
-----·---------
85 .. IY65 

.- -:- -
~ ; ' . ' . . ·- - -

G. W. G~e. /.i. _J . . = ay e r. 1.1. l. :=;ockiiold . "-·,c l ,i. ·J. C.!;-;-,:;:,e l l 
. =.;-::::: :'.;:;.-: .--: ·.-.-~5 ~ •-~:-: : : : : .... _,_ .~ :~:-: '. ~ -~:: . 'tV ,25 .~1:,,;:: .-: --~ · ✓ 

-=-. 

Variations in Recharge at the Hanford Site 

Ab str2ct 

R-:-c:-'.~:;e fro::-: 1~eteoric ~1..::-c.:1 iriin uid sno-·r:idt) is .t ."'. :::-:?"J.-,.i"'.t iiydroio~:c vJ.r iJO [i: . . \ '., . .-,o .... led_!'e ol :-ecii i: ~e :-J :es !.s nee<:~d 
\;; t:-1 e ist-eH::ic :it ol :,otc::il:il r.ounC ... :ater conta::ii.,-a~o:"l :,:-0:J:<r...1 .it t.i.~e C -~- Oe-;,i-,,::ient oi E:.,e:-C"'·· , ri.1i.:·o:d : i1 e. :1ea.r R.ic~• 

b:-id. \'.t··~runr.on . L,:simcter i,t.a. colk-c,c-d a.c a num!lcr ~t" loc~:joru it H~iord ~ver a :>c:iod of iQ vrs. inc'. ic3 te th.lt :-ec!iut~ 
rJ:e s \ ".li'\" .... -id~!,·. :-2.~ .i ... ,.t fro r., :nore t.h.in .100 r:,,::-. /vr to rii te'! :':Clr :ero {i. : .. :,o r.ie~ur1.0I~ driinat:el. Tn:.s - ide :-a:1,e i.:, rech1r;e 
i~ J.t;:b1,; .ted to ,:d..~a ::~:'i.S-~., ':l::c:oit,.ition. ,~~etati,·e·c~ ver. i.,C 11,;:1·.1..:e so il- :v:,e. Coi:"c•textt.:rcd ;.o-Us ._..;ll'lout :,l.:int.s :-idd the r.'!O-tt 

r~c:":i:?~. :::ic--l~x:u :-e-d :-aU;. -.. ;~·or 10,iu~out-ob.:,t.s vieid ~e li:1.H. Oee:>-roo ~~d oian~ . :uch" :;a~~:Jr..; ~:1. u~ ·!e:icrillv succ~:1 ld 
:~ !..:::1!~1~ ;ec:":.J .·;:: o:i .i.:.! ~~:J :; .1t :{3:,ford ;o nea;•:ero .1::-:.Jt.::.u . but. :1~.iLlo...,·-~001 eci ;,b.1t.:i :uc~ .:.s c:1eJt;r~;. 3?pe~r u:i.1:lle t!J.' 

? •e,·e:,t ::c~,1:;!' . D:-1i:i.1~e 1.i.e .. ;:c:'lL""J:) lror.i 1 c:'1e.J:;:l.5J<o,·c:-ed :~•1;:7'leter. :IJck;illed - ·i th sa:iC~· ~.:,ii. :.!'"<:"l~!'C 6 2 ;:-::';l: y:-

135% of lne l~.,~ai :ic,c::ii:> tionl curi:111: • J.,.,. teH I 1-?S~ :o 19861. 
T:,e ~:-:,e ::,; t.:::eci. !·o: c·-,:-.:~:-;i.!:-:J.:H.:5 :.J-t:J,e i th :-o:.:i'.!'l ::°:!' :;":;d,;, •.;:i s.1t:J:lted :o.i e .J t H.:nfo rci :, e~l!.m.1:ed to rJ:,ize 1·ro m thousi.,C:t 

of ~; eJN. tor rec.~a:;e rJtes :>e io.._· l r.:r:2:·yr. to te:-u o(~·e.1:--s . :"o.-, :-e-cr.L-;e r.1 te1 l.,;:,o,·! .50 ;;,.~ .. ~· :- . T:,e i~? i.ic J. tio:-:~ .Ji t.:, c:sc: fi.,C:::fS 
to en\"':...-0:i:ne.1:.iI ci e1nu ;, .1...-,d :-:i.tn.t.g"~:":'tc:tt at Hanford .ire ,i;-::!:!ci.,t. ?~e,ent ;,r:act..!c~s t!:.lt :~pi..1ce ,urlace ;.oil s "'·itii co:i..n-e s.2..,Cs 
J.:i.C ~:i\'ds l~c ~-- ! , ~:'!l o: ~::-: !t \·-:get.lr.i\'e gro-1..r.1; i:e :O-:C:1.:c:::! ~i~r.:iicJ.:i: r~c::.1.--;e t:". 3[ r.i.1y ('O:i tri :>u te 10 co;;tJ::i:nJ:"H r.i i~.1:i00. 

;{ ~:-:,eC i.a tio:i. !'.Jc:1 J.:5 CO\'e:"::\; ...,·~te ,ices ,,.,·ith .1 sU:- 10.1::i r):.! :.1 ~·~r. r...1~· ~c: r~-~~: :-cci to !i~:t :-ec :':.1:;c to :ic: ;i:;;!Oi e 1mou:ii.s. t..~ ·.;1 

~~H.: :i.,~ lo.-: !:•i~:'i':i ;,:-otec.ic :i of srou:ici-·~tC'r. 

In troduction 

[;o[ation of radio:1ctive "·~te3 in dry ;ea:r.:er.:; 
hi gh :2601·e the ,,ater t.tlile (i.e .. in the 1·acio;e 
zo ne), ha:; been co:-:sidered 3 ,·iable dimosai O:J• 

tio n for H:.:1iorci·s deie:-:;e ,,3.3tcs (t.;5DOE 198 :\ 
Public accept:ince of an in-place disposal op:ion 
depend:;. in pa:1. on clearly demonstrating that L~e 
"·~;cs "ill re::iain h:·d:ologically isolated for thou• 
sands of :·ei:s :iec:.:..:.;e some "·a.;te com?one:1:s 
(e.g .. technetium. iocii.,e) have ,·cry long half-li,·es. 
To be hydro logic.illy i.;olated, the "·astc zone ::,1..;c 

be located "·hc:e meteoric ••:ater d~s not oene· 
trate below the pbnt root zone and tra..-el c"o :!:c 
,,·a:er tab le. Such .... -a:er is termed recharge :2nd 
;e;;·es a; a mec:131'.ism for t:ransponi.'1g soluble co:i• 
ta:ni:1ants to the grou:ic:!,,,ater. 

J u.5t ho, ... · much "·at er from meteoric sou:-ces 
pc:1ctrates bdo ... · Lne olant root zone? This ques• 
r.io :i has been a.sked ;e?eated1y O\·cr the pas·c ..; 7 
:,ea:-s . . .\ corr.:71inee of the ~ational R=arch Cou.n• 
ci.! (:\atior.al . .\cademy of Sciences) .,..as forr.:cd :..'1 
1955 to address issues related to disposing of mii• 
oac:i,·e ... ·a.;:es in l:ie ground. The cor.1:n.:~ee 
reYie ... ·ed L'le scienti:ic Sa.sis for waste disposal ac­
U\-ir.ics at Ha..,ford and or.her arid sites and ex­
?ressed co.:ce:-:is a.:iot..:t t:ie· assumption L'lat ail 
?recipit3tion ..... as :etuned to the atmospne:e (1-ia 
e1·aporacon) and :ior.e ?ercol.ated do.,_.,,...ard to the 
... ·ater table at such ;i,es. In 1966, this committee 
,ei:erated i:s e;;:iie.r conce:ns by stating. ~;_he Cot..:n• 

cu i; dubious aoout the concept ,h:.l in arid a:-:a 
semiarid land s me teoric ,,a ter doe; not pacob:e 
do ... ·n1,·a:ci :.s far a:; t.ne ... ·ater tab le but inste:id i; 
lost encirely 6:,- ev:i?or:1tion and plant ~=pir:icion -
(\ . .\5 1966). The committee reco.-:imended tnat 
,·adose zone ,,·ater ::,ovement should oc thorougf-:iy 
;t:Jciicd, p:i.r.icularly ,,:th reference lo que;r.io:u 
about perco lation of r:l.i.i and sno ,,meit lo the "·a­
ler table. 

In 1985. a pa...,el of uni,·ersit:· :ind go,·crnr.:e:it 
experts on h:·drolog;, re,·ie,,·ed the recharge c;ues• 
r.ion at Hanford (G!e 1987). They ;hared L~e con­
cerns ex?ressed pre,-iously b:, th e :fatio:i:il 
:l.cademy of Science:; and stated funher. -:-.'ot "itn• 
;randing the general i.ridiry of th e cli mate at t!:e 
Hanford Site and t:i e absence of deep pc:-col:ltion 
:..'1 'nor:nal :·e:i.rs'. it is en tirely po;:;ible that ~o:;:c 
recharge of grounci,..·ater may indeed occ:Jr foilo"·· 
i.ng C?isodes of high precipitatio n. Such occi.;:­
rences are pa.-ticu.Jar!y likeiy under topogra?h ic 
de?ression:5 ,.,-here surface ....-atcr might accu::i:.i­
late. :..'1 places u:iderlain by very coarse and hi~::.!y 
permeable deposits. a..'1d ,..·hen the I.and is denuded 
of ,·egetation (as by ii.re .. by ovcrgrazi:ig. or by 
mechanical clearing). -

I.i a rece:11 paper, Routson a.rid Johnson (1990) 
concluded that recharge on L½e Hanford Site 200 
:l...:eas Plateau (,..·here most of L'le nuclear "·a.stes 
a.re ;tared) is negligibly small (0 ::: 2 mml-:,T). Tue 
basis fo r th is conclus ion rests mainly on .,.·a:er 
stsorage data o::naincd from one location . . .\t oL½er 
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loc:i:.:or.; on the :200 _.l_:e:15 ?b.:e1u a.'1d eGe ,,·:i e:e 
on t..;,e Ha...~orci Site G~:= !.3 mounting e,ici!nc~ d-:1t 
i ec iurge c:3.n be brge (exceed ing 100 ..; ..; / ,·r) un ­
de: ce:-::.:n cicur..5:a!:ces 1Gee 198: . W:! e! c!. 
1989a. Rockhold ,, cl. 1990. ~· 1ugh e! cl. 199 ! l. 

In this p:!;:>er. 1,·e address the re1Sor.s 1,f:~- ,e­
charge is so highly ,·a.ria.:ile at Hanford , re ,·ie1,· the 
recharge studies publi.shed to date. then use 
recharge estimates to predict the time ex?ected for 
mobile contaminan ts to tra,·c:l throu5ch the ,·adose 
zone to the underl:·ir.g ,,ater table.~--e conclude 
b:· discuss ing th e impi.ications of rech1rge ,·a:i1-
tion on ,,aste manage:nent ;,ract.ices. 

General Considerations 

Recharge is controUed b~- t!iree m1jor fac tors : c~­
mate. soil and ,·eget1tion. The .i;sessment oi 
rechan:e at .,.·aste sites at Hanford reoui:e.5 an u:-,­

derna~ciing of the interaction of the· three r.iajo r 
factors . both unde r r.a t:.:ral site conditions and -.tn· 
der conditions tha t r.a ,·e been distu:bed or moc i­
:ied by site operations . Topographical re liei c;;.n 
also anect recharge. but :nost .,.·aste processing sites 
1t Hanford are located on nearly fiat :errain. and 
runoii (or :-..:.ion) is :n:·requent. :hus topog:aphy i..s 
conside:ed of secondary im;iortance. 

Clim~:e 

.\t the Hariord Site the 79-:,-r-a,·erage preci;iit1-
tion is 162 mmi:·r. \l;' i.iten are cool and 1,·et ,,i :h 
sum:nen hot and dry (Stone tt aL 19831. Changes 
in total precipitatio.i as .,.-ell as seasonal distrib:.z­
tion significantl:· affect rech1rge . Since 1970. an­
nual ;irecipitation has ,·aried "'idely. ranging fro:.. 
76 m:n i., 19,6 to 281 :nm i., 1983. In soi,e oi 
Llie~e Yariations. the 20-yr a,·erage of 168 m:n ~ 
just slightly more than the 79-~·r average. Periocs 
exceeding 65 da~·s "ithout r .. .in ha'"e been re­
corded l""ice in the fast 4 :•n (1988 a.,d 1991). 
-..·hi!e storc e,·ent5 ii;c;i as thu.'1de=-sho•••e=-s (-..iLli 
i.,te:1sities g:-e3ter tha., 11 :nm in 10 min) ha,·e 
also b«., recorded i.'l the recent past (1991). 

Uncle:- Hanford cli::1ate. mo,,, of the ,.-acer a,·ail­
ahle for rech.a:-ge cor:i~ i., Llie "'inter :no::tths. dur­
i."lg ;ie:-iods of low C'·aporarion. In addition to .,.-inter 
rains, :;.,o.,..-=:ielt ca., be a., i.-r.?Or'...a."lt co::0...:iutor to 
recharge at Har.ford. Ra;,id sno.,.-melt has t>e1:n ob­
se:ved lo c.a:.:se high :ates of ,..·ater iaE.l~-acion i., to 
soils resiiliir:g i.'1 signmcan t drai,age (recharge). F o: 
cx.a::1ple. i., Febr..:a_r:.; 1985. 1 ... ·a.--:.i -c:1!nook.­
"'ind. g,..:ring to 72 k.=:-.r. melted most of a :200 
:nm (a;ip,ox. 8 in .) sno,..· pack in less tha., one ca:·• 
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c 2~u-:~ s1n u:c:!.:H n.t ~o u :..., 5vmc: tocauor..5 .a.:ii:J u,. 

::.1::-.:Hio~, C'.i ot!~as \We a.,ci H:Jd 1988). 

Seils 

~·.irface ;oiis on the :200 .\:e~ ? l1tea'.! at Ha:1-
ford a:e predominantly coar;e-textured allu,ial 
;1ncis. co,·ereci :iv a va:iahlv thick mantle of ,.._~nd­
deoosited fine ; ~nds (Haj~k 1966). and are a;;. 

so~iated ,,ith the Quincy soil series (mixed. mesic 
Xeric Torripsarr::nents) . These ;urface ;oils ha'"e 
hil=h i.'11.lltrat.ion caoaciLies. thus rains infiltrate re:id­
~~:- ,,i t., li ttle or no· ;urface r .. rnoff. Subsurface ;edi­
ments are 1,·eU-drained coarse ;ands .:ind gra\"el; 
of d ac::tl-tlu,·i11 Wood) oririn (c:as;ed info::r:.:illv 
as ~ e Hanford fo rmation). These ;ediment.5 o,·e;. 
la:· com?acted sil t3 and cla:,s of d~e Ringo ld For­
~.:Hion l T allm1n e, al. 19 ,9l. 0 :1 :he 200 .-\.:e:15 
Pbte1u ,fig;,.ire 1) the ,,·ater table tlocated ne1r the 
to:, of L½e R:.,~o!d Formation) i..s 3.3 m:ich as i C•O m 
b~io,..,· the lan-d surface (C5DOE 1987). 

l.'egeta,ion 

Vegetation co nsist.5 oi shrub-step?e plant co:nmu• 
:iities comoosed of ,,·inter and summer annual 
~ses a..,ci perenni.11 grasses and shrubs (Rickard 
1nd Vaughan 1988). Th is dese:t ,·egetat.ion. be­
cause of its mi.,;:ure of ;hallo"· and deep-rooted 
pla:1ts. is generaUy ,·ery efficient in utilizing soil 
water. Winter a.rinuals such as ?Oa (Poa Jc.n.i;;~rgii 
\i3.5e:·) or cheatgrJ.Ss (Brom!J.j lec!Orum. L) have 
root.s that extend only a fr:iction of a meter i."lto 
the soil (Llnk e! cl. 1990). While "'-inter annuals 
are efficient in competing for water stored near the 
;oil surface. they cannot access .,.·ater below their 
shallow roots. Lack of ,,·ater coupled ,,ith increa..<ed 
temperature cause these grasses lo produce seed 
and die i., late ;;iri:1g .. \ mantle of dead bioma.;;s 
(1e4'·es. stems. etc. ) from these grasses penists as 
ground co,·er di;:ing sum:ner and fall and co:itrib­
utes to freq:ient a.rid extensi,·e "'i.Idfues at Ha.-:ford 
(Rick.a.:d and Vaughan 1988). 

Pe.-cnnial shrubs. indu~ ~br.;.!;h (Ar-..cn.£sia 
u£.d,a,~ .'.\utt.). rahbithrush (0..r:"JtJrf.amr~ r~ 
osu..s Pall~), and bine:-brush (Pz.:nh.ia. rr:.tu:t:.c.!.a 
P~rshl, as ,.-ell as summer a.rin:ia!s. such as n:s­
sia., Ll.iistle or rurr.ble,,·eed (Sa.!sola .f....cli L ,er. ~,~­
ifoli.c. Tausch) a.rid bursage ,-i.mbros.:'.a a.car..zr.!.cc.7a 
L) are common to the site and have extensi,·e root 
systems (1Qepper er c.L 1985). Tne ?Crennial sh.-..:.6s 
and summer annuals su£er summer ,,·a.ter streSS but 
ge.,e:ally S'..!I"live du.ring the su..-nr::er mont.~. u.;;; .. _ 
i..-:g both sur:imer rains and ,,·ater ;tared at de?th 
m the soil ;irofile from "'-inter ?recipitation . 
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\'egetation changes i:i re;oon;e lo di:nale :a: ~:i.n­
ford are reb.tivel:,- co:nr.i;n. Over the yea~ the ~e 
have bee:, ?e~iods oi c::ougnt :i.nd periods ot" ~x ­
cess .. inter orecioitation ;,·hich have affected ;::ie­
cies cor:.?o~ition·. In ::.dciition. there ha,·e o~e:i 
:,umero:.:s ,..iJdfi..-es ,,·hic:i h:ive dramatic.ally al:e~eci 
olant communities at Hanford (Rickard ::.nci 
\;au£ha:1 1988). For examole. as sho"-n in Fi~re 
l . a ~ildfu-e in 1984 s"·e;it ~ve.r Ractlesnake ~!;un­
tain and eastward to the Columbia River, burning 
more than 518 km 1 (o,·er one-third of the entire 
Hanford Site) (Price et al 1986). Sagebrush does 
not re!prout after fires. so for :he past 8 yrs a sig­
nificant oart of the burned area has remained 
shrubb~. co,·ered primarily ,,ith cheatgrass . In 
the bu:ned area it is ex?ected that recharge poten­
tial has increa.!ed. since .. ·ater !tored at depth from 
,,inter r~:is ha.s likely d~ined belo,,· the root zone 
of the ;h:illo,,·-rooted grasses. 

Surface Oisturbc:nces 

Site o;ierations have h:id a significant imp:ict on 
recharge thro.ugh changing the surface soi.I and 
,·egetative conditions at speciiic ,..·aste sites. As an 
example. since 194 7, many large storage tanks 
(ranging i.., size from 55 thousand- lo 1 million­
gallon ca:iaci.v) have been buried in the 200 Areas 
;t locati;ns ~ed .. tank farms" (lJSGAO 1989). 
During excavation of the tank farms . both vegeta­
tion and s,.:.rface soi.I ,..·ere remo,·ed. Backfill ,..-hich 
now cove:s r.he tanks lo a depth of about 2.5 r.i. 

consists of ,·cry coarse sands and gravels (5:noot 
et al 1990). The coarse-tarured surface combined 
,..;th an absence of ve£etation (,ia herbicide aooli­
cation) optimizes conditions for recharge. · · 

At other locacions in the 200 Areas, ,..·here liq­
uid and solid wastes have been buried. the sur­
fa ces often have been covered ,..;th soil and 
revcgct.ated, primarily ,.;th a variety of grasses 
(Fuchs and Cox 1983). There are no detailed 
studies of soil type or plant rooting depth at the.5e 
"·aste sites, so it is difficult to estimate redu.rge 
conditions at these sites. However, the transplanted 
grasses at these sites have. in general. sha11o,,,er 
root., tha..'1 the original co,·er (shrubs, etc.), t.l.ius 
,...e "·ould expect the recharge potential to have 
increased. 

Recharge Methodology 

The ";de range of changing surface conditions has 
given rue to a ";de range of recharge that is only 

240 k. Fa:·er. Rock.hold. and Campbell 

:10 -..· be!r.g documented . Q.l;antific:ition ot ~echa.-ge 
ca., or,Jv be i.nciiec! ;i..,ce the c:ee::, -...·:iter t.::..=> le a.,d 
!ack or"surface ,,,ater (st:eams. e·tc.) prec!ude di­
~ect measurements . Tracer tec:in iques and 
Iysi~e te:-s are t-..·o approaches Lhat ha,·e been used 
:o estirr:ate recharge cond it ions on the 200 .\re~ 
Plateau and e!se,,here at th e Hanford ~: te . 

Initial Studies 

There .. ·ere ~,·era! research stud ies initiated at the 
Hanford Site in the late l 960s and early 1970s 
desimed to address the question of natural 
(:net~oric) recharge in the 200 Areas . One of the 
studies mea!ured bomb-pulse tritium distributions 
in the soil. :1-nother study focused on "·ater bal­
ance measurements m ly5imeters. 

Tritium Profiles 

From 1953 to 1969. signi.Iic:int qua.,ricies of r.riti'.l~ 
,,·ere released to the emironment during atmo;­
:iheric tesrin£ of thennonuclear "·ea::xms (i.e .. hvdro­
~en bombs) .-T ritium removed fro~ the :itmos;here 
durin <> orecioitation e,·ents ,,·as deoosited o·n the :, ~ . . 
land surface in pulses in the l 950s a.,d 1960s. The 
do,..-nwa.rd migration of these tritium pulses should 
indicaie the depth of penetration of recent recharge. 
Based on consistent!.- ele,·ated levels of tritium fou.,d 
i.n near-surface sediments (Bro"·nell 1971). there 
is an indication that meteoric "'·ater moved to depths 
of about 5 m during a 16-yea.r period. Ho,..·ever. 
the tritium fallout study " ·as marred by non­
replicated sampling. possible cross~ontamination. 
and poor vertical resolution. 

Lysimeter Studies 

LYsimeters ar~ simolv soil-filled containers of var­
io·us sizes and configurations -..·hich can be used 
to measure .. ·ater (and solute) flow through soi.I. 
L,;simcr.ers. as used under field conditions. are 
g;nerally set ,·crtic:ally in the ground -...-jth the top 
ooen and flush -..;th the surrounding soil surface. 
The lysimetcr soil responds to the precipitation in­
cident on it and the ""·atcr balance (i.e .. precipita­
tion balanced against C\·apotranspiration, "·ater 
ston,:e and drainue) reflects the surface condi­
tions -of the lysimet.;.. Under appropr.ate circu:n­
stanccs lysimeter data can be usc.ful in estimating 
recharge (Gee and Jones 198.5). Generally, the 
la.~ {and deeper) the lysimetcr, and t.1-ie mon: sirni­
lar the l)·simeter surface soil and Yegetarion are to 
the 5urroundings. the bener the estimate of 
recharge. 
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t:~e fL~t 5U.1dv of ~ecr:1r::e '..!Si~g {vsirn~~~~ ·.,·1:5 

•:J:ici:med at tn ; Hanford 5i:e in -1971 (H; ;e:i et 

~:·. 1973). T1,o 13-m-deep lysimete~ . one c'.o;ed 
:: tne :iottor.i .• ~.e other O?en . ,,ere in ; ti.i eci on 
:::e 200 .-\:eas ?b:eau in a location li,at i; ::iout 
:2 ~ :71 ci:recth- :;01.:tn oi the 200-Eat .-\rea I r is--..::es 
• ' ·7 1 T. . I ' ' h ' -~ a:.a - . o our :,.no,,· eage tnese are I e cee::>eH 
:::;::neters in the 1,orld . .-\s indicated b:· 8:01,:ieU 
et cL (1975). -,he general plan of the l:·:;i;;ieter 
e.x;:ieriment ,,:as to use the clojed-bottom l;:;imeter 
:?..S a container to collect water. if it does indeed 
te:id to percolate to the ,..·ater table on the 200 
.!.:e~ Plateau oi ,he Hanford site." >feasu:e;;,ents 
d ,..·ater content i:1 the closed-bottom h·;imeter 
could then be in:erpreted as an indicati;n or the 
;:i:esence or absence oi recharge. Inc:ease ci 1,.:!ter 
content in the bottom of the lv£imeter 1,·o:.:ld re­
:;,..:.Jt o:-Jy if ,..·ater had percolated to the botto:-:i over 
,::e oeriod of 1he :;tuciv . Stable or ciecre~ i:: z 1,a­
:er ~on tents ,,·ould indicate lack of rec ha:~~. 

The iysimete:s ,,·ere filled ,,ith sec: ime:it ,.-~.ich 
had been exca,·ated from the site and thoro •.J znl\· 
::::xed using a road conscruccion batch-plan: lo~ 1ed 
nearby (Hsieh et cl. 1973). Gee (1987) :e;ioned 
t!.at the sedimer.t in the ciosed-bonom lvsir::eter 
had a sand le:-.:t:.::e (87% sa:id. 10% silt.and 3% 
c:ayi. Tnis is ve:y 5:n-.ihr to lhe text;.ire of core ;edi­
ment.5 ta.ken i:om fo1.:r ,,ells adjacent to :he 
!~·sime:ers (Rout.son and Johnson 1990). Do"·;well 
access :ubing ,,-~ installed for monitori:,!!: ,,ater 
content profiles u;i.ng ias:-neut.ron-moderati;:1 :ech­
niquC5 .. Monitoring of the l:·simeters was ini:iated 
in ea.ri:, 1972 a:1d continued on a routine 01Sis 
for a ?e:iod of about 7 :·rs (Bro,...ieil er cl.. 19, 5. 
L2.St er al. 1976. Jones 1978). 

Detailed records oi 1·e2:etation ,..·ere not ke::> t for 
L7= !;·$Tlete:-s. Routson ~.,d Johnson (1990) ;ug­
g~: L":at lhe l:,si:neter surfaces ,..·ere reb.civei~· free 
c,f vegetation from 1972 through 1980. Ho,..:e,·er. 

· Gee a..."ld Hel!er (1985) show photoirraoh;; of the 
l:;si.-;ie:ers taken in 197 4 and· 1978- "i.t:i ,·ezeta­
tion (pre5umabl-y tumbJe,..·eed) gro,..wg on- Liie 
!:·si:ne:e::- surfaces. We as.sume from Photo:e::-a!l ruc 
:-ecords and periodic ,-isits that some ... ~getarion·,...as 
?::-e5ent on the l:·simete:s during much oi their 
h!.!tor;,·. 

Interpretation of the neutron logs by se,·eral 
:e5C:!..--C..7crs (Bro,..-ncll et cL 1975. Last er c.!.. 1976 
and Jones 1978) suggested that if meteoric ,,.:a te r 
.:2.5 mo,ing deep into die closed-bor:om lysi:neter. 
:t ,...as doing so l'ery slo,dy. Bdow the 5-m depth 
lhe ,,..ater content sta~·ed relari.,.ely constam at about 

•}.06 c:n' ic~j. fo:ies I l 97S) ;u~ge;reci that tr.e 
,:o:,;t.;.,t -.·.:i ta content impLleci a 1.::1it h:·cira:..ilic _gra­
c:e:it ti.e .. ~~avir:, drai:iage·1 condition . Jone-s 1.:sed 
::ie cia:a of H ; ien ec cl. ( 19 ;- 3 l a:id c2.lc:.::a:ed the 
:;:,sa:ur.:ited h~·ciradic cond:.icti,·i t:,· at a ,,ater con­
te:it of 0.06 cm; 1c:-:, 1

• ,,h ic:i he u;eci to estimate 
a :;:e:iciy-sta:e recharge rate oi approxi:nately 5 

Subsequent Studies 

~::,ce the · 19 70s. studies of recharge have con­
ti.,ued. >lode! de,·elopment and u;e of additional 
lysimeter facilities have increased our understand­
ing of recharge ;,recesses at Hanford . figure 1 
; ho,,·; t:ie iocation c,f the :idditional lysimeter 
:;,uciies . Both modeling and l:·simeter sti.:dies have 
been used to document rec harge under a range 
vi soil a:id ,·eget.!:i,·e conciitions. incl1.:di:1g the con­
ciitio:i ; at the :200-E.1.5l L:·.;i:neter ; i:e. 

Modeling of ,:-.e Clcsed-oottor.1 200-East 
Lysirne:er 

To determi:ie lhe role of ,·egl!t:1t.ion in controlling 
,,·ater balance. Fayer ec aL (1986) i.:sed the 
C\3.-\ T-H compu:er code to model the :ZOO-East 
closed-bonom lysimeter. The ui\S.-\ T-H code em­
bociies a finite-diiference model lhat soh-es tran­
sient. unsaturated ,..·ater flow problems. With the 
u\'S.-\ T-H code. they simulated the daily ,...aler bal­
ance of .he closed-bottom l:·;imeler. "ilh and ,..;th. 
out vegetation. for the 14-:·r period from January 
1972 to December 1985. Inputs to lhe model ,..-ere 
daily historic:i..l ••:eat.her l'ariahlcs (precipitation, so­
lar radiation . maximum and minimum air temper­
ature, re.latiYe h1.:midit:,-. ,..;;id !peed). soil hydraulic 
propenies. and a plant algorithm lhat accounted 
for uptake of ,..·ater by ,·egetation. Plant-cover es­

timates ranged from 0% in 1972 and 1973 to a 
mm-nu.-n of 30% in 1978 (based on photographic 
e,;dence) . 5e3.5onal gro"'-th ,...as simulated by in­
itiating ,..·ater t:pta.ke i."l late !pring and !Ummer. 
and alJo,,.,uig the plant to extend roots to a depth 
of 3 m over the course of each summer. 

Fi!=e 3 sho,..·s the simulation results reported 
by Fayer er al (1986). Simulated water storage 
:ncreased 175 r:i:n ,..-hen no plants '-·ere present 
and decreased 28 mm ,..·hen plants were present. 
The simulated ,,:ater storage ,,.;th ·plants is in 
reasonable agreement ,..;th lhe ,·alue calculated 
from the core data obtained in October 198.5 and 
reported by Routson et cl (1988). 
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G) 200-E~ Lysirnet2!"S 

@Lysirneter Faciiity at ALE . 
M:::noti:!"1 
Lys~"7-:er 

lnsm.:rner.t 
Chamber 

Sc.le for 
Lysir.l~,er 

@ 3l.!r12d Wcste Test Fcciiity 

-~~~. 

t:~;;., ~-~ 
Non-Weoc;ning 

Lysimeters 

@) F:e!d Lysir.:eter Test F2c:iity 

@ Smc.11 Tube Lysimeter F2c:iity 

Srnaa Tu::e 
Lysime:er 

l 

Figure 2. Sc.l.ic~c:s of lysi=ictcr fac:,::ic.s . :'-ur.1:>c:cd c::clc.s arc locations sho--:, o:i ri~~rc l . 
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I UNSAT-H rv1odel 
. I ,' ,est Simulations j\J\..: / 
l {\ J I, : J~o I- 10-.n D•~:i , 

_ I lysimeter W, t!'lout \)J]\i.)"J , 

! m~!- f ~✓ . 
j JC~ i\,~•· / S:or•;~ Measur~~ 
-' ~ . I I \I\. ~i'w on 7 Oc::,ber 19,, 

m WI '\.J \ ... {\I\) .. 
?tams Stan.d V V \J V V'V = With Plants 

75J ~......,,..,..
1....,·--=-=-·-=--~~-----' --~--•--.... 

i2 iJ ;4 75 is TT ,3 ;, ao s, s1 aJ a.; o3 
Year 

~r-..1re 3. P:edicted a.,d ob!e~·ed 1-·ater s,or~~ lt th e _ J..,• 

E""t dosed-bottom ~·sir:ictcr. 

.:!..ddi!ion2I 200-East Lysiiiieter Measurements 

Routson tr a.L (1988) collec ted 5arr.;,ie; for ,,·ater 
content analy~ i5 by coring the c!o~ed-botto:n 
lysi.meter in October l 98~ . They found lo"· ,,·ater 
contents that compared fa\'orably ,,-it!-1 1,·ater con­
tents measured during filling operations in 1971. 
They ~o ob5er-·ed no increase in ,,·ater content 

--0- a2re 
-t:,.- Sage 
-C:- Gr2ss 

50 
~ 
C 

E -
0 
C 
C 
t".J 0 
u 
0 
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e 
0 

en 
-50 

JUL 

:i t t:.e bottom o( th e l:; simeter and on!~· ; Ll gnt 
c:i ange5 in ..,.:i,e:- co~tent beJo,-· the 3-:n de?t:i . 

