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'The goalofdisposing of low·level radioactive and hazardous waste in shallowl~ndfills is ' 

to reduce risk to buman health an~ the environment by isolating contaminat'lfs until they' , 

no longer pose un unacceptable hazard. In order to achieve this. tbC '[)epartment of Energy 

(DOE) Environmental Restoration (ER) ~gram is comparing Ihe performance of several­

different surface covers at Material Dispo.-;al Area \MDA) B in Los Alamos. Two conyen7 

tional landfill dcsign~. consisling only or layers of topsoil seeded with grasses, Were ' " 

compared,with on improved cover designed to minimize plant and animal intrusion and fO 

minimize wilter inf'iltrDlionimo Ihe underlying wastes. The conventional coverS varied in" ' 

depth and both conventional and improved designs had differentcombinacions of vegeta· 

lion (grass verses shrub) and gravel mulch (no mulch verse!!: mukll). These lre,alments ' " 

were applied to each of 12 plals and water balance parnmelt:11 were measured (rom March 

1987 through June 1995. This has been the longest-leon study of water balance ona 

remedillted site. 


Field resulls document several improvements for conVCnlionallandfil! surface coYers. ' 

Adding a gravel mulch Significantly inOnenced the plant cowr: field plots receiving no 

gtllvel mulch a"'~llged 21.2% shrub cover, while plots with gTavd had a '20% larger ' ' , 

pel!!ent cover of shrubs~ Howc\·er. thl,;' influence of gravel, t:Jlulch on I~ gra.'Ss cover was 


, even Jarger allan the influence on shrub cover: averaSe gnw cover on' UIC plo'L'i with no 
, gravel was J6.3%. compared with a 42% increase in grass cover due to gravel mulch. {,­
These cover relationships are important 10 reduce ruuo£f on the landfill t;o\~r~ as ,shown ,­

,by a regression model thot predicts thm as ground cover is increased from 30 10 ~.' . 
...-annual runoff is reduced from B,8 10 0.98 cm-a nme·fold increase. We alsO fourultbac 


decreasing the slope of the landfill cover from 6 to 2CJb'redu~d runoff, from the landfill 

cover by 2:I·fold:,:' ' 


To minimize the risk of ha.tard«'us waslc: from landfills '0 hURlan's. rUooff IUld seepBse 

need to be minimized and evapotranspiration maximized on lhe bmdfiU cover. This has to ,_ " 

be accomplished for dry and wet years a1 MDA B. seepage c9nsisled of J.9% and 6.2t;l.6f .. '" 

the precipitation in the average and once in ten yearevCnls. res~('dvely. whereas correa, " 

$parodinS values for runoft were 13% and 16%; these chil118«:S were accompanied by . 

cOlTesponding decreases In e\·apotranspiradon. which accounted for 86~ and ionb 78% of 

the precipitation occurring on the average and once in len yearc'!'ent. respectively. We 

found that doubling the percent shrub plus grass cover (2596 \'e~ 50%) On (he Jandfill ' 

cover increases lifetime evapotranspiration by 28%. Since our, ev~grecn shrubs coukl 

U'aJ)spire during Ihe seaSons when seepage usually OCturs. we found seDsonaJ differences 

in seepage: as shrub cover increased from O. t3 to 23%: seepage oc:cu~ngJn'he winter ' 

and spring decreased from 5.13 to 1.19 em. ' " ' , ' 
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'" 	 .. , I •. INTRODUCTION 


· The goal of riilipo~n1! of low·fl!... ~1 radioactive and haz.ard· 
.. 	 ous waste in ~hahow 11.lmJIiIIs is 10 reduce risk lO hUlllan 

bel/lIh und the environmcfll, hy isolating contaminants unli~ 
t~)' ntt lonper pose an unaccepluble hazard. Institutional 

