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1. Introduction

Mhere is concern about the dispusal amf fate of rudivsctve
muterinhy wwockuted with the enery industry. Specificully,
there is uncertainty about the thte of tritium which hias been, or
may in the future be, buried in arid disposal sites annd fear that
buricd trilium will appear ut the soil surfuce in signiticant
amounts in the vapar phase or will contuminate groundwater,

Sriles o1 af, [1992] offered u preliminary nnalysis of o fichd
experiment pruposed to hetter define the risks und oppertuni-
tics associated with this farm of waste munagement, Thit ex.
periment epvisaped releuse of «madl amount of tritiated water
at a point deep in a dry desert soil. The evolution in spuce and
time of concentration profiles was predicted us u busis for field
monltoring, snd the culculations were extended to offer order-
of-magnitude information on the longterm cffects of such un
injection. “This puper summarizes and illustrtes some useful
aspeets of the upprooch ta the problem,

2. Experiment und Consequent Condlitionsy’

Smiiles et al. (193] convidered the releuse of 1L of tritinted
water in u dry soil in which the volume frnction of waler ¥, =
0.06 over considernble depth and the volume fragtion of the
soff uir #, @ 0,24, These values ure consistent with etieets of
desleeation and overburden at u depth of 20 m in desert surls
where the water table oceurs ut depthe in excess of 200 m, They
appear 1o approximate conditions where the experiment is
envisaged,

When tritioted water is injected at u point in this soil, we
expect that the invading solution will advance quickly and
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Tritiuted water, relcosed at o point in a uniform, relatively dry soil, diffuses in
both the liquid and vapor phises, A model which neords well with published duta
indicates that the flux density of tritium in the liquid exceeds that in the vapor phase
provided the water content is greater than approximately 20% of the total soil POTONity.
Thus tritium redistribution should he modeled recognizing trunsfer “in parallel” in both
phases. The ditfusion equation cast in spherical coordinates, and taking into account
radioactive decay, then provides i binis for design of ficld experiments and predicts the
fongeterm fute of tritinted water relensed in these experiments. We calcutate the evolution
of proliles of tritium concentration, within and externit) 1o the sphere of released solution,
assuming the initial concentration to be uniform. We also predict the speed and the :
covelope of the tritium maximum as it advances and attenuates in the soil. We brictly :
dincuss cflects of variation in the volume fractions of soi :
diffusion coellicient uf tritium in soil and comment on possible effects of convective i
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radially, Graviy will have neglipible influence on this process,
At the same time the tritinted water will appeur 10 displace the
watcr originafly present in this region [Bond et dl.y 1983 alwa
P, J. Wicrenga, private communication, 1993]. The ridinl Jine
tributions of water and tritium immediately after releuse will
then trhe the form shawn in Figure | with a spherieal saturated
front ul & radius # ~ 9.8 cm within which the tritium “fromt”
lies at @ rudius p = 9.25 cm,

Subsequent redistribution of waler within the assumption of
continued “pistonlike” displacement of the original watsr will
then result in the tritium front’s upprovching o limiting tudial
distunee r ™ ¢ from the point of injection, with u given by the
cquation

<

g = (AW, w158 em m

if 1, the volume of injected water, is 1 {. and the final value of
0, tends 1o 006,

We seek 1o describe the evalution of the proflic of tritiated
water its it moves rudially from the initinl distribution shown in
Figure 1. Since the water redistribution witl be rapid refutive 10
the diffusive prosess, we take as the prafile at time ¢ » O that
shuwn with g = 15,8 cm,

3. Problem Anulysis

“The nnalysis proceeds upon the followiag assumptions:

1. “Tritinted water trunsfers as if ft were witer or water
vapor and is purtitioned between the phases in proportion o
the partitioning of water benveen its Yiquid und vapor phises,
The tritium concentration {n the ga phuse €, = HC . where
H (= 17 % 107" ut 293 K and 760 mm Hg pressure) is the
Henry law constant, and C,, is the concentrition in the water,

