f., '11u:~ cn\'clupe ,,f mnximwn \'<tluc~ of C,..(IJ/C0 for 
r in tho: range U < r (mo:tel'!l) or.: .JU. '1'111.' luc:;al cuncentr:ulon 
C .,.(I J willm:vcr cxcccll mru:imun• vt1/uc~ c.JcllnecJ h,v 1/li.\ cun•c. 
Thu" nl r • 10m. C,..(f)IC 11 c:mnot exceed :.s X 111"'\ so it' 
C11 ... 10" Ci/L.thcn C..,U) lVIII never excc.:c:d :..5 x w··;\ Ci/L 
there. 1\ccordin~ to Figure 4, this conr:entrution will be: al· 
t.1lncd ullcr ··73 ycun;, The corrchpondin,; con.:~:utrution~ in 
lhe Jlll!; phit~C of the ~oil will t'C l1:s~ thnn thO!tC in the wut~:r hy 
the tuctor 17 >: Hr". 
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it c:m he neJ!h:ctcd. In ~amplrnl( in the prnpo~cd cxp~:ntn~:nt we 
tllu~ u.o.11umc \hilt ;~ir w:th(lruwn alii P'>int in th~· ~1jl rc!lccls llu: 
'>Oiutlon cun~cntrntion thcre. 

(,,;~.;1, 'l'ttlllJ,I!ntture etrcetK. We .. ;milnrly 11\\ttnlc th:tt h:m. 
pcratur" vnriutiun, in ~p:tce und tim.:. nt tlli.\ dt<plh cnn be 
nc)(lc:cle•l. Tllt: uctunl lempcruturc "uunur be: i~:not.:<l. hm~· 
ever. Data of Scolt and Par.t:o/J (I '17~1. for c>:llmJ'IIc, shnwc,J <~n 
urdcr~lf•mugnitudc incrcu...: in their dllfusi\'ity :11 u ... "" O.IJ5 
a~ the: tcmpcr:•tun: mcrc:"cd I rum ~·c lo ~~.s··c.. TI1i~ incrcu'.: 
Wtl\ !:fcurer thun thutunticipurcd from varyin~ H nppropri01tcly 
in (H). Furthcrmore,theil' datu \huwcd an increa~ in diiTll'iil•iry 
with incn:u,lng wurcr content ut .t:•c, hut u dccre;1~c: in the 
JIIJu~olvfly with incre:1~in1! wat.:r content at ~s·c. Simple :Jppli· 
cation of (S) une, Ml flrc:clict thi~. 11nd thi~ ~U!-!~t'~t~ a n~·cd to 
nwre curc(ully c~uminc tmn•fcr or rriti11tcd walc:J· in Wl~ll!ur· 
:1ted ~nil. ~iwJtltJ [1 111'1 11 collotcl.l d:tta 'huwin~,: the tcmper:Jturc 
dc:pc:nclenc.:o of the: ,eJf.l.fi!Tu~icm coetH('ient of liquid w:1ter. 

''"'·"· Curflldrnllo n•unrJ n•m_ Uoth D· ;mu f)•IOM. arc 
CHIIed dillu~ion c~>c:llici\!tll~ 111 .. nil .. ~icnce litc:rilturc. Cornp:tr• 
t\Qtl, for c"amplc, of ~li"'!U'"'l'll~ lit' 1!0~ tluw ~y /lil/1!( I iV~ttl ;~nJ 
hyJUI11.'f u/,! 1 QQ!j ucmon~lrute di!liC\Iltit:' .111d incon,htcncic~ 
that ari~c: in rcl:•tk1n Ill their ddinHion ancJ intcrpretali(lll. 