.. control and maintenance of low-Ie\fcl radioactive waste 
teposilories nrc expt'Clet.llC1 ce:lsc HX) ycars uncr Ihe 
closure of a wasle site. after which time lhe repository's 
landfill cover needs 10 act passively 10 isolate Ihe mdionu· 
elides for an addilion:d3()() to SOO ye6ll\i (US NRC. 1982: 
US OOE•.1988). Disposal in shallow landfills can mini· . 
mize both cost'i and (he problems or cxcavatinp. minsport­
ing. and reburying larse quanlLlies of sligtnly contaminated 

, malerial. However, to be cost-effective and reduce risk 

associated with the movemem of concamiilants in lhe 


--, environment: landfills musl be designed 10 minimize loo~­
tenn maintenance and to maximiu: the inle~rily of Ihe 
landfill cover. 

.Vegctillion can play Ii critical roJe in precluding waler 
recci,"cd as precipiuuion front reaching buried wlistes 
(Ander.ron ei 31•• 1993). Planl.s c:on exnacl Willer from 'he 
emile soil profile, whereas the physical process of soil 
evaporation oniy removes wOller from reJurivety :;hallow 
soil depths. On un annulilbusis ill arid and semiarid 
climates, po,ential evapotranspiration \5 far grealer than 
Ihe amount of waler recei\ted as precipitation (Chang, 
·~91 J). Consequtnlly. if 11 landfill cover is deep enough (0 

store precipiuuion received white vcgetalio~. is dormant. 
·and if sufficiem vegetarian is prescnt 10 use all of Ihe 
· stored moislure each growing season. then no waler will 
drain inlo lhe underlying wastes. Conversely. if v.egeuuion .
issparse or absent~ hns insufficient rooling deplh;or is 
physiologically iruK:tive during seve:'dl seasons, the landfill 
t!over may become very we' and water wilf seep inlo the ' 
buried wastes. .. "i' 

'. Vegetation hai many other influences ot'lthe landfill 
topsoil (Dadkhah and Gifford. 1980). Vegetal ion plays a 

· major role in soil erosion as II componenl of the Cover 
· Man;.gemeril FaClor (Nyhan and Lane. 19H6) of tl,e 
· Universal Soill..oss ?qu8tion (USLE). 1be US EPA­
recom~endec1 uppwacm 10 reducins sciil erosion on 

. landfills is based on control using planl cover (US EPA. 
· 1989). as opposed to approaches balled on the ut.eof gnlvel 
ilnd olher:"inaterials 10 con,...,1 erosion (Lopc~ et at. 1988. 

.. 1989; Nyhan elal.• 1984: Nyhan and Lane, 1986). Planr 
~covcr innuences many other hydrological processes. 
including intcrception;infihrnlion. evapOration. 

.', 
~. -.'. 

': .. 

'. 
~mnsp~rJ.lion, ~nd soil wiu<lr SlOr.lgC. mid plan III m~ .11....0 ",,I 
involved in conlull!inant uptu~e. .1

-7..,
Twoprimary fuclors Ihal'can reduce the inlegrity of the . 4­
cover a.nd incre:lse the risks associated with the movem.ent S 
of contaminams are surface erosion or the cover and' 
infiltralion of wmer lhrou1!h the cup "nd inlo 'he waste 3 
Ouc:obs cl al., J980: Lux moore und Thurp. 1993: Suter ei 
at. 1993).. Erosion rales are related (0 amounlS of runoff 

.Ihat leave Ihl! surf'lce area 'and an;rcdueed when more 

.w:uerinfihf.ttes iQto ~he 50il profile. Propcnies of the . 
surface cover such ..., vegetation ,md or{!lmic mailer or 
rock mulches can increase tltt infiltration capacit)' of:t site 
(NyhanandLane. 1986). However. iricrcased infil1ration . " 
into the cover can pOlen~iany lend to more wuter reac:bing , 
Ihe waste, SOlhcreare Iradeoffs in cover desipn 10 opti•. 
mile both the amounts of runofr alld Ic:ach:ue lhat arc 
~encruted from ptccipilalion, 

. . ;. 
,'';;';' 