2. Equilibration of water between the liquid and gos
phasgy, in relation to timescales of concern, is virtuully {nstuns
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Flgure 1, The radinl distribution of water and teitium obe
served immediately following releasc of 1 L of tritinted water
into u soil with an initial volume fraction of witer, #_, of 11,06,
and 2 total porosity of 61.30, The tritium “front” (utr = ~0.25
¢m) lies behind the witer “front” beenuse the system behaves
us if the invading solution displaces, in its entirety, the water
originully present, The vertical dashed line at radius, r w 15,8
em represents the furthest excunsion of tritium when water
redistribution 1s complete, We assume there is no hysteresis
and thut convection with the liquid waler phise is the only
menns of transfer,

tunncous. This ussumption was invoked in relation to CO. by
Penman [1940], stated without comment in relution ta tritium
by Weeks et al, [1982], and used by Phillips et al, [1988] and by
MeCarthy and Johnson [1993] for volatile organics.

3. The soil water is ut static equilibrium (i.e. there is no net
flux of the water as liquid or vapor), This is rensopable for the
conditiony we describe, but we returt to it Juter,

4. ‘Tritium undergoes radioactive decay with i halfelife of
12,4 vean.

d.
4!“
The muterial balunce equution for spherical thow of tritium is

1(8,C, + §,C.) ar o IF
:——.—.-.-—-u—".'; W e g e - k(".C. * ”VCU)
o " r

Flow Equution
Muterinl Balunce

(2)

In this equation, r nnd ¢ ure rudial distance und time;
(P €, + 0,C,) is the masa of tritinted witer/unit soil volutne;
I is the diftusive flux of tritium (grams per square centimeter
ol soil per second); nnd the third term on the right refers to
rudiouctive decuy with deciy constant & (» 5,89 x |02
vith,

When the liquid und gas phuses are statie, F is the sum of
F. the ditusive flux of tritium in the water, und [, thut in the
gas phase, namely,

FwF, «F, 3y
When (2} und (3) ure combined, we obtiin
9, C.~n,C, - MF, = F) . b+ F)
or or r
~ kit Co + 0,C,) (4)

4.2, Flux Equations

The flux of tritium in both the liquid and vapor phases i
bused on Fick's lnw for porous media, numely,
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In (8). £ is v [actor which wecounts for the valume fraciion
and tortuosity ol the relevant phase in porous medium flow
(see, for cxumple, Jury et al. {1t} und Millington |1Y89]); D is
the ditfusivity of 1ritium in the relevans phase; and 0 C/or s the
spnce gradient of the tritium concentration in the relevant
phase.

We now assume that the diffusive flux can be culeulined by
trenting liquid and vapor transfer as parudiel, additive pro-
cesses. We also recall thut the mass distribution af tritinted
water between the liquid and vapor phases is given by C, =
HC,. The tonal fhux af tritum, expressed in terms af the space
gradient of the concentrution of tretium in the liguld phase and
D*, the elfegtive diffuswity of tritium in the system, is then

- AC
Foef,aFw=~D e

(v)

43, Bftective Diffusivity, H*

From (5) und (6) and Heory's law it follows that 9 is given
by

D= (a0, ~ (6 HD, N
i which the vapor diffusivity 2, = 2.57 X 107" em’ls {Rose,
1906); the liguid diffusivity D, ~ 2,20 % 107 em®/x [\pwasiro,
1981, and M = 17 X 107% 11 we now assumg that e = f?
for both the gas and liquid phise diffusion {Millington, 1959)
(but see, for example, Currie {1U60]), then the effective ditlu.
sivity D®, according 1o (7). is piven by

D= 2,20 x 1078+ 287 % 10716 emiis

w 1LIRI X 10" eméin

(8)
when ¢, = (LUO und ¢, = 024,

dob, The Ditfusion Equation
Substitution of (6) in the materinl balance (4) pives

af " 7: » : o n
LI D-('f‘- . _E_) - k(8,C.)
0t et r our

)

Equation (Y] scts

1,Co = t,C, = #,Cy (10)

Eyuation (¥) thus treats as negligible the amount of tritium n
the gus phase (e, 8,6, > 100, C it 6, > 17 x 1072,);
it acenunts for tranfer in the gas phise through (6) and (7),
however.