D· j~ ellcctivcly IJ ''tr.m,ft•r cocnieienr" IJS uelincd in 15) :Jnd 
(6), D"/(1,., on tht o!111:r hund. b a "di:ru~inn ~:oc!fkh.:nt" 
in~ofar ''"It i!l the codlich:nt in the dill'u~ion equation(!~) untl 
it rc:rre,cnto; "trun,fc:r" (IJ" J o.li\·idcd hy '\:upacity" (II •. ). 
D ·: u ... corrC"•!'OnLI~ exactly ,,, whut Jttl:'t' rt a/.ll'~'ll, p. :171~::•11 
a "~cncralizc:u clf~:c:uvc liljuid·l:lt!t ditfu~ivn ~c't'llil:icnt," hut 
note that Jut)' ct a/. (1 1l'lJ l dctluc tluw tn rc~pmN: \1) itC111itr 
•uthc:r thun iiC ..,liJr, a~ we hu\'C:, Sfl\•ciftcally. I hi! Jury ct al. 
.;uc:llicienr in our tc:rrnill~,luJ.:.V ct~uul.~ f)•I(J11111 ·1- 11,.,), with 
1!1e acnominator uri .. inl' hcc~tu-.c they :1rc nnt :1hlc 10 u~t: our 
11ppruxi1T1:aring equation (10) in lh~·ir problem wllh CO:. 

In thl!» rc,pc::t we not~· 01lo,o that t•Ju/lips a•t 11/. !lll~Kj, in 
cunsidcrin~ lh~ f<~IC ,,r wc:nron~·dcriv~d tritium, ucttlc~tcu the 
uilfu~ivc flux of tritium in the !iquiu piJU~t·, althOUf:h they rc:~· 
Oltnizcd the imrorruncc: or its .. ll'lrllJ.:I: In that ph:t,c. In uoinj.: )1(1 

the~· follo~~:u Wrr•ks c'/11/. \IQI:l:!] wh(l refer to Pr.nmrmllii~UJ. 
The: former lltllhol') dealt with lluoror;,rl.mn,, while l't•lt,.lll/1 

lll.lolllj h~c.J CO: in mind. Both 1:u~c' arc much !c~' ~~!uhlc in 
w:uer th:ltl I~ tritium, huwcvcr, 't(> thl! difru,ive tlu.'c:' in the 
wuter ure l'l!iHtivcly le~" iruport;~ntth.u1thar fnr trll:atc:d water. 
J:.qu;uiun (fJl implic" thlll nut till 11 .. - O.OIJ do~' F~ .. F.., 
when II.,. .,. 1111 "' 11,,:1, and ~:cner;tll~· llu\ in the f.::J\ (lha~c 
Cl!CCI!d' thut in lht,: liqoiJ ph:lhC.: only ~·11CI1 1/11 .:• ~II.,., 

F'iflUrc f.l !>11\1\V\ \'IIIU~~ u! 1)•,'11~. CIICIIIittc(j U~IOI: (S) fur It 

ran,~:.: uf w:ucr conlt:nt' 11nd total rorl"ilic' or 0,;1 o~nd UA. Wr: 
:tl~o 'how d:tt<~ mcu .. urcu by S!lkll.rama a111l Ju(k.ton I J ~ltJJ, 
Seem mill Parr:ulcl (1<17l'(j, Hnd torok r'/ tJI,IJ 11!1lj lllthi~ lt~un:. 
Outn ralCtll:ltcLI u"in~: P9 corn:,pund well Wlth the majt•rlly uf 
m~.:u,urcu 11;1luc:s but he wdl ht:k'w the hij!h valw11 vf Tnmk ,., 
11/. [Jl191J for their .. smd~. Equ.111on (.'1) t.loo:~ not JWdict tht' 
muximurn ohloCI'I'c:d tw N11kammum•J hte'k.lrm 11%3] :11 k" ... 

0.04, althou,.:h il doc~ prctll~t :J minimum uh~rvcd (nlthou~o~h 
Ill much hi~thcr water contcutJ.) l'Y Sccrtt and l'aetlulu. It i~ 
C\ildcnt that hoth puro .. rty and wntcr conu:nr muM be: mca .. urcu 
:u:curKtcly when dctcmliniur.: D•tn •. 