~ 

Vesctalion cimmodify soil moilifure profiles • .suggesling U 
hypothesis for the tradeoff belween nmofr and ,'iOil mois­
mre 8tor~ge: runoff and erosion r.ues can be reduced to . 
t1cceplably low lev~l!t by maintaining a high pen:cmase or 
ground cover from vegelUlion and gr.avel mulch. and .' 
seepage can be reduced by using vegelalien Illal is deep- . 
rooling and evergreen. Inaddilion. problem~ with rool . 
pcnclnuion into the waste can be mini~iziii using 
biobartiers_ This hypothesis has been lhe focus o( n lOng- . 1 

lenn s.lud.yalrvlnlerial DisposaJ Area B (MDA B) arl...os: . '1 
. Alamos NationalLaboralory belwce-n 1987 and I99S. A' -;1 

field study was designed u) te.'illhe interactive effect.\ of ~: 
soil ~urface mulche., made of grd"c) and type of veg.euu.ion l, 

.. - -	 . . . ~I 

cQver on components or water balance under I".aluiul.. . .:: 
precipitation. One of the IWO major vegetation typeS ICSlC'Ci' .~' 
WIlS an ovetsto..y of rubber ra1?hilbrnsh (Chf)'SIJlhabilllu " J' 
nausc(~); an evergreen sh.f~;'~ (~~'~Ikc. 1993) observea t.O l: 
be growing year-round at los"AlamC'l and having ma~i-. .t 
mumraOling depths of 4.5 m (Tierney arid FOx". !981).·· ~ 
Rabbitbrusb.js pot an e'lergreen plant such as a plant Itk~ n~ ~ 
ponderosa pine. but even if rabbilbruslrloseSits le~ves in .' .• ~ 
li1ecarly wii'n~r. this planl cun sim transpire because it, has ') 
green·s!ems. The 0100r vegctllion Iype established on Ihe •~ 
plo,s wa& a plant cover. of mixed grasses and rorbs.ob- . 
served lO be active.y llrowjng predominan!ly during the. 
sp,jnl~ and summer. Tesling rhi~ hypothesis requites <i • . 

long-letTn data set, nOI only bec8usc:regulations for ..... 
radioactive wc:as'es-rcquire 10nS-lenn contldnmenl. but '7 

because of (I ),high variubHJ,y in precipitation among 
seasons and across )'ears. and (2) changes in vegetation' 1 

through lime. 	 . ' '; 
. i 
Y 
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MDA B Willi Nclccled for this study ror scvcmt reasons. 
. This clisposal,urcnili localed on llmesa lOp similur to 
severoI' oehf.'r landfills IIml were closed ill Ihe 194Us ul Los 

. I 	 Aismos Nltlion~1 Lnhorutory (LANt), MDA B htlS been 
lhe object of n previOtis rield stlldy or biubarriers in ImuUill 
covers. (Nyhlln e~ 01.. 1986}. In addilion. current J'C!:!ul:l­
lions prev~ntlhe inslall:llion of different covers on Ihe 
silme wuste site. so lhis study represenls :I unique 0pp0I1U­
nity for II cOl1lrolle~t f;OO1P~1fi$oil of diffcrcl1l COV\!r lreat­
ments. ' 

'TIle'following sections of Ihis rcpon dcs~ribc Ihe hishlryc 	 ofwilstc disposnl upd previous field srudicr,;;l1 MbA O. 
dOcunlCnllhe nlclhodolo,gics used b)' memhers ('1' Ihe 
EnYironmelllul Science Group. pre:;cnllhe fiel,1 dmll 
collected for lhe Oepm1f1tCrn, of Energy (DOE) Environ-. 

. menial Resloraliun Program bclW{>Cn 1987 nnd 1995. lind 
demonslr.ue Ihe ulility of Ihis l1elddut&l fur impmviul! lhe 
applicalioo of landOll cover technology at Los Almnofi, . a 

A. IfIstory or Waste Use at MUA 8 
: :f . 

MDA B \VUS P10lnlbty the first common solid Wil~tc hllJlul 
ground used by Los Alamo!! NUlitllllll wdