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SUMMARY I’Al’I{I{

EFB”ECTIVEN123S OF A MOISH_Jl?iZBARRIER

The purpose of capil lary barrier cxpcrirncnts is to field-test systems that
can be used to control the movement of water on top of and around shallow
lana burial trenches. These systems will insure the execution of the
performance objectives for low-level radioactive waste disposal sites set up
by tllc Nuclear Regulatory Commission (NRC) and by the Department or Energy
(1.X)E). Smll-scale modeling has demonstrated that capillary barriers
located above porous media can protect such a medium from water exposure.
13arricrs arc crcatcd by differences in particle size and are effective
because suction predominates over gravity forces. The percolating liquid
will pcnctratc the coarser material only after the overlying finer material
nears saturation. As long as the pressure at the coarse/fine interfncc
rctmins negative, water infiltrating the firmr layer will not cross the
intcrfacc; instead. it will flow laterally until percolation recurs where
Lllc water rc:lchcs the edge of the coarser layer. This barrier concept has
snmctimcs been rcfcrrcd to us the “wick effect.” The water will Lravcl only
i~ limiLcd disLallcc laLcrally and will hc influenced by the slope of the
ill[vrf:~cr(1, 2 :Iiwl3).
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!’1lYSICAI.llASIS FOR CA1’11.1,ARY 13ARRIERS

At equal nuLrix potc:ltials, it f inc-graincd mcd]um wi 11 contain more wa[.er
than a coarse–graincd medium. During clrainagc. an initially saturated soil
will drain its largest pores first. whcrcm in wetting a dry soil, the
smnllcst pores will fill first and as the mutric potential is allowed to
increase (get Ling ]CSS negative), the water content incrcascs as
prugressivcly larger pores :~rc filled. This will be accompanied by an
incrcasc in hydraulic conductivity and lateral diversion of water in the
overlying fine graincd soil and promoted by the presence of a sloping
interface. The coarser medium, on the other hand, with its predominantly
large pores, wilI ren=in relatively dry with a low hydraulic conductivity
until the matrix potential reaches zero or near zero at the interface. The
systcm will fail when or before the mtrix potential at the intcrfacc ccrIscs
to bc negative. Point readings at the interface are provided through
Lensiomctcrs. Proximity of the failure point to zero will bc a ft.nction of
nbruptncss and magnitude of particle size difference at the intcrfacc.

Our field cxpcrimcnt was designed to test the performance of a wick systcm
emplaced in a G-m–deep caisson with a diameter of 3 m for a wick system of
known thickness (2 m), slope (10%), snd slope length (2 m), and for one
combination of porous medium mterials [a bcntonite-tuft’ mix having m 0.02
bcn~on!te ratio by mass overlying Ottawa sand] subjected to a known addition
rare of WiltCr.

T(!nsiomct.c!rs :lrc emplaced 20 mm nbovc the mix-sand intcrfucc, which is LIN!
illLcrf:lcc (o be tested for “wick cffectivcncss.”’ TwO rows Of five
tcn’~iomctcrs :trc!cquidist.:lnrly cmplaccd along thnt sioping Intcrfacc. Two
Lcnsiomc[. crs:!I-{:l(lCilt(!d :11 Lll(: mix-tuff inl.crf:l cc,onc ut the upper sldc of
LIN:wick un(l onf! :lL 111(: lower sid(!. Simil:lrlyt lW tcnsiomctcrs ilrC

siLu:ltcd :IIx)VC! lllc lUff-~l”ilVCl inLcrfrlCC. l~ilullly,two vertical rows of
tcllsiom(!tcrs:trc ompl:wxl O.:]()m :qxlrL in the mix, with each onc of III(?
t.cnsiomc[[!rsIor:lfcdnl I.IIcs:lmcIlcigllt:~s Ilw :Icccss l{ltms for l~clll.l-oll
mfIlsLtII”n III”OIX! (1’’ij~;. 1 ), I)oldilljz of w:tlcr f]vrr IIICtml~l.otli[cmix/lllff
lj.lrrif~i. w:l:i (: I) 111,iIIIIOIIS for 2 yv:irs, ‘1’IK!Ill(ltsllll”(’ Ixlrrit!rWi II f:l~ 1 il!i 111(’

IIXIt rix I)t)lt!ll!i:t1 l)f!:lrsY.cr[). ‘1’ll(?f?xL(!f)tto w])f(’.]Iil 11[’I{:IIIV(! lWlll”iX

I)(ll(!llt. 1:11 (tilll 1)(’ IWlll)lllfll(![l ill. Illf! illl. t?rfll(!(! (I{?] )(? II(IS 011 S(’VC!l’itl f:l(;l{)l’%l
I’lvcof 1.11(!s[!f:l(:!flr!+~1 1I l-CllUlflI (:ol)!i(illl[ ill (111~ I)(:ll[olltl(s Illf)( mOtslllr(’

Ixlrrt(!r f’xl)l’l”illlf ’111:

1) Amo~lllIof :tv:ll1:11111* w:lll~lm,

‘1”111’{’xl) f’l’llll(’lll:ll [“ill S!il)ll W;IS Iloli(ll’(1 (’0111 llllll)ll!il~ ~{11’ [W() .V(’ill’!i. sll)lm(’

:Iv:li I:ll)lr W:ltt’r :11111)11111 W:t!i 11111 illlf ICI(I :IIMI Itlr mix W:l% 110[ 11111)( ’1 ’111(’:11)11’,

1’:11 1111’f” :1[ Itlfg illlt”lml’:lf”i’ W:l!i I) IIIV ii IIUII 1 (’1’ ~)r I tllW’,
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l“i(J1/r-e 1. Caisson set-up.

curves.2) Dcgrcc of contrast in soil moisture characteristic

The soil moisture characteristic curves of tl)e mix and sand (the two
materials in contact at ~hc relevant interface) contrast greatly. 13ccaus(!
of lhat contrast, tl)c nulric potcrltial at failure sho~ld be near ZCI’O. ‘1’1)is
only means lh:iL if the amo~lnt of Wiltcr bc~n~ fcd to the system is unlimi(e(l.

:iycfl to its rlvmimum’”(rrmtric potcnkial = 0).

ty of [l~c moistt]rc Ixirricr (wick),

ltlis as being Close to 5“10 ‘[) (M/s), ‘his vn 1 (1(! i :;

proper to [I]c cnmposi(ioll 01 the mix (2X hcntonitc) ;~l~d L,IC rlcgrcc {Jr
compnctiorl ol)taillcd (dry density = 1 .~I’/, void r:l(.io = 0,61 or porosily =
(), :19) . A low ll,y(lr:~(llic conduc(ivi[y ii) (1){: wi(.k rrxl[(~rt:~l will OI)VIOIISIY”

[1(. l:ly f:ii 1111’(. :1[ III{* intcrf:lccl

‘1) ‘llli(:kr](’:;~ or [II(, moist l]r(” Ixlrri (’r.

‘III(* :Imollrll of 1)(* 1’(!OI[lI illj( W:l ((’1’, wi I 1 IIVIf. ImiIIV til(: 1)1.(IlxIIJi 1 ily of
flli 1111”(?. ,Sill{(’ III!, :lmolllll or wnl (II 1s ~llllimil {’d, r:li Ill I”{’ is il)(’vit:ll)l(’
l~:li IIlr(! I’lsf:ll’(lill ion, I1OWPV(’I’, is (ill”(’(’lly 1)1’(11)();’[ ioll:li [() [11(’ illl!ifll’])1 ion

(’:ll):l(:i Iy 01” (11(’ Ill(lis[lll’(’ Ixll”ri (’1’, ‘I’lli !i , il) 1111’ 11, Wi 1 I I)(’ p;l’(’:lt ly {i(’1)(’1)(l (’1)1
011 111(’ (Ili(’1(11(’’i!i or tll:lt l:ly(!l’,
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~~) s 1Ope of (1)(’irll(!rl”:lc(?.

‘I-llP S 101)1! W:lS SCL il[ 102. Tlw stecp~:r [ht,slept.. [IN)It!ss1ikcly early
failure will occur bcc:IIIsc of Iuss pending :~[ the inrcrfncc and fnstcr
runoff or la[cral flow.

Rcsul ts show Lhal Lhc waLcl- contcllL in the upper Iayt!rstabi1izcd af tcr
around 400 days. although values dil”fcr greatly thro(lg])uI.lL the profile.

Only the upper layer, located 0.5 m below the mix-Luff interface, sccmcd to
reach anything close to satiation (30.:wat.cr content by volume). At all

other levels the water content by volume approxinuates values closer to 20 or
21% (Fig. 2). The matric potential values at ~hc intcrfacc seem co
stabilize at an earlier stage, producing only positive values once
equilibrium is obtained, indicating, thcrchy, thal saturation is reached at
the inLcrface and that the systcm is consequcntl,v in a failure mode. The
flux from a disclxargc pipe at the bottom of the caisson was first being
noticed 320 days after the start of the experiment. This advent is another
indication of moistllrc barrier failure. Tnc firs:.discharge flux was

measur~~ at 6.8.10 ‘9 m/~ and varied throughout the experimental period from

5.5”10 LIL/sto 7.Q31O M/s. I%C average flux throughout th~g~esting~
period was 6.45*1O #s with a standard deviation of 0.88°10 m/s or a

coefficient of variation of 13.7%. Since ti~cmeasured hydraulic gradient in
the caisson was estimated to bc varying in time f~~m 1.42 to 1.57. the
hydraulic conductivity is calculated to bc 4.3s10 M/s. This value is very

C1OSC to chc one estimated in the laboratory for the saturated conductivity
of a crushed tuff to which 2% bcntonitc were added.
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Mor(. diffi(:lllt I(I t:xpl:lil) :ii(, flit. v;lj~m:lri(:s [)11’,1:1.V[.(1 ;1[ (111(! t imc oI. :lIMII II(”1.
:lmor~~ tl~r l.(:rlsi(mlcl ri(. V:IIIlt~:) I.I.(’(11.(i(?(i ir) I 111* (.orc (If I.i]f! mix. ‘I”hc W:lLc r

col]l. cnt values m(v~sllr{.(i wi (1 I I III, 111.111I“fJII m[)is[llrt: l~r~jbc in(!ic.atc L]ult

S:l Lia Lion iS far from al [:111 ](:(1 tNll ill ( ill: IIl]pcrmos I measured layer of L] I:!

mix. “i”his being [llcC:lSCor~ly fl(’1$11ivc prcssur(! v:lI1lcsarc cxpcctcd Lo
prcvai 1. Yet in tlm period ccnf(:rrd around 500 finys af tcr the start of LI]C
cxpcr imcn C, numerous CXCCPL ions [0 Illa(rule PrCVili 1. only LO return to
nornxll in the cns~]in~ period , In cone ]usion. in l]tc bent.oni tc-tuff moisL[lrtt
harrier. satur.n~ ion or posi Live (I)rcssurc) values ol~taincd at the in~crf:icc
indicate the 1ikcl incss of fai lure which is conf i rmcd by subsequent
discharge at the boLLom of Lhc caisson. In Lcrcs Lingly, this state of
s:l Lurat ion at the i’.tcrfacc was rc:lcl~c(ithrough pcrscvcring unsaturated
hydraul ic flow whi :h hhould inciic:ltc

—— —
the cf fcctivcncss of the capi 1lary

lmrriers. Howcvc r , some uncxpl:linctl i nccnls is t.cncies rcnmin unsolved:

1) At i:ltcrmcdiatc lCVCIS wi thin the r.orcof the moisture lxtrricr. the
moisture level rcachccl an (lns~t.uri~[d lCVCI which was maintained for the
Ias c 550 (iays of the expcr imcnt .

2) As the probable result of Lhc invariably low moisture content
prevailing in the moisture core through most of Lhe experiment the discharge
rate at the bottom of the caisson did not sur~ss a coefficient of variation
of 13,7%. Most intcrcstinglv this constant unsaturated conductivity Of ~939

1~~9 m S-l is Ixrtrclylower than [hc on~:measured in the laboratory (5c1O ‘ m

s )

TKI;NCIICX!)S ])B.SICNSFOR LONC TERM STAIIILIZATION

Trel~ch cap designs that minimize erosion, percolation, and biological
intrusion require considcrnt ion and c.artful selection of trench cap
nnterials, cap nntcrials ricpttl,cap confifprmtion, engineering features,
includinfi surface and lily~r inLcrf:~ce s]opcs, Md vcgctntion cuvcr.