If we now tlivide (V) by o, assuming it to be constant in
space and time, ind introduce the variable C'* detined by tie
cyqualion

Co/C* = enp {~kt) (1)
then (V) becomes
ac* wCc* 2oC"
NGy . vy b ad
e '"""( ar T ) (13)

The varinble €* in essentinily the "undecayed"” solution con.
cemeation of tritium, 18 introduction reduges (9) to the more
munageabie (12). After solving (12), we then invoke (11) 10
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account for decny, and thenge recover the actual solution cons
~entration €, ot the relevant value of time 1.

S.  Selution of the Flow Equation
We seek o sulution to (12) for the conditions

C.."C. L Cu
C.mC*=C,

in which €, and €, arc the initial solution concentrutions in
the released water and the soil, The inftial concentrution of
teitium in the soll, €, is tuken to be zero.

The solution of (12) nnd (13) [Lovering, 1938: Carslaw and
Jarger, 195Y] is

Wall

o = et (R + WyT) = erf (R = 1)

Qeer<qg t»n0
(1%

r>ua twm0

= TYY(Re"){axp [~ (R =~ 1)'//']

- oxp [=(R + 1¥T1) (14)
In which R and T arc dimensionless groups defined by
R=rly  Tw=dD"tia’s, (15)

Figure 2 shows the normulized congentration of tritium,
C*/Cy, culeulated using (34) and gruphed as u function of R,
for Tintherange 0 < T « 10,

Discussion

«l. Salution in Dimensionless Form

The informution fn Plgure 2 is deseribed in detail in the
caption, Speciflcally, we note that the tritium concuntration is
normalized relative to Cy: the radial distunce is normalized
relutive toa = 15.8 o (compure Figure 11 7 muy be used 1o
calculate the “renl" time at which a specific profile is observed,
using (15) and appropriste values of D®, 6., «, und 2 and
radioactive decuy Is sccounted for implicitly in the normulized
songentrations since C° is rchncd 10 C_ by (9) and recalling
thatk = 5.59 x 10=% yr

Because of the rc;.ulmory nmpomncc of und ubility to meus

0 04 Ob

12 1.6 30 24 28 A2
. R«
- Flgure 2. Tritium redistribution in space with time from the
concentration protile of the form shown in Figure 1, Concen.
ton €* (curies per lier) is axpressed as 1 {raction of the
«atlal concentration Cq (curics per liter), C* is related ta the
" "decayed” coneentration €, uccording to (9), Rudinl dixtunce
Is normulized as R = rra, where o I8 the radius of advanee of
the tritjum at time ¢ w 0 shown in Figure 1, The profiles are
paramelcrized by T = AD"tHun,,
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Figure 3, Graph corresponding to Figure 2, showing the
physical distribution of tritium when @ = 15.8 em, D* =
118 X 107" em¥s, und 0, = 0,06 fors intherange 1 < ¢
(yeur} < 300 and ¢ in the range 0 < r (meters) < b, In this
gruph the concentration C,.(1) is corrected for rudionctive
decay using (11), but normalized with regard 10 Cy, The num-
bers On the curves represent the times when the profiles are
realized,

sure very low tritium concentrations, n grent range of C*/Cy, is
required of the caleutntions, This runge makes the calcuintion
of the error funciion terms in (14) criticully important and
makes, for example, the otherwise convenient fivesterm series
cited by Abramowits and Stegun 1963, p, 299) Inuppropriate. It
also introduces problems becuuse of the greut times and dise
tances aver which (13) should apply. We return to some of
these issues below,

Note afro thut for R < 1, the concentrution of tritium
decrensex through time 7. For any value of R > 1, however,
the tritium concentration tirst Increuscs frons C, relatively rap-
idlv and then slowly Jeercuses with ume as ditfusion continues,

i, Solutien in Physienl Space und Time

Tigure 3 shows the data of Figure 2 recaleulnted us
C.(1)/Cy versus r, fora = 15.8 em, 0, = 0.06, 0, = 0.24,
and D® = 1,18 X 107 em®/s. The protiies arc purnmctcrlzcd
by ¢ in the range 10 < ¢ (years) < 300, In s genph C(1)
retlects radionchive deeny according to (11),

These data predict the soll response 1o the release of tritls
nied water and offer a busis for experimentul design, Thus 10
vears after releuse of the tritinted water, €0, (mensused in
the liquid phase) 5§ m frum the point of releuse of the tritlum
is upproximately 3.4 % 10 *, This represcnts a concenteation of
34 % 107* CUL If the initinl concentration were 10° Cil €,
will be § orders of mugnitude less than this because H » 17 x
107% A L-L gas sumple slowly withdrawn from this region will
contnin ~57 % 1077 Ci (2.1 » 10" Bq),