• F .om th e r.: ~:!.S u:-ed differences in ,-·ater con tent.s 
ber,,een 1971 and 1985. Ro utson~! cL (1988) 
co:ic!u cieci :;ut the drainage (recha:-ge) at tni5 lo­
ca,:on ..,.as negligibly small (0 ::::: :2 m:ni:,r). 

fn far.a.-y 1988 a \'isit , ... :15 made to t:ie 
200-E:i.st [y;imeters . The open-bottom lys imeter 
had been oartial!Y exca\'ated :md cou ld not be 
monitored. ·\l;·e fo~nd the rim of the closed-bottom 
l\'simeter buried benealh about 20 c:n of soil and 
the surface \'egetated ";th mostly annual grasses 
:ind "·eeds. While remo,;ng the soil down to the 
h·simeter rim "'e disco'\'ered that the roots of 5curf 
pea lf sor-c!~a. lan.a:ola.ta Pursh). a d~rt lenci.l ,,-ith 
a orolific root S\'Stem. ,,·ere abundant in the soil 
ab·o\'e the h·;im;ter as ,,ell :is outside the l\'simeter 
(~e ti cl..1989a). Brownell tr al. (1975) indi­
cated that the rim ,,·as buried more than 15 cm 
beneath the ;oil 5urface at lea5t a5 far back as 
1975. Th':.!S. e\'en if pbnLS ,,ere specific:illy re­
mo\'ed from the surface directly abo,·e the 
lysimeter. rooLS from plants outside the lysimeter 
could h2\'e acces..~d the water "-ithin the lysimeter. 

fig-Jre 4 shows the obser,ed changes in "·ater 
Horage compared to changes in surrounding 

1 50 

100 E 
_§_ 
C 
.2 
~ 
c.. ·u 
e 
a. 

50 

0 
1989 JUL 

Time 

F'~~ 4. ;l,{cuured ••alcr s:o~e ck..,~ at the '.!00.E....: clo~-bonor:, !pi::ie1er and ad~nl sites. w ~ph.. re;,re,c::H r:io:uhly 
prccipiwion. · 
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,·ege tated sites \Roc khold !C cl i 990). Tr,e -: a::. 
c! e-arh· ;; no"• di.ffere:ices i:i --·a ter :e:;;o,·al :i:,· :i::.re 
an d v~get.ated surfaces. The dat.a also , ho ... · t!le ei­
fe cts of \,-i..'1t~r r1in on ,...·:Her acc u::n .:lation in the 
;oii. In i:1e ba:e surface l:·simeta :he ,,:,te: sto red 
fro m ,,i nter r:..i:is in b te 1988 :.nd ea:-!:,· 1989 ue 
no t removed from the ?roG.!e .. \t adjacent [oc.auons 
,,here plants (grass and shrubs) ,.,ere gro"-ing on 
the soil ;u:face. the ,,_-inter rains ,,·ere entire!y re­
mo,·ed b:,· late spring. The dat.a are in q::alitati,·e 
agreeme:1l ,.;th the model predictions by Fayer ec 
al (1986). The lack of recharge !uggested by the 
1985 coring dat.a of Rou~on ec al (1988) does 
not appear to be due to evaporation alo:1e. but 
rat.her to the combination of evaporation and tran­
spiration. If plants are removed from ,,.-as t~ sites 
,,i t.h soils similar to (or coarser than) the sands 

F"aciliry• SoiL Y e;e~tio:i [:-:-:~. 

200-E~t 5i-..dff u::i:, (c,.·et:d " • 0 

200-E.a.s t 5and/oa:e " . o 

SWIT Sa..,d/o....-e " • 0 

3"\TTF Sa..,d/Bare " . o 
BV:TI 5~:id:'Ba:e ' . o 
BWIT Sa.-..c;! ,3a:e ' • 0 

B-c;J;7"F Si-..d/Ch=t.r,us " • 0 

BWTF Sandffu::i:,(c,.·e,:d >o 
St.TI Sa..-..d1T u::-::, (e,.·eed >o 
BWTF Sand, T ur.,:,ic'-·~d " . o 

.-U..E Sit Loa.-,,iS~:,rush >o 

.\LE Silt Loa::,/3u:ic;:-ass >o 

FLIT 5ilt Lo4.~:C:a.:'! Yes 
FLIT S!t Loa.m:3'1:e >o 
FLIT 5:.lt Lo.u:i/52;e:>rus:i Yes 
FLIT 5:.!t Loa=i.'52.J!-=!>:i.:.sh .-..:o 

STLF Gr3,·d o,·c.r 5ih/3re Yes 
STLF Gravd ov,:r 5ih/3a.re ~o 

found i., L>\ e :2 00-Ei;t lys ir.ie ter . 1,e "·od d expec t 
\,·ater storage {:!..nd L~ us recharge) to increa.s~ . 

3 •~ried W2ste Tes: F2cil i~ Lysime,ers 

figure :2 sho--·s the configuration of the Buried 
-:ra.ste Test f aciliry I_B~-TF) ,,.-hich h1S been in 
operation since 1978 (Rockhold u al. 1990) . . \ 
suite of lysimeters at this facility are used to mea­
sure ·the ,,·ater balance of unveget.ated and 
,·egetated sands. Drainage l:,·simeters (2. 7-m dia. 
by 7.6-m deep) and ,,_·eighing lysimeters (1.5 m 
by 1.5 m by 1.5-m deep) have been used to mon­
itor drainage at this site for the past._ 13 )TI. 

Table l sho,,·s that drainage from the ,,·eigh­
ing lysimeter ,...·ith a cheatgrass co,·er was about 
35% of the annual precipitation for a 3-:,·r period 

TI::te (o::,i)·r) (% of Precip.) Ref.' 

1971-1985 <2 < 1 
1983-1989 90 43 2 

I 985-1986 111 48 2 
1986-1987 102 5.5 2 
1987-1983 40 29 2 
'.938-1989 42 2~ 2 
!98+1986 62 35 3 
i 986-l 987 I 5 2 
!987-1988 o· 0 2 
1938--1989 10 6 '.! 

1986--1990 o· 0 4 
1986--1990 o· 0 4 

!987-1990 o· 0 5 
1987-1990 o· 0 5 
198i-1990 o· 0 .5 

!937-1990 o· 0 .5 

l 988-1989 204 59 6 
!988-1989 -, ,~ 48 6 

· 200--E.ut - 13-r,Hj~?• Oo~-3ortoo lyii::icta I::!"...--~ 1 a.-,d 2) 
BwTF - Buried W utc Test r ac:ili~·-300 .;..,.ca (~.:..~ 1 a.-..c 2) 
• .lJ...E - .-\.:;d ur.c3 u:olo~ rlese:-1·e l)·si::ietc.-. (ri;-.:..--es 1 a=id 2) 
TI.IT - ricJd Lysii::,c:er Test radity (ri~c, 1 =d 2) 
STL: - 5~ Tu!>c l)·sirnc,cr Fac:liry- iri~cs 1 =d 2) 

• I-Routson .. .,d Joh.-uon (1990) 
2-Rod:hold c c.L (1990) 
3-G.:c (1987) 
4-G.:c a c.L (1991) 
5-uopi>cll c, c.L 1991, 
6-Wau!?' a cl \1991) 

'Zero .-a.luc i:,d;a:cs that no c:-ai.~ occ-~r.-cd fro::, ~-:rir.,c,c:-is). 

Gee. Fayer. Rockhold. a.,d Cam?:>ell 
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(1984-1986) . C!-ie2. tgrass i.; 5l, ;tlJo,...·-rooted {o:i­
served rooti:ig dept?'ls of les5 Llian 1 m under H::..,­
ford 5ite soil condi tion5) and apparently unable to 
utilize the ,..·in ter ra ins that infiJtrated the sa:idy 
soil and accumulated bdo\,· the root zone. The 
increased storage below the root zone resulted 
in drainage. In subsequent years. when deepe,­
rooted plants (e.g.. tumble,..·eed) im·aded the 
lysimeter, ,..·ater in the lo\,·er part of the lysimeter - -­
,...as removed and drainage was reduced signifi­
cantly. As expected. drainage from lysimeters "ith 
no plants "·as always greater than from the 
lysimeter "ith phnr.s. Drainage from bare sand va:­
ied v.ith time. ranging from 40 mm/yr to 111 
mmfyr. in response to annual fluctuations in 
precipitation (Table 1). 