Wh:lL Wc CXpCC t tO d(!fllol)s Lr:l [t? i s [ ]l:lL L}IC improved [.rcnch cap dcs ign
limits percolation (i.e. , l(?;lc]I:LLc production) and blt)logical intrusion
Compiircd Wi th ,a CCInVCIILi[]ll:ll d(!si~l). In addition, wc expect to cicf inc the
opcrat ional limits of t!)(’ [WI) dcsi~rls under cntvmccd prccipi tat ion. “1’11is
wi 11 rcsul t in documentcfl cri tt!ri:l for in,provcd S[..Bdesign.

Research conducted hy LIIC I-OS A Inmos I;nvi rol]mcntal Science Group over Lhc
l:~st six years has lcd LrI :ln improved understanding of water dynamics and
biological intcra(:tion ill L!lc! $[.1~ si Lc cnvi rons . That research has lcd to
the dcvclopmcnt and tcstin~ of improvcmcnf. s in the design of isolated
components of an SLfl si LC. Tht purpose of this fieid demonstration is to
integrate some of the posi tive features of chc isolated vari:lhlc c~pcrimcn~s
into a state-of-the-science design for optimal water and biota management t-o
minimize radionculide transport at SLB sites.

The cxpcrimcntal design for the integrated cxpcrimcnt examines the
performance of standard technology for SLB compared with improved
tcchno 1ogy. The cover consists of a mixture of seeded grasses and a
spccificd lCVC1 of grnvc] mulch. Four 3–x-10-m plots were used for this
purposc.

‘~hc unimproved technology trcatmcric consists of the standard practice for
low-level waste (LLW) disposal at Los Alamos including about 1 m of trench
cap comprised of crushed tuff covered with 15 cm of topsoil, all placed over
n trench filled with waste and crushed tuff backfill. The improved
tcchnolog’y treatment from the surface downward consists of an optimal
topsoil depth, which, Ixtse(l~lpon calculations ~a.nd previous measurements, is
:ihout 1 m of the local s:lndy Ionm SOI 1 . Next, a cobble-gravel laye]. (25-cm
gr:lvcl over ‘?5-cm cobl.)lc) is tlscd to prevent plant and animal intrusion and
w:ltcr (low (capill:lry Ixlrricr) to suhsurfacc regions. An angle was placed
on tl)c intcrf:’cc Imtw{!(!tl IIlc topsoil and cobtjlc-gravel ]aycr to tiivcrt the
vcrtirxal infillr:ltion componc[ll into a Iatcral flow component uuing the
principle of :1wick syst.(!m. Ilot.h the collLrol nl)(! improved trench cover
plots cont:lin Ircnch dr:IirIs Lo :lIIOW rnr m(xlsurcmcil[ Of Icacli:ltc pr~ducLioli

:111(1 [ I“:l(:{!r COIII(!I)[ of !C:i(; ll:’ilc,



Jan
Feb
Mar
Apr
May
Jun
,Ju1
AUK
Sep t
Ott
Nov
Dcc

—

21.6
1-/.3
25.‘i

21.8
28.“i
2S.5
60.8
99.s
41.4
3S.6
2’1.4
2’1#’l

x rrmx

-@!)_
l’il.5
62,0

104.4
117.9
113.6
144.0
2C2 .7
284.0
147.1
172.0
167.6
81.6

x 19s6
(mm)

0.3
25.7
19.s
47.0
41,7
144.0
55.6
S4.1

~S5 was an excessively wet year, with most of the precipitation occurring
during the winter, a period of low evapotranspiration (5).

FY86 was not quite as wet, with chc precipitation concentrated in Jlmc, a
month of high potential cvapotransp ir.ation.

As n result of the heavy spring prccipicat~on and below average surnmcr
rainfall, nc:ir s:~tiation lCVCIS wcr~ rcachcd near the bottom of both the
control plots i~n[] onc of L]IC experimental plots while the upper layers of
the cxpcrimcntal plots show strong sjLqIs of dcsiCci~tion during the summer.

In tilC field 01 tension mcasurcmcnt%, the attention in FY8G was nminly
gc:~rcd towrtrds :ulLomation of tension readings, These achievements arc
cicscribcd irl fllllcr details irl (hc section dealinjq with the Data Acquisition
Systcm.