We nlso see in Figure 3, forr >, how C/C, increnses to
A maximum and then decreases as bath diffusive redistribution
and radionctive degay take cffcct. Thus at r = 5 m, for exum-
ple, €../Co Is originally zero, is ~3.2 % 10°'7 after 3 years,
mereases to ~1.1 x 107" aficr 30 years, but by 300 yours hus
decrensed aguin 1o ~23 X 107 T iy ~3.4 X 107" after 10
and 100 veurs,

This behavior of the local maximum provides a useful way 1o
connider the diffusive transfer of tritium. Figure 4, for example,
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Figure 4, Graph showing the advance, in time, of the muxie
mum tritium concentrution, found by determining #(C.(1)/
CuYir = O, from (16), for r in the range 0 < r (mcters) < $0,
Note the lineurity of the relution tor » > ~2 m,

400

shows the advunce of the muximum in C, (1) (where o(C,(1)/
Cu)10t = 0) us a function of time. Note the lineanty of the
graph ufter the initinl 10 years, These data moy he obtained
exactly by ditferentinting (13) with respect to £, correcting for
rudiouctive decay using (9), und solving tor a(C (1 C )/t =
0. This calculutlon s tedlous, however, and in the presens ense
we uscd (16), numely,

n

( r
T Inea k')

This equation is the solutlon of (12) subject to (13) un g ~
0. 1t represents o solution to the purcly diffusionul problem

[Carslaw and Jaeger, 1959, p, 257}, combined with (11) to uce
count for decuy. It offers an excellent approximation for (14) as
r increascs relative tow, and as £ increases, Thus for D*/y, =
1,97 X 1072 em?s at » = 50 ¢m, the difference between the
two sofutions is loss than 5% after 0.3 years and is less thon 157
after J year, In relution to (15), we note thut J, Knight (pete
sonul communication, 1994) has developed and demonstrates
an npproximate solution of (12) subject to (13) which is more
aecurate than (16) ut short times, .

Figure 5 is also calculuted using (15). 1t shows the envelope
of mixima of C,,(t)/Cp. for ull time, for 7 in the runge 0 <
{meters) < 28, In it we observe, for example, that at a distunce
of 6 m {rom the source C..(1)/Cqy will never exceed 2,67 x
1077, while maximn ut 10, 20, and 40 m are, respectively, ~2 %
1079, =6 x 10=" and ~1 % 1072, Figurc 4 shows that these
muximn are realized at 39, 70, 155, and 320 years, respectively.,

Flgures 3, 4, und 5 thus provide usetul insights inio she decay
and redistribution process, and (16) provides a useful ipprox.
imite method for determining the Intermedinte and long-term
distribution of released tritium. Specifically, for our probiem,
the following conniderations are noted:

1. At the water tuble, no tritium will ever be detectable
using present methods, We infer this from the fact thut il 60 m
from the point of releuse, ~3.3 X 1073 x €, CUL will be
the greatest value of C,, ever nchieved, This represents ~1,2
107" Bq/L and is undetectnble by present methods,

2. At the soil surface, and neglecting complications reluts

ma’
Cult)iCo = s ©XP

(10)

ing 1o soul struclure, swaler oomtent, temperature, and nir prcs’k"
sure variubility i ihe op 2«3 m, we expect the moximum value ¢
Of CIC, e ~0.2 « e Y und C_(max) = 6.2 % 10" G
2.2 x 107 Bl The value » upproximately 1780 of thc{)
muximum permissihle cuneentration for tritium in water rg-

leaned 0 an unrestrieted ares af X o 1S CIAL (Vieclear Regees
ulatory Commission, N2 1Y will by schicved atier ~ 185 yeur\";j
63, Qualifying Remurks ~

We rciterate that these calculations were developed o prod
vide o hasis for design of a fleld experiment which hos vet to be
approved, The upproach is predicuted un the assumption thal
the »oil is homogeneous and fow well behaved. This will not
always be the cines and u systems upproach might be more
apprepriate for ficld design for wuste storuge than u determin-
istic one. At the same time, a determiniMie uppronch offers o
better appronch fur process studies and for estimation of mi-
terinl propertics, It in therefore useful brietly to comment on
wvera] ivsues allecting application of the approach,