Dc,pite thc:\c tt~trcctncnt!-, Wt' rc:itcr:ttc thllt (1\J onl~ pn, • 
• ide:' un c~titnalt: of D• lor ~oil ''"~tcm~ for which w.: h:w.: no 
mc:a~uremcnt. II i~ ju~ttlh:u Mlld~; on it' uhiliry to tniJII:h mea· 
'urc:d v11lue,, Jill)' -:r ul. pc!l.ll] ioJ~:ntil)' other cmpi"a:al furm' 
which might h:tvc hc:t'n u-.cd. "' 11..,- 0, ull modd~ {If thi~ "~"~M 
fuil. 1'Jtis i~ ~cuu~c at 1•ery !ow water cmltc:nl~. wntcr film\ 
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Fl~turl• (t, ur01ph ~hOI\'in~ l'ariution in D•/11., with fl .. cnku· 
luted u~in~: (II) for totul '-Oil poro,lttc~ of o.J 1mll 0 . .1. The ):raph 
il!!oo 'hiJ"'" dall:a mclt~urcd tty ,\'uka.Wima 111111 Jucl.:.1011 [IW1JI 
('•~n cir..:Je,), SM/1 and f'o<'t::olcl !IU7!l] (!oOhd circle~). 11nd 
Ton'S; rr ul. jl<iQ\ !tor ~md (open '~uttre~) ttnu 11 'llndid~y 
ffii'(ll/TC ( 'llltd 'QUUrC:\), 

hccc,mc Jl~continuou ... :•nd tran~rcr become., more: .:ompli· 
l.!ot!Cd thHil i1 "'implc" p:trnllcl lliJW model C:Jil Je\Cribe [cf. 
Philip untl ,),. Jlnr.r, 11157: J'Jail/ipt tt nl .. 1Q~~J. We c:nnnot 
'J'Icc:ify when thc~c pcrturbution~ hecnmc: critic:•! hut llrbitrllrily 
rc:jc:\!1 (S) fnr u,. ·~ 0,(1.1, In thi~ rnn):c: we: believe that D• :~nd 
f)• /tJ., can unly he dctermincd e~pcrimcnlltll)'• 

fi~'·.!i· Furmulutlutt ur rhr dllfu\IOn \'IJURtlun In "oils. In 
dc:vclllplll!( this anuly..i\ it cmc:r,:e~ thur there may he 11mbigu• 
1til:' in rctmlnn to matc:rinll:talanco: (\Cc:, for example, t:4untlon 
(-I) ot' Srunfu,, jl 1llll)) unu the ,J.:nillc;,nce of co"cc:ntrution 
j!tudicur~. t.Jcpcndin~ on wherhcr the tritium Cl,ll~cntr:llll1n i~ 
c'J'!rC\~ed !'t!T unit Yolume uf wratcr or per uuit volume: of \oil. 
The di!Ju\lvitv ;, lite same: in c::1ch cu"c:. To uvuid thc'c umhi· 
J!UHie,, the ~:Iter content Ji,rrihution mu\t be s~citlcd to 
ucllllc l"ullv the sv,rcm. In our ca~ the water content i' "'• 
'llmr.:d to ~c unll~rm. tmu inlcrJHCI/Ition i• \trui,;hrfurwurd. In 
"Y'tcrn~ where the wutc:r content vurlc\ "putiu!ly und In time, 
hOWI,.'\'er. the pmblcm is \l~'ltilicm:t. FormulHllun nr the cquu· 
uun" in :1 l..:t)trunginn c:oMJinurc: ')"lcm \\'hich 'nli,llc .. mate:• 
ri .. J buluncc for the water m<~l' rclo(llvc: rhc!IC umbl~ultic\ (Smi/~.1 
r1 uf .. {QI\ l: Wil.,oN uml Gt'll;ur, llJ~l}. The; uppro;tch rcljutrc" 
r hut wc: cxpliclll\' o.lctine the Wiltcr .:ontcnt 1\cld. h:o- nlt:H,urc• 
mcnr if n.:w,,...r.. II j, th.:n rclutivcl~· unimportunt if there urc: 
locul c.:hnn~e' in water content. Funhc:l'llliJrc, It i~ rci;Hivc:ly 
simJliL• to lake intn accnunt '~"'tc:mutic wnter content chun~c 
:w;nd<~ll:u, for cx:lmfllt:. with nprrouck !rom 11bovc ttl n w;1t~r 
Uahlc or with ll'lt::tlltOil tc'l:turc chunj!c. 