.A.LE Lysimeters 

Figures 1 and 2 show the location and schematic 
of four monolith lysimeters that v.·ere installed in 
1986 at the A.rid Lands Ecology (.UE) Site at the 
north end of Rattlesnake ~1ountain at an elevation 
of 300 m above ~15L. The monolith lysimeters are 
boxes approximately 1.5 m on a side, constructed 
to contain undisturbed. silt loam (mixed. mesic, 
Xcrollic Camborthids) !Oil (Gee et cl 1991). The 
,..~dfue of 1984 pro,ided the treatment effect for 
the lysimeter study of water balance of differing 
plant communities. Roads in the area acted as a 
fire break and isolated an undisturbed area adja­
cent to an area consumed in the bum·. One pair 
of lysimeters contained bunchg:rass i4grop)TOn 
lpicctwn Pursh.) and ,..·ere located in the burned 
area ,,_-hiJe the other pair contained bunchgra.ss and 
sagebrush and ,..·ere located in the unburned area. 
Si.'lce installation. the lysimeter5 have been a-posed 
to ambient precipitation which, because of loca­
tion near Rattlesnake Mountain, is about 230 mm 
(42% higher than on the 200 Areas Plateau). In 
spite of plant cover difference and eb·atcd preci;:,i­
tation. none of the lysimeter5 at the ALE site have 
drained (fable 1). 

Field Lysimeter Test Facility 

Figures 1 and 2 show the location and schematic 
of the field L:,·simetcr Test Facility (FLTF), .,..·h.ich 
,...as constructed near the Hanford Meteorolorical 
Station in 1987 to eYaluate the use of cnginc;red 
soil covc.'"5 (barriers) to limit ~~e at waste sites 
(Gee er cl 19896, Campbell et a.L_l990). Fo:ir­
tecn of the fl IT l:,·simeters are 2 m in diameter 

and 3 m deep. These lysi:-ne lers are iilled "~:., sedi­
ment la:,ers in the foUo,,..·ing seq uence i:c::i bot­
tom to lop : roc k. g,a\·el. sand. and a 1.5-:::-thick 
layer of silt loam soil. The remai.;.:ng four i~-s~-:ieters 
:ire square boxes ( 1.5 m x 1.5 m x 1.6 r.1 ) fill ed 
,,ith 1.5 m of silt loam soil overlying a ia~·er oi 
sand. The boxes rest on large (9 .6-~lg-.::.:.;,acity) 
electronic scales. The soil in the top of all L~e FL TF 
l:,·simeters was exca,·ated from an area about 10 
km \,·e~t of the FLTF. where the soil is cl.u!ified 
as Warden silt loam (mixed. mesic Xerollic Cam­
borthids). A typical particle-size distribution for this 
silt loam is 19 percent sand, 69 percent s:!t and 
12 percent clay. 

.-\. series of \,·ater balance experimer.:s ha\·e 
been conducted to lest ,·arious surface conditions. 
i.ncluding changes i.n vegetation (bare soil n. trans­
planted shrubs and gra.sse5) and ch.:.:;ges in 
precipitation. The precipitation treatments exposed 
lysimeters to ambient and enhanced preci?itation 
conditions. The enhanced (320 mm/yr) t:eatment 
is rv.ice the annual average precipitation and is 
higher than any annual amount ever reco:ded at 
the Hanford Site. There has been no drai:1~e from 
treatments with or ,,ithout plants under .:.mbicnt 
or enhanced precipitation (Table 1 ). 

Small Tube Lysimeter Facil ity 

.-\.djacent to the FLTF there are 105 smaller 
(0.3-m-diameter by 1.6-m-deep) _ lysimeters cur­
rently in use for water balance studies (Figure 2) . 
These lysimcters. part of the 5rr.al1 Tube L:,simeter 
Facility (STI.F), have been constructed to pro,ide 
replication of the fl TF treatments and to add addi­
tional treatments. indudi.'1g unvegetated. gravel 
cover to simulate conditions that current!:.- exist at 
some of the waste sites in t.he 200 .-\.reas \Waugh 
et a.L 1991). The STLF !ysimeters, .... ;th silt loam 
soil surfaces, ha,;e performed similarly to L!.:e larger 
1-ysimetcrs at FLIT; no drain~e has occu.-:ed from 
them. The gravel--<:o,,,·ercd ly:;imcters have had as 

much as 50% of the apolied , ... ater drai., t.hrou:i:h 
them (fable 1). These· data confirm that finc-s~il 
surfaces are effective barricr5 in pre,.·cnt:.--:g dr:un­
agc under Hanford climate conditions, ,..-h!le coarse 
soil surfaces arc not. Quantification of the rates ·of 
drainage continue to be made "'ith these l:·simetcr 
facilities. Studies of the effect of signii:=tly in­
creased precipitation (up to three times Llie annual 
average) have been iruriated and "-ill con:::.,ue over 
the next several years to document reci:argc un­
der conditions of elevated ?recipitatio:: . 

/ 
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(198-4-1 986). C!ie:. l!!:ra:Ss is shalJo ,..,·-roo ted {ob­
ser,ed rooting dep ths of less than 1 m under H:t.i· 

ford Site soil cond itions) and appare ntly unab le to 
utilize the ,..-inter ra ins that infiltrated the sanciy 
soil and accumulated below the root zone. The 
incre:..sed storage below the root zone resulted 
in drainage. In subsequent years. when deepe~• 
rooted plant.5 (e.g.. tumbleweed) im·aded the 
lysimeter. water in the lo"·er part of the lysimeter · -
was removed and drainage "·as reduced signifi­
cantly. As expected. drainage from lysimeters "ith 
no plants ,..-is aJ,..·ays greater than from the 
lysuneter ...,;th phnts. Drainage from bare sand var­
ied "ith time. ranging from 40 mmf:,·r to 111 
mm/yr. in response to annual fluctuations in 
precipitation {Table 1) . 

. .:\LE Lysimeters 

Figures 1 and 2 show the location and schematic 
of four monolith lysimeters that were installed in 
1986 at the .-\rid Lands Ecology (.-UE) Site at the 
north end of Rattlesnake :\fountain at an de,·ation 
of 300 m aboYe :\1:5L Tne monolith lysirneters a:e 
boxes approximately 1.5 m on a :Side, constructed 
to contain undisturbed. silt loam {mi.,ed. mesic. 
Xerollic Camborthids) soil {~e ,, cL 1991). The 
...,iJdfire of 1984 pro,ided the treatment effect for 
the ~-simeter study of water balance of differing 
plant communities . Roads in the area acted as a 
fire break and isolated an undisturbed area adja­
cent to an area consumed in the burn·. One pair 
of lysimeters contained bunchgrass (Agropyron 
Jpica.rum Pursh.) and ...,-ere located in the burned 
area "·rule the other pair contained bunchgras.s and 
sagebrush and ...,·ere located in the unburned area. 
Since installation. the lysimetcrs have been o..-po~d 
to ambient precipitation ...,-hich, because of loca­
tion near Rattlesnake Mountain, is about 230 mm 
(42% higher than on the 200 A.reas Plateau). In 
!pite of plant cover diiference and ele,·ated preci?i­
tation, none of the lysimeters at the ALE site have 
drained (Table 1). 

Field Lysimeter Test Facility 

Figures 1 and 2 show the location and schematic 
of the field L :·sirneter Test Facility (FL TF), "·hich 
...,.as constructed near the Hanford .Meteorological 
Station in 1987 to evaluate the use of engineered 
soil covers (barriers) to limit recharge at ,,.·aste sites 
(~ er aL 19896, Campbdl el aL . 1990). Fo:rr­
teen of the FL TT lysimeters are 2 m in diameter 

and 3 r:, dee? - TheS<: lysi."11 elers are iill ed .. ~:.., sedi­
ment la~· ers in the foUo .. ·in g :S e~:.i ence i:c :;i bot­
tom lo top: rock. gravel. sand . and a 1.5-::-:-thick 
layer of silt loam soil. The re:nai.."1.:ng four I~- ;~""7le ters 
are square boxes ( 1.5 m x 1.5 r:, x 1.6 d fill ed 
,,ith 1.5 m of silt loam soil overl~;ng a la~·er oi 
sand. The bo:-es rest on large (9 .6-~fg~:a?aciry) 

· electronic scales. The soil in the top of all L~~ FL TF 
lvsimeters "·as excaYated from an area about 10 
km weH of the FLTF • ...,-here the soil is ~b..s.sified 
as Warden silt loam (mixed. me.sic Xerollic Cam­
borthids) . .-\ typical particle-size disui.bution for this 
silt loam is 19 percent sand. 69 percent ;:lt and 
12 percent day. 

.\ series of ,,·ater balance e:-perimen:.s ha,·e 
been conducted to test various surface conditions. 
including changes i.'1 vegetation (bare soil ,·;. tr:ins­
planted shrubs and grasses) and cha:-,ges in 
precipitation. The precipitation treatments exposed 
lysimeters to ambient and enhanced preci?itation 
cond itions. The enhanced (320 mm/yr) treatment 
is t"-<ice the annual aYerage precipitation and is 
higher than any annual amount e,·er reco:ded at 
the Hanford Site. There has been no drai.-P:e from 
treatments " i th or ,,i thout plants under aml:iient 
or enhanced precipitation (Table 1 ). 

Small Tube Lysimeter F2cil ity 

.\djacent to the FL TF there are l 05 smaller 
(0.3-m-diameter by 1.6-m-deep) _ lysimeiers cur­
rently in use for ...,·ater balance studies {Figure 2). 
These 1:,-simeters. part of the 5rr.a!l Tube L:,-simeter 
Facility (Sil.fl, haYe been constructed to pro,;de 
replication of the FL IT treaunents and to add addi­
tional treatments, including unYegetated. gravel 
cover to simulate conditions that currer.tl:: exist at 
some of the " ·aste sites in the 200 A.reas \Waugh 
et al 1991 ). The SilF lysimeters • ...,;th 5i.It loam 
soil surfaces, have performed si.-n.ikrly to L~e larger 
lysimeters at FLIT; no drainage has occu..-:ed from 
them. The grasd-co,·ered lysimeters haYe had as 
much as 50% of the applied "·ater dr~;, through 
them (Table 1). These data confum that fine-soil 
surfaces an: effective barriers in pre,·ent::..,g dr:iin­
a.ge under Hanford climate conciirions • ...,-h.i!e coarse 
soil surfaces are not. Quantification of the rates ·of 
drainage continue to be made ,..;th these l:·simeter 
facilities. Srudies of the effect of signifc=tly in­
creased precipitation (up to three times Llie annual 
average) have been initiated and ,,.ilJ con::.,ue over 
the next ~everal years to document rec.I:arge un­
der conditions of elevated ?recipir.atio:1. 

/ 
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Travel-Time Calculat ions 

K.,o ,,·lec:ge of recharge r:i tes :i t th e Han fo rd 5it e 
i; necessary for c:i.!c '..l! :i:.ing cont:iminant t.-.;; ,·el 
cimes through the ,-.1dose zone. lsi.ng a simple one­
di :-:1ens ional model. th e ste.:i ciy-st.:ite water ,· d oc­
iry in the ,·ado;;e zone can be related to th e 
recharge rate as follo,,·s: 

V - ri 8 
Where v .. water ,·elocity (mm/yr)" 

r - recharge rate (mrnf:-r) 
e .. ¼·ater content (cm3/c:n3

) 

The ,·elocity can also be expressed as 

V = LIT 

(1) 

(2) 

,,·here L is the travel distance (mm) and T :s die 
travel time (yr) . Combining Eqs. (1) and (2) yields 
the expression for travel time 

T - L 8 .'r (3) 

for the Lricium mid~· of Bro,,-ne!! (1971) 1,·e C:!n 

estimate recharge kno,,ing Llie timing of the initial 
tri::ium pulse (1953). the maximum depth of L-:::ium 
penetration and the ,,,ater content of the sediments 
i.n "·hich the tritium pulse ,...as measured. Ba;;ed 
on the reported gra\imetric ,,·ater contents and as­
suming a t:-pical bulk density of 1. 7 g/cmJ ,...e es­
timate an a\·erage ,..·ater content for the sedi:r:ents 
,,_.as 0.04 7 cm3 fcm 1

• Then using Eq. (1) and the 
esti_mated depth of tritium penetration of 5 m in 
16 yrs (1954 to 1970), ,...e calculate a redmge 
rate of 14. 7 mm/yr. G:\·e:, that the L-irium ca., also 
move as a vapor, the calculated recharge rate 
rep resents a conscr-·ative estimate (i.e., the actual 
value for liquid flow may be Jo,..·er). 

Assuming a 60-m-thick vadosc zone abo,·e a 
"'·ater table, Eq. (1) can be used to calculate that. 
under the above conditions, ,..;th recharge. r. -
14.7 mm/yr and "·ater content., 0, = 0.047 
cm3 /cm 3

, a non-sorbing contaminant would reach 
the "·ater table in 192 yrs. Now suppose that be­
low the 5-m depth to 1--i-jch the triti= penetrated. 
the sediments were coarser, as LS often L'1e ca.5e 
at Hanford (Tallman et aL 1979). In coarser sedi­
ments the ,..·atcr content ,,could be lo,,.·cr; for c:x­

amplc, 0.025 cm3 /cm1
• Water contents this low 

ha1,e been found in coars<:, ...-ell drained sediments 
at Hanford (Bro..,.-nell 1971). Heller er cL (1985) 
indicate that for layered sediments, the o~·eral! 
travel time can be computed as a summati~n of 
travel times through the various layers of differi.'1g 
"·ater contents. Thus, ,..-hiJe the recharge rate is 
constant throughout the soil profile, the ,,_·ater 

2~6 ~e, Faye~, Rockhold, and Campbel! 

ve!oc i~· t:iro·~~:, ,·ariou s la:·ers "-ill n.:-:,· acco rc: i.,g 
to t.li e ir Yoiur7le tric "'·a ter contcnl. 5u:n:ning t;i e 
t.:a ,·~I times throu gh the f\,o layers. the tot.tl t:a,..d 
time i.s 110 :·e1.--s . This i.s 82 yea.rs less c::.,n fabo ·~t 
one-h:ili) the t::1,·el ti me Lhrough a profil e "-ith no 
coarse subla:·er. 

Our sir:q:i:iiic!d ( I-d imensional) ana.l:·sis does 
not account for btera.l spreading in layered sedi­
ments. as might occur follo"·ing a localized injec­
tion of water (e.g .• flow from a leaking tank and 
~ubsequent spreading of the contaminant plume 
aho,·e a caliche la:·er). 

The travel time analysis suggests that a long­
li,..ed, mobile contaminant ,,·ould reach the 1,·ater 
table faster in coarser than in finer sediments . In 
general. the coarser the soil. the shorter the tra,·el 
time through the Yadosc zone for the same recharge 
rate . In additio.i . there is mounting e,·idence th at 
unsaturated ilo"· in coarse sediments can be un­
stable. such that pulses of Kater might move in pre­
ferred channels or paths at rates far in excess of 
the average "'·ater Yelocity that ,,·ould occur in uni­
formly wetted soils (Hillel 1987. Gee and Hillel 
1988). The one-dimensional analysis used here 
docs not take preferential flow into account, so it 
would not precict potential carl:y arrival (faster £Jo,..·) 
that could occur if preferential flo"' occurs in Han­
ford sediments. 

Travel times through a 60-m-deep sed imen t 
profile ••ere computed as a function of recharge 
rate for three Hanford Site sediments (i"'·o sands 
and a silt loam) follo"ing procedures described b~­
Hellcr er aL (1985). Hydraulic proper-tie; "·ere de­
termined in die laboratory for the three sediments 
and were used to determine water contents for a 
given recharge ilux. Then Eq. (3) ,,_.as used to cal­
culate the corresponding travel times (Figure 5) . 

The computed travel times pro,ide guidance 
on recharge · control. for example, to exceed a 
10,000 yr li.:nit in travel time, the recharge rate 
in the sands must be below 0.5 mm!:•• for the 
same travel time in silt loam, the recharge rate mi;st 
be less than 1 mrn/)T. This a.nal:ysis holds for UIJi­
form soils that arc subjected to areally uni.form 
recharge rates under steady sute conditions . . .\ 
similar analysis has ~e~ reported for layered scdi­
:ncnts by USDOE ( . .\ppendix Q of the Final E:i­
\~nmcnta.l Impact Statement-Disposal of Hanford 
Defense High-Level, Transuranic and Tank · 
W astcs, Hanford Site Richland Washington; 
11SDOE 1987). 
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Recharge 

scussion 

.e lysimeter drainage cfata indicate that. :-eg~d­
·S of location, drainage (recharge} occur.ed in 
th sandy and graYel-<o,·ered soils (fable l) . The 
ta indicate that recharge Yalues ranged from 
)re than 100 mm/yr to less d1an 2 mr::/y r in 
:1 dy soils (or tho!c: covered -...ith grayel} a:1d .. ·as 
:imated to he zero (no me~urable drai?1age) in 
l loam soils. 

J lysimcter data collected to date suggest that 
::harge is significant ,..-hen coarse-textured !Oils 
·pica! of most of the Hanford Site) are ke;it free 
· vegetation. Recent modeling of water ilo"' and 
•ntaminant mig:rarion at a tank farm. -..·here bu­
~d single-shell tanks are located. h~ sh~~~- that . 
mual -f~aige-could- be: moreJJlan_. n o-r.i~J':-ii 
·0% of the long-term annual precipitation) be­
!USe the surfaces of coarse sands and gravels are 
:pt free of vegetation (Smoot e.t cl 1990). These 
odcling results are consiste.."lt -..;th l:·si:neter 
;u]ts presented here. Under suc:.h_higliiec~b 
,res: flot::around la!'.E !5 ~e.-a,ed, ~L:.S.:.::gJ;O:. 

1 
1 0 
Rate (mm/yr) 

. 2 
1 0 

3 
1 0 

l:iik contaminants Ieal:ing."fr~;rJ;~'t~6-.· to. be ·' 
~oved:. lo. t.h-Z.;:;;i:r':°ta.blc;-ai .- accderateci:'"rates.' 
;-.fodel si::iuhtions (Smoot t!! cL 1990) sho"' that 
ilo-..· to the .,.·ater table can occur in tens of years 
at ta.,k farms or other similar sites .,.-here surface:S 
are bare and graYd covered . 

The recharge rate in any one year in bare soils 
de?e?1ds on the seasonal distribution of precipita­
tion. -..id, maximum recharge eYents occurring af. 
ter t.½e .,.·enest "~ter periods (figure 4). Data in 
Table l show a variable amount of drainage oc­
cur.ed in bare sand at the Buried Waste Test Fa­
cility (BWTF) over a period of 4 )TS (1985 through 
1989) . .-\kliough there is some lag ben•,een prc-cipi, 
tation ·a..,d drainage in the 7 .6-m-deep l·ysimeters 
at die BWTF, the highest drainage rate (111 mm) 
is associated "-"1th the most annual preci;:iitation 
(231 om) and the lowest drainage rate (40 mm) 
-...it.½ the least precipitation (134 mm}. In soils ";th 
a deco (i.e., > 90 m) water table, as exists in the 
200 .~as Plateau at Ha.'lford, such drainage fluc­
tuations "·ould likely he damped considerably. The 
:-ec.½arge in deep sediments then -...·ould he an aver­
age of multiple years of fluctuating drainage. This 
suggests that lysimete: data should he taken o,·er 
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:i numb,=~ or :· e:i rs to ?rod uce reliable c:stir.iates 
of recharge . 

Vegetation 

Vegetation produces a dramatic effect on rechar2:e 
in coarse-textured soils .. --\t the BWTF site. a sand­
filled lysimeter. revegetated ,,ith cheal2:rass. 
produced significant drainage_(61_m_!!li!U luring _ 
1984 through 1986, .... -hile precipitation a,·eraged 
177 mm/~-r (Table 1). In,·asion of tumhle....-eed on 
this lysimeter in subsequent years reduced the 
drain.ue lo small amounts. ranrin2 from O to l 0 
mml,--r: The data sua:gcst that sh;no:·.rooted olanLS 
do n~t reduce rech;;ge to negligible amou~ts on 
coarse-textured wils at Hanford. The data al.so sug­
gest that deep-rooted plants. such as tumbJe.,..·eed. 
may not be entire!~- effective in eliminaring recharge 
in sandv soil.;_ since in 2 of 3 ns there ....-as mea­
surable-d rainage in the sand-filled lvsimeter .... -hen 
tu mhJe,,,·eed ,,,.as present. -

The intn..:s ion into ,,,·as te sites by plant roots is 
a major concern for "·aste management at the Han­
fo rd Site. RadioactiYe tumble.,..·eeds have been 
foun d gro'-ing on ,,,·aste bu.rial grounds (Dahro .... ·ski 
1973, :\!arshall l 987). For this reason plants haYe 
been re:noYed 6:-,· non-sclectiYe herbicidc.s and soil 
sterilznts frorn some waste sites (Dabro....-sk:i 1973) 
and relatiYely shalJo,,,·-roo ted grass species haYe 
been planted on other .... ·aste sites {Fuchs and Cox 
1983). While effectiYely limiting radionuclide up­
take, the remoYal of ,·egetation or the modification 
of plant species (i.e., changes to shallow-rooted spe­
cies) tends to enhance recharge. 

No drainage ,,,-as observed in the sandv soil in 
the 200-East closed-bottom lvsimeter for n~ 14 
yrs (figure 2. Table 1). Th

0

e lack of drafo~e is 
attributed to the type of vegetation {deep-ro-;,ted 
annuals and perennials) gro,,..ing on the lysirneter 
(from at least 197 8 through 1988). When plants 
were remo,·ed from the 200-East lvsimeter in 
1988. "·ater sto~e staved relativelv ~onstant un­
til the -inter of 198B-i989. In re~ponse to late 
.... inter _and early spring rain, ,,:ater storage in­
creased by nearlv 100 mm so that hv Julv ....-ater 
storage -·as over 

0

85 mm more than~ eari.'. 1988 
(Figure: 3). In contrast. measurements~ in ad­
jacent grass- and shru~o,·ercd soils sho, • .-c:d large 
.... ·ater storage losses in the summer of 1988 and 
even larger losses in 1989. By July of 1989, all 
of the: incident precipitation had been removed by 
evapotran~piration from the ,·egetatc:d soils (fig­
ure 4). We conclude that absence of vegetation on 

.2!.8 Gee. Fayer, Rockhold, and Campbell 

th e sand-filled lvs ime ter c:,, used increased stor22:= . 
Inc~eased s:ora.ge beio .. · the roo t zone e,·e nt i.;•-:;:. 
leads to rec huge . 

Fine-tex.ured Soil 

:ione of di e l:·simeters contarn mg silt loarn so:l 
produced an~· dr:,,inage (Table 1). The lack c-f I 
drainage was irrespecti\'e of location. water app u- I 

- cation· (precipitation and -irrigation). or -the pres------ ~---
ence or absence of ,·egetation. On bare lysimeters / 
at the nrr. - ·ater application rates ,,·c:re as much I 

as 320 mm/yr (t\,ice the long-term annual a,·e:- ; 
age:). Evc:n under these elevated precipitation con- ' 
ditions. bare. silt loam soi.I did not drain . /j 

Evaporation ,,,.as able to remove the en tire .... ·ater 
application over the three year test. ~:-ith plan~. " 
the lysimeters (at both .--\LE and FLTF locations) 
dried e\'en further and there ,,·as no drainage. T.,e 
lack of drainage suggesLS that a ,urface c""antain-
ing silt soil is idea.I fo r limiting water infiltration t::i-

der Hanford 5ite conditions . The ootimum soil 
depth needed to effecti\'ely control .... -~te r infih: 2-
tion is presently under study (Campbell e ! c!.. 
1991 )·. To date ,,,-e ha\'e measured no drainage i:i 
banier (fLTF) lysimc: lers containing either a 1-rn-
thick layer or a 1.5-m-thick iayer of silt loam soil . 

Summary 

Recharge is \'anable at the Hanford Site, ranrina 
· from over 100 mmf;-r in bare sands and gra~-e~ 
to near zero (non-measurable) a.."nounLS in silt-loa...1 
soils. The implications for waste management at 
the Hanford Ste are relatively straivhtfof"·a:cL 
-- - --·· ··· - ·- ---- . o . 
p~~~: ·condirio,;1_s -~!1l"e, __ coarse . soil. surfacesY 
found at ta.~ f~_and other ,,..·as tc.siies are con-, 
d_ucive to: rech~i~ -_ and ·accc.le~atcd c:"ontaquna.., t ~ 
.~o~ Ho;::;ver, .... -as te sites can he man~ed 
to greatly reduce recharge and thus signiiic.a..,tly 
in= the time it takes for contaminants to travel 
to the ,..·ater ta.hie. Vegetation on coarse soils =., 
reduce recharge. Deep-rooted plants, such as ~e­
brush or tumhle,,,eed are more efficient in utili.z­
i.ng soil ,..·ater than shalJo,..·-rooted plants. such a.s 
cheat.grass. Unfortunately, deep-rooted plants can 
access buried .,..-asie and assimilate radioacri,·e a:id 
chemical contaminants. For this reason olants are 
often remo,·ed (Yi.a herbicides and soil ~terila..,ts) 
from waste site surfaces. 

The best CO\'er material for limiting recharge 
at waste sites appears to he a fine-textured soil. 
such as the silt loam soil found near the 200 Aras 
Plateau. Ongoing research is testing how ,,,ell ~i..!t 
loam soil can perform i.n reducing recharge under 



, ~ange of "egetari ,·e and cli:naric conditions. T esl.3 

onducted 01·er th e past ;e"er..l i·ears are en­
our~g and sug_g!:st that both \'egewed and bare 
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