6.1, Canvection of liquid, Convectlon af ttitium will he
important if «igniticant liquid fow occurs, Calcutations tused
on dita of Rose ef al, [1968], estimates for vimilar covironments
[Allison et ul., 1988 Scanlon, {W1] based on existing deep wil
chloride concentrution und water content proflles, and inferred
past ruinfull rates and chlonde concentrtions suggest that
water fluses (F,) of order 107 em/s might be observed, Phils
lipy et al. |1988] culculate fhuxes sbout an arder of magnitude
greater, Such fluxes imply a drilt toward the water tabic at o
velocity (= F./0,) of order 107" to 1077 envs. The center of
mass of the sphete of tritium might then be expeeted to arrlve
at the witter table 200 m below between 6000 and 61,000 veurs,
Convection will therefore be unimportant after the initial, and
minar, rechatiibution of the releused tritinted waler,

63,2, Convectiun of vapor.  Limited “pumplng” associsted
with perivdic atmospheric pressure and temperature chunges
muy occur 2U m beneath the soil surtuce. ‘The mugnitude ot 4,
as well us rapid equilibeation between the phuses, ensures that
this form of trunsfer is greutly suppressed, and we ussume that

3
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Figure & The envelope of muximum vadues of C (7 1/C, Tor
rin the runge O < 7 (meten) < 30, The local concentration
C..(1) will never exceed muximum vilues defined by this curve,

Thus at » = 10 m, € {1)/C, cannot exceed 2.5 X 10°% so it
Co ™ 10" Cifl. then (1) will never exceed 2.5 X 107 Ci/L

there, According to Figure 4, this concentration will be at.

Lined wlter =73 years, The corresponding congentrations in

the gus phasc of the soil will be less than those in the water by
the tagtor 17 > 107,




it cin be neglected. L sampling in the proposed experanent we
thus sssume thit air withdrawn al & point in the soil redects the
solution cuncentrution there,

633 Tempernture effects,  We similatly nssume that tem.
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L1 8 =] 0 o

perature varintion, in space and time, at this depth can be
neglected. The actual temperature cannut be ignored, how-
ever. Dati of Scarr and Pactzold [1975), lor example, showed an
order~ofsmugnitude increase in thelr ditfusivity at 0, = 0,08
as the temperature ingreased Irom $°C lo 31.5C. Thi.\ ineretise
was greater thun that anticiputed from varyving H appropriately
in (8). Furthermore, their data showed an incrense in diffusivity
with increasing water content a1 S°C, but a decreise in the
dilfusivity with increasing water content at 35°C, Simple appli-
cation of (8) does not predict this, and this suggests s need to
more curefully examing transfer of tritinted walgr in unsutur.
ated soil, Spostta [TUR1) collated dinta showing the temperature
dependence of the self-difusion coefeient of figuid water.

6.4, Coefliclents D* und DO, Both D* ond D*10,, are
called dilfusion coeicients i ~oil seience literature. Compar.
fson, for example, of discusstons uf gas low by Zfiffef | 1980 iind
by Jury et ul, [1991] demomstrate diflicultios and inconsisteneies
that arise in relation 1o their definition and interpretation,

D* ix eflectively u "transfer coelticient™ us defined in 15) and
(0), P70, on the other hand, is a “diffusion cocicient™
insofir as 1t is the coeflicient in the diffusion equation (12) nnd
it represents “trapsfer” (¢ Jivided by “capaciy” (0,.).
D=70,, corresponds exactly to whut Jurv er al, [11, p. 217 el
a “generalized ¢tfective liuid-gns diffusion coelliciem,™ but
note that Jurv et al. [199]] detine flow i respanse ta 0C /it
cuther thun o€ far, us we e, Specifically, the Jury et ol
suetlicient in our terminology equals D*/UH b, + 1), with
thie denominator arising bechuse they are not able 10 use our
appraximiating equation (10} in their problem with CO..