1\c:kltcMII'dltmf'ntt. We un: ):rtttctulto Juhn Mll!hl o! the c~ntrt: 
ror EuviwnmcntHI Mc~h~lll~"· CSIRO. for helpful comment on the 
~~:neml m:tlhem:uiC31 rreJ.Cntutlun, And to Peter KO\~ uf CSIRO Di· 
vhion Ol Sllll• lur ll(!.,.jCC on IIIC rc:Utrd.tl\ln nf uitlllm CUR\'C:O:ICJ Wllh 
n1r in mu•'l 'lnll,. "!11c lt!oelutch .,..,.. !undc:d in I"'" hv the U.S. Nuclc~tr 
lh'lll•latnl')' Cmnmh.•lnn under ~untru('l SRC·~·~:.o':'~. The projc:c:t 
mftn~~cr ""'" t::ct....·ard O'Donnell. 
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erik 1.. Void 
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Chcnur:JI Science .mel Tt!chnolocy Oi\·i~1on 

DI!TERMINATION OF AN IN·SITTJ VAOOSl! ZONEVAPOI~ !'H,\SE DIFFUSION 
COI!FfJCIJ!.'.'T AT A MESA TOP WASTE DISPOSAL J7ACILITY 

Erik VoJdl ;md Bart EklW'Id:. 
1. Lo:. Al.uno!\ ~<~tiona! L.aboratorv. Lo!o Al.1m01>, ;>..'":vt 

::. RADI.A."'l Corp., Austin, TX 

Synopsis o£ problem: 

An importil.'it error hus been found in the droft document, LA-UR·96~9i3, bv 
Don N'ccper which requires significont correction to LA·UR·96·9i3 ond to the 
companion paper, LA·UR-96·1848. Additional changes to accomod.:1tc Den's 
review will J!so be included in the n~xt full revision. 

Synopsis of corrections in the 1:\vo p;tpcrs 

Final Vilpor flux estimates (magnitudes) in T~blcs, discussion and in figures 
arc fortuitously cor:ect sL.,ce two errors cJnccled e4lch other. 

All expressions where VJpor flux, r \'; is expressed .:l~ a function of the 
effective or in .. sitl.l diffusion coefflcicnt, Dv. should be multiplied by the 
correction factor, .Mv/:Vfa, (molecular weight of water :o thot of air). This 
\lllows the tactor in the coefficient to simplify from (MvPn/:V!,,pn) to (Mv/RT). 

The in-situ vnpor phase diffusion coefficient derived in LA-UR-96-1848 by 
compari::~on oi in-field tritium measurements to diffusion modeling should 
be largt'r by the factor Ma/Mv. Discussion will be corrected to reflect thilt this 
in~situ diff1.1sion is ubout 60 times grcoter than expected by closskll diffusion 
in J porous mcditt, r\lthcr thiln the factor of about 40 reported in LA·UR-96· 
1848, ilnd d iscusscd in both papers. 
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Discussion of corrections in the h-.·o p~pcrs 

The problem in u1-UR-96-9i3 b introduced in Eqn.4, which W~S written 

Pv £.E. ££ J?.::.. 
Pu = - P" = Pa = Prt• Pu Pu P.~ P11 

OLD(.t). 

For nn ideal gns, p = Mp/RT. Under the conditions n~sumcd (Tv= Til), Eqn.4 
should be: 

p,. :Vl\•Pv _ £y Mvp .. 
Pv = - Pt~ = '·! p Pil - p M p P:~, 

P ••,,n ~·ila il 
~EW(4) 

where Mv is the molccul.:lr :nass for wnter \'Jpor (18) and M., is the molecular 
mass for nir (npproximntcly ZS.S). Eqn.5 for the vJpor flux, rv, .:md nll 
subsequent equations invol\·ing ~he vopor flux should be corrected by the 
factor, Mv/M11 =18/28.8 = 0.625. 