(Icsillm II1)l;lke ~ v(~L’t:[:Ll iorl,—. .— . ..-. .—— ._. .—- ._ Jl ______

‘l’lIf’ orlly I 1“:1(:(!1’ CIJ1)CCI1[ r;i LioIl
plol v(!J\c L:i Lion. “I”al)lc 2 gives
dcvi:l Lion (n = SS over 3 years)
plots.

m(xi!,l]l”l!(! is [t I:! I f)f’ c(:siltm [:ikell UIJ by Lh[!
ar) :Iv~:r:IgIY Cs (: OI)CCII Lra[ i 01) :mci s tand,ard

for Y. (:rIn Lrol plo[.s :lnd 2 cxpcrimcntal

IL is obvious from the rcsul ts thnt uptake of ccsium starts taking place
in l-1’S[;, wi Ll) aL lcnst onc cxpcrimcn L:~l plot showing no increase. That plot
is prcciscly the onc that showed the highcs[ ccsium concentration in its
vegetation in FYS4 (0.590 ppm). The high standard dcvia Lion seems to
indicate that indcccl this might have been a fluke. Overall, both the
expcrimcnLal plots show a lower cesium uptake than the control plots in
FYSG , tending to show the efficiency of the biobarrier under which the
ccsium is cnrrappcd in the experimental plots. Even the relatively high
concentration in experimental plot 2 is caused by one single measurement of
7 ppm, all others rertnining well under a fraction of one ppm.

The integrity of the biobarrier remained total in experimental plot 1
where no concentration exceeding O. 13 ppm was recorded. One noteworthy fact
is that experimental plot 2, with the one measureme,lt above backrzround (7
ppm ] , is also the plot where excessive
below the biobztrricr, where the cesium

Iablc 2. Cs uptake

FY84

Plots

Control 1
Contro12
]lxpcrimcnL1
Exlmrimcnl.2

Results oh...

x

0.111
0.119
0.590
(). 0(33

lined u:_.

s

0,045 I
0.06’3
1.499
0.024

ng the .

amounts of water were to be found
was emplaced,

by vegetation (PPm)

~85 FY86

n x

T

12 0.071
12 0.141
12 0.02s
12 0.03s

kits Acquisi

s

0.039
0.183
0.006
0.020

on Sysl

n x

4 5.284
4 2.483
4 0.077
‘1 1.244

s

8.037
3.720
0.027
2.854

m (DAS) show clcarl~

n—

6
6
G
6

tll(!

prcsencc of an inlcrfcring factor. T_he pcriodicity of this interfering
clcmcnt 1s rcrnnrk:lblc. To try to interpret and pinpoint the cmct cause of
the fluctualinns in the tension measurements, Calibraliu[l Lwlsiomctcrs were
installed in Illlckcts of wlltcr. Onc tcnsiomctcr, rcfcrrcd to on the graph :~s
tulx ]Zi, W;IS ir~st:ll lcd ill nn nir conditioned trailer while tllcother w:is
lcf(.CXpoS(!(l I(I !I)c :lmhjc~)t (oIIlsidc) tcmlx?ralurc (rcfcrrcd 10 on the gr:~l~ll

as tube 12G), (.71:II)J{(?S in lcnsioli, or more prcciscly positive pressure in
Llliscase, occllr 111110111 CilSCS (l:iK. 3)0 ‘I%c flucLu:lLion frequency is
incrc:lscd durinjt III(* rhytimc, however, w]mn the nir conditioner is most
likely to swil.cllm :~nd off. Ttiis lc:~clstls to t.hc incscupilblc conclusion
tlxi[ tcmpcr:ltllr(: Is Iikcly to itlf I(lcncr (cflsiom(!lcr rc:dings. This iS CV(:ll

nlor(: [Il)[xll,[!ll[ fI.0111 [IIC rc:idill~~+ Of (]1(* lrl~sit]mc[t?r l[l~::~tcd o~IIsidC. Wl~i1(!

rclnlivcly sl:Il~l(s :Ifl(l low :1( lli~l)[ , t.llv r(m(lillgs Ii)crc:isr [Illrl sc(!m to

flllCill:ll C Wllll PXI)OSII I”{! I(J (111-(:(:1 sol:il” r:i(ll:~l iol]. 1[ sc(!ms [Il:it, tlow(!vcl-

SIIXil 1 ttl :llJsr)llll II I(;l-ms (prf’:isllrr II. [vl)siol)) , III(’ l~i~llvst IJrcssllrr v:llllrs
wrrv ol~l:lill(’[1 :11. III IIM1 :;OI:II. IMN)lI.