In this sespeet we note also thay Plellips et al, 198K, in
considering the fate of wenpons-derived tritium, neglected the
ditfusive flux af tritium in the liquid phuse, dthough they rece
ognized the importance of its storuge in thut pliase. In doing s
they followed Weeks er al. [1952) wha reler 10 Penrmarn | 1930},
The former authors dealt with Thioroesrbons, while Penman
{1940] hud COy in mind. B3oth gases are much Jeas soluble in
watter thun s tritium, however, so the diffusive fluxes in the
wirter aire relatively less important than thit for teiliated water.
Lquistiun (6} implies that not Gl 4, = 0.06 does F, =~ F,
when ¢, « d, ~ (L3, and generally Bux in the gav phase
exceeds that in the liguid pluse only when o, & 8o,

Figure 6 shows values of H/n, calenlated using (%) for u
range of water contents und totil porosities of 0.3 and 0.4, We
also show data measured by Makavama amd Jucksin [1963),
Scott and Pacrzold {[1978], and Torok et af, [1991] i this figure,
Data calculated using (8) correspond well with the majority of
meusured values but lie well below the high vadues of Took e
al. [1V91] for their samds, Equation (8) does not predict the
muximum observed by Nakavama and Jackson [1963) ut #, =
0.04, nithough it does predict o minimum observed (nhhuun.h
al much higher water contents) by Scott and Paetzold. 1t is
evident thiat both porosty and water content must be mewsured
accurntely when determiniug D=1,

Despite these ugreements, we reiterite that (8) onty pros
sides an estimate of D* lor soil systems for which we have no
measyrement. 1t s justificd solelv an its ability 1w maich meas
sured values, Juns r wl, 11991) identity other empirical forms
which might have heen used, As 1, = 0, off models of this sort
il This is becouse at very Jow water contenis, water films

L
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Figure 6. Graph showing variution in D®/0, with &_ calcur
luted using (8) for totu! »oil parosities of 0.3 and 0.4 The graph
aiso shows duta measured by Nakavama and Juckion | 1963
fopen circles), Seort and Pactzold [1978) (solid circles), and
Torok e1 al, [1991] tor sind (open squares) und w sandiclny
mixture (solid squares),

become discuntinuous, and transfer becomes imore complis
cated than a Msimple” parallel flow maodel can deseribe [cf,
Philip und de Vres, 1957, Phillipy et al,, 1988), We cannot
speeily when these periurbutions became critical but arbitenrily
reject (8) for 0, «< 0,04, In this range we believe that £° and
D*v, can only be determined eaperisnenially,

6.8, Farmulation of the diffusion squation In soils, In
developing this analysis it emerges that there may be ambigu.
ities in retition to materind balinee (see, for exumple, equntion
(4) ol Scanfon [1991]) und the signilicance of cancentrution
pradicits, depending on whether the tritium concentration is
cxpressed per unit volume of water or per unit volume of vail,
The diffusivity is the same in ¢ach cuse, To avoid these ambis
puities, the water ¢ontent distribution must be specified to
define fully the system, In our citwe the walgr content is nise
sumed to be uniform, and interpretntion v struightforward, In
systeins where the water content vaties spatially and in time,
however, the problem is significant, Formulation of the equas
tions in o Lagranginn conrdinate syntem which satistios mate.
rial bulonce for the water may resolve these ambiguities [Seniles
et al. 19K1; Wion and Gethar, 1981]. The approach requires
thut we explicitly Jdefine the water content field. by measures
ment if necessary. [t is then relatively unimportant if there ure
loen) changes in water content, Furthermore, it is relatively
simple 10 tuke into account swiematic water content chunge
assoeiated, for example, with approuch from ubove (o o water
tuhle or with loeal soil tecture chunge,
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LA-UR-Y6-1848 DRAFT [ - 052296

DETERMINATION OF AN IN-SITU VADOST ZONE VAPOR PHASE DIFFUSION
COETFFICIENT AT A MESA TOP WASTE DISPOSAL FACILITY

Erik Vold! and Bart Eklund=
1. Los Alamos National Laboratory, Los Alamos, NM
2. RADIAN Corp., Austin, TX

Synopsis of problem:

An important error has been found in the draft document, LA-UR-96-973, by
Don Neeper which requires significant correction to LA-UR-96-973 and to the
companion paper, LA-UR-96-1848. Additional changes to accomodate Don's
review will also be included in the next full revision.

Swynopsis of corrections in the two papers

Final vapor flux estimates (magnitudes) in Tables, discussion and in figures
are fortuitously correct since two errors canceled each other,

All expressions where vapor flux, Ty, is expressed as a function of the
cffective or in-situ diffusion coefficient, Dy, should be multiplied by the
correction factor, My/M,, (molecular weight of water to that of air), This

allows the factor in the coefficient to simplify from (Mvpa/Mapa) to (My/RT).

The in-situ vapor phase diffusion coefficient derived in LA-UR-96-1848 by
comparison of in-field tritium measurements to diffusion modeling should
be larger by the factor Ma/My. Discussion will be corrected to reflect that this
in-situ diffusion is about 60 times greater than expected by classical diffusion
in a porous mcdia, rather than the factor of about 40 rcported in LA-UR-96-
1848, and discussed in both papers.
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Discussion of corrections in the two papers

The problem in LA-UR-96-973 is introduced in Eqn.d, which was written

- B 2y o Beps
Pv = )y Pa = Py Pa = s Pu Pa. OLD).

For an ideal gas, p = Mp/RT. Under the conditions assumed (T, = Ty), Eqn.4
shouid be:
Py _ Mepy _ Pv Mve-a

Ppv = [-7_.1‘ Pa = MaPa Pa = Pe Mapa

Pa NEW(

where My is the molecular mass for water vapor (18) and M, is the molecular
mass for air (approximately 28.8). Eqn.5 for the vapor flux, Iy, and all
subsequent equations involving the vapor flux should be corrected by the

Thus, for example, the vapor flux in Egn.9, with the assumption that
exp(hm/ie) ~ 1, should be written,

= My 9, 7 dps Ps dhm &
r\’ - -DanPn(dT VT - hc d@ VGJ.

Since Ty =T, = T is assumed, this can be written

Me £ dps

o, dhm o 0
r\r = 'D\pﬁl\ dT VT -~ V .

he do

which shows the correct dependence that the vapor flux depends on vapor
molecular weight and temperature and not direetly on the density and
pressure of air,

This also corrects the ratio, py/py, introduced between Eqns.17 and 18, to ~
0.98 x 10 -5 (NOTE: it is this ratio which causes the error in LA-UR-96-1848).

The depths predicted for the vapor phase dominated region will be not be
changed by this correction,

The conclusions and discussion are not altered significantly by this correction.
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A related crror in the derivation of the in-situ diffusion coefficient in LA-UR-
96-1848 occurred in a semewhat fortuitous manner, such that this value is
too large by the correction factor, Ma/ My, The implication is that the two
errors cancel vach other in the vapor flux estimates in LA-UR-96-973, and so
the vapor flux values in the Tables and figures and discussion are correct, or
at least consistent with the corrected analysis.

However, the value for the erfective insitu vapor phase diffusion cocfficient,
Dinwsitu, used in both papers is now too small by the correction factor.
Discussion in the text which states that the in-situ vapor diffusion 1s about 40
times larger than expected by classical diffusion processes in porous media
should be revised upward by 1/0.625 or the effective in-situ diffusion is about
60 times greater than expected!

Paper LA-UR-96-1848 needs revision to Eqn.13, wherein H is defined, with
corrections similar to that deseribed above for Eqnat in LA-UR-96-973. Where
the text states this is the same H as used by Smiles, et.al. this is retering to H =
Pv/Pw. Thus, the value of F should be: H = 1.56¢-3 x 0.625 = 0.98¢-3. This
value is used in the divisor of Eqn.37 to obtain the in-situ vapor diffusion
coefficient from the effective tritium diffusion observed for the field
measurements. Thus, the in-situ vapor diffusion coefticient at this point
should be larger by 1/0.625,

Discussion immediately following Eqn.37 and carried into the conclusion
section shall be revised to reflect that the in-situ vapor phase diffusion
coerficient is found to be about 60 times greater (rather than the factor of 40
given previously) than expected im comparison to classical diffusion in a
porous media with the permeabilty values derived from tuff samples.

The in-situ diffusion coefficient is therefore found to be about 1¢-3/.625 ~ 1.6
-3 m=/s rather than the 1e-3 m2/s as stared in the reports.
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