Thus, for example, the v"por flux in Eqn.9, with the assumption that 
t!Xp(hm/ltc) .... 1, should be , .. ·rittcn. 

r Mv P" l' dn,. R., dhm \ \' = - Dv '-4 -p .;:;:..dT- vT ... -'-- v 8) . 
• vt" ., he d8 

Since Tv= T" = T L-; assumed, this cnn be written 

which shows the correct dependence thilt tht! v.1por flux depends on v~rpor 
molccubr weight nnd temperature Jnd not directly on the dcnsit:• and 
pressure of Jir. 

This Jlso corrects the rJtio, PviPL, introduced bctwcl!n Eqns.l;" Jnd 1S, to -
0.98 x 1.0 ·5 (NOTE: it is this r~tio which cJuscs the error in LA-tJR-96·1848). 

The depths predicted for the \'~por ph:1sc dominorcd region will be not be 
ch:mgcd by this correction. 

The conclusions .:md discussion are not altered signific:;mtly by this. correction. 

•) -9 
r.~ 
• 
7 
0 
::!. 
5 s 
" 



A related t!rror in !lie dcl'iVation of ~J:r in-situ JWusion co~~tlc1cnt in LA-UR· 
96·1848 occurred in a Sl"mcwnar fortUitous m~nncr, sllch thnt thi~ \';:llue i!' 
:oo l.ugc by the corrc~hon fnctor. M.,/Mv. TI'Ic implic~tion is th~t the rwo 
t.!rrors c~nccl l.!i.lCh other in th~ v.:~oor flux cstim~ltcs it'\ L.-\-UR·96-9i3, and so 
the viloor f1ux vi.llues in the TJblcs and fi~urcs .-snd discussion iltc correct, or 
'It le.:tst consistent with the corrected ;'ln.:tlvsis. 
However. the Villuc ior the citccttvc insi'tu vapor phils~ diffusion coctticicnt, 
Din·situ• used in both pnpcrs b now too !'mall by the correction. iJctor. 
Discussion in the t(.!Xt which .sr.:ttes thilt the in·situ vapor diffusion lS .:~bout 40 
times lwrgcr thJn expt.:'Cted by clJss:c~l diffusion processes in porous mcdi;:~ 
should be revised upward by 1/0.625 or the dicctive in-situ diffusion is about 
60 times grciltc: th~n cxoectl!d! 

Paper LA·UR-96-1848 needs revision to Eqn.15, wherein H b ddined, \\'ith 
corrections ~imilar to th~t dcs&:rib~:!d above for Eqn.4 in LA-UR-96-9i3. WhQre 
the text stltcs this i~ the ::;:~me H l~ used by Smiles. ct.:~L ,this i:; rctering to 1-!. = 
Pvl Pw· Thu:;, the vn!uc ot H should be: H = 1.56c·5 x 0.625 = 0.9Sc·5. This 
v~duc is used in ~he divisor ot Eqn.3i to obt~in the in-situ v:1por diffusion 
codficicnc irom the effccti\'C tritium diffusion observed for the field 
measurements. Thus, the in-situ vaoor diffusion cocfiici~nt ot this ooint 
should be larger by 1/0.625. · · 
Discusston immediJtdv followin~ Eo1'1..37 ;"~!'tcl carried into the condusion 
section shnll be revised to rctlect thJt the in·~itu v;:~por pho:ts~ diffusion 
coefficient is found to be obout 60 times grc:1tcr (rothcr thon thl:.! foetor or -+0 
giver. previously) th.1n expected in comparison to clilssicJI diffusion in a 
porous mcdiil with the pcrmc01bilty \'lllucs derived from tutf ~.:tmplcs. 
The in-situ diffusion codficic.mt i!' thcrciorc found to be <lbO'-lt lc-3/.6.25 - 1.6 
e-3 m::/s rilther thnn the 1c·3 m:;~ .:t~ Sti1t~.:>d in the reports. 
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