!NTEGi?ATED EXPERIMENT – Reference Tubes
(Igld h-s., 29 Aug 1986 thru 07M hrs., 2 Se~ 1986)
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Fiqure 3. DAS Lension readings.

If wc turn our attention to the actual tensiometers in the field, the same
pattern emerges with one noticeable distinction. Increases in pressure,
occurring during the daytime in the calibration tenslometers, are now read
as decreases in tension in the field tensiometers. It is obvious that the
cause for the two parallel behaviors has the same origin.

It seems that, slowly, the autorrmtcd Data Acquisition Systcm is being
debu~gcd and tint in the fulurc. continuous tension monitoring could be
applied to
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v:lrious fic

11 o{]r cxpcr-imcnts,

B1OINTRUS1ON lIARRIER T~INC

concerning the pcrfnrrr.ncc of different types of Liobarricrs .at
(I scnlc.s ,and [I]c cficcts of Iaycrcd–rock barrier- syslcms on t]~c

water Ikal:inc:c arc being nddrcsscd in :1 field cxpcrimcnr .IL :1 10W-lCVC1 W[lSL(!

disposal si(c (Arc:~ C), which will eventually bc decommissioned.

Tllrcc types of l-m–tt]ick hiolxlrricrs :~rc hcing LCS[[!CI in Arc:t G
(!xpcrimcnts in 6- hy 21-m plots: (1) 1[,-cm ~;ravcl (1- to 2-cm di:~m) 011 [(J]}
of 85-cm coblllc (“/.~-. Lo 12--~:m diitm) ; (2) l–m C(ll)lllc; :lnd (3) 30-cm gl-{lvcl

0[) top of ‘/()-cm [:ol]l)l~:, “[’]1(!s(? ( Ilr’c(! [ rc:ltm(!n Ls :Ir”c l){!ir]~{ (Yt)lll[xlr”(!<l Wi (] I lI)c
col)vcn~iorxll trcrl(’11 c:~p [rc;l[mt!nl cor~t:~inir:g 1 m of Crllsl}cd t.(lff WiLlloll( il

biohilr-rlcr, Sillc;(’ W(- Wt?rc Iryill)[ Lo l]roci{lc{! trr:~[mcllt {!ffccts over :1 sllt)r.(
Lime pcriocii WC (Isrcl only l~J cm 01 Lo])soi 1 over [1)(!s(: foIIr fi(’ld lr(l:i Im(:l)ls

10 CI)sllrr tlI:)[ l) f. Ic(Il; I[ iol~ flf w:!f .,I- l)lroll~l] III(s l)iol);lll’i{’r.~ wr)Ill(l I)c



df2Lcc LcLi usirl~ ncu[ r(ln Imli!i[l, l-(h s:LI.I~(! L(’(:~lIllqll(h S. A i:(’%illm C]ll(JI” idc Lr; lcI?r
layer w:ls (;mp l: LCc(l immcd i:1 [ (’ Iy l)crlc:~lli f.:lcl~ l>ioh:lrri(:r (:lI)fl :1[ u
Cflrresponding clcp[.1) in [Ilc c:o:lvcll[ ior]:l] [::11) [ 1’(’:1! Mr’11[) S(J [ ]1:1{ t]l(?

pcr.c Lratiorl of rools currcnr ly }~rf]wirlj< [lir~)l]g~ll I.lli! hi(]lxlrr i rrs Gin be
detc[:tcd by COI lccting plur)t s:~ml)lcs :In(l :tss; Iy irlg [1)(’m for Lheir ccsiurn
conrcn[.

/.11 of the vegetation s.amplcs C(I1 lcct(’(i on the controi plot in the middle

of the relatively wet 19S6 growing sc:~soll (July 1, 19S6) showed
above-background levels of ces ium ran~ing from 3.1. !3 to 163 ppm (Fig. ~).

The cesium data from the plots with rock barriers pmcrally showed
below-background levels of ccsium. i.e. , samples c’~llectcd in the Plot wit~~
the 15 cm gravel/85 cm cobble treatment exhibited ccsium concentrations
ranging from 0.23 to 1.22 ppm. Similar data were collected on 4 out of 5 of

the samples collcctcd in the ot]]cr two rock bar: icr systems; however. one
sample from plot 3 and one sample from plot 1 were found to have cesium
concentrations of ‘3?.4 ppm and 152 ppm, respectively (Fig. 4). }.lthough

more observations a,e needed with time, Lhis probably indicates that both

the cobble and 30 cm gravel/70 cm cobble biobarriers are finally starting to
fail at the end of the fifth growing season.
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In :lddilior) L(I (J(ll” rollti[]c mol]i r[]rinl: ol’ Lil(, :ilji 1 W:ller coll[en[ .!O cm
bcncarl! the hioh:lrricrs, wc [:() I lc~”[ [:(i Il[!ll[.rorl m(]i s [ Ilrc ~~al]gc dat,a at 15--cm
incrcmcncs in :11 1 the Arc; l C l)IOLS ill I>f]th A1)ri 1 :lnd July ()[ 19SG. ‘rl)c (1;11.:1
~rom the plot wi II101]L :1 rock hiolxirricr show(!{[ [ II(: f:{mi li; i.- pattern of an
incrc;lsc in volumccric w;.ltcr coIILcIIL wi th dcl~[ll al boti~ s:~mpl ing periods. A
dr;unacic Iiffurcncc was obscrved illthe invenlory of wa{cr in the 1.6 m
profiles: the soi1 water inventories dccrea: cd by more t}]an 50% aS wc

procccdeci from L!-.:. Apri 1 19S6 dale (rcf Icct in~:snowmcl t and heavy spring
precipi ca~ion additions LO the Lrcnch cap) to the .July 19S6 date. This
dccrcasc is due to both downward clrainagc of W:l LCr into the SLB trench, as

WC1l ,ascvapotranspi ration 10SSCS LO the acmosphcrc. especial ly in the top
140 cm of the profile where there was minim] plan t.–available water in Jui~
1996. The other three plots with the rock barriers demonstrated very small
dccreascs with time in w:~ter content in the crushed tuff below the
hiobarrier, bemuse plan( roots were not acLivc here (as the cesiurr,data

demonstrates in Fig. 4). This complements the pattern demonstrated for the
160 cm sampling dep L:.,showing that the soil water content at 160 cm is
usually higher under the rock biobarricrs th:inunder the crushed tuff
(control) biobarrier. This observation also reflects the loss of water
storage capacity in the 1 m thick layer of gravel ancL/or cobble that would
otherwise be present in the corresponding I m thick layer of crushed tuff in
this experiment.

JOINT DOE/NRC TRACER HICRATION EXPERIMENT

A field experiment was designed by the NLLWMP and NRC in 19S4 to evaluate
leaching and transport of solutes in sandy silt backfill used in SLB
operations at I-OSAlamos. This experiment was emplaced and performed
throughout H 1985 in caisson B (3-m diam, 6.1 m deep) at the Los Alamos
Experimental Engineered Test Facility,

One of the purposes of the caisson experiments is to compare the NRC
laboratory-derived parameter cstimites with those derived from the caisson.
This will provide unique data for evaluating the applicability of lumped

coefficients in modeling solute transport under controlled conditions in the
laboratory and in the large caissons. ln this experiment, Caisson B
received a single pulse input Of bromide and iodide (conscrvntivc and
nonadsorbing tracers) as WC1l .as lithium, strontium, and ccsium under

steady-state f]ow conditions, The bromide and iodide tracer data were used
to de ermine values of D , T, and ~, where D

5
is the diffusion coefficient

in cm Id. T is a torLuosqLy factor, and -r is”thc dispcrsivity Xn cm. These
values were used to estimate effcctivc dispersion coefficients for
subsequent analysis of the retardation factor (R) nnr.1 the distribution
coefficient (K ) for lithium ●nd strontium usin~ Ic:lst–sr,il:lrcs procedures.

d

In caisson II,nonsorbillg tracers (iodide and hromidc) were USCLI to
dctcrminc coefficients for waCcr hcing Lrilnspol-tc(l tllrollj~ll soil, .ancl sr)rbin~
tracers (ccsium, strontillm, :lnd lithium) were llsrtl[o d[’1(’rmincrt?t:lrd:lLion
f:lctols for n rilngc of iof) :dsorptioll afl’inilics, Flow coIMiif.ions lncl~~cd
Iwo G-d:ly (r:lccrplllscs WI (h srci~rly–st:i[c flow r:I)II(lil iol)s [“:IIx)III 4 (;m (]

(200 ml mil{”l)] find Lwc(i-[{:lyLr:lf:~r,)uIs[:Swi[li{lils,(!:ltly-sl:lt[!floW
condi tiol]s, Ill lhc S(lt)hrq(ll?lll “(()-d:ly I)(!rirj(l followilll% III(’ !iili~l~! ~r;~(:~?l’
inpll(, Sr)i1 .sol{llinn s;lml,lt~s wvrf~ col Ir.ci(!(l :11 itl(.rmm’1)1:11 {l~!llllls ~)11 il d:li1~
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~,=~ i s and :UM 1y7-C~l f{] 1- 1r:lccr cI)llc:(!l)Lr:l L ions , oul f low/il~f low s;lml~l(!s wcr(:
CO1 lcc ted and :umlyzcd for tr:~ccr collccntr:lt ions , f low rates were mc:lsllre(l .

~d neutron mois Lure g:lufgc (1:1 1:1 w(!I. (* (:01 1 (:c Lcrl :1s f{]ncr ions of ci(:pt}l :Ind

horizontal distnncc wi Lllint.hccaisson.

Tnc objective of our research cf forts this YC:lT (6) were to (1 )
qliantitat.ivcly cvalu~tc Lhc cffcctivcness of a one-dimensional
advective–dispersive equation to predict the transport of f.odidc,bromide,
and lithium in the unsaturated zone under steady-state flow conditions; (2)
quantitatively evaluate the reproducibility Of pul;c experiments by
comparing steady-state ~law pulses: the compiirison is based on the parameter

predictions from the advectivc-dispersive equation for two steady-state flow
pulses: and (3) quantitatively evaluate the feasibility of modeling
unsteady-flow conditions with average steady-state flow assumptions. The
word “steady” is used throughout this report to mean a pseudo steady-state

or nearly steady-state flow condition.

The respective conclusions to the described objectives arc the following:

(~) the advective-dispersive transport model, that uses a least-squares
solution (CFITM), is found to perform reasonably well under steady-state
flow conditions for the conservative (iodide and bromide) and the
nonconservative (lithium) solutes: larger dispersion coefficients and
erratic retardation factors are estimated at depths lCSS than 18CIcm; the
peculiarities at depths less than 180 cm are considered to bc directly
related CO flow effects introduced by the multiple-point influent solution
application system; (2) the flow conditions of the two near steady-state
pulses are sufficiently different such that dispersion factors are estimtcd
to be different by a factor of 2 for the two pulses; however, the predicted
retardation factors are close for both pulses; and (3) the use of average
steady-state flow conditions in the model to predict u~steady-state flow my
be suitable to estimte “ball–park” dispersion coefficients (within cum to
two orders of mgnitude); the approach more accurately forecasts the
retardation factors. These conclusions suggest the su:.tability of
steady-state flow models to predict solute transport in the unsaturated zone
beyond a ccrt.ain distance from the source of contilrnination(180 cm in these
experiments) when flow conditions ilr~ nc:lr stcndy-st:~tc. As flow conditions

bccomc more unstcildy, stc,ady-st:llcflow models l)cxomc ICSS SUi [il~~le,

although still appropriiltc for “’lnll-p:lrk”’ mod(:linjz.

2. Ikmcon. 11., “slruclurr ; Sc(:llcs(!(Ixlrrlt’1.t!sc:~l)ill:iir[!scI1nllli~!llx
porcux, Al)l)li~iltion :111SI,()(;I{:I)J:(*[1:111s 1(’ so], R:II)I)OIO[, (:I;A-1{--4:IIO
(I! Y?2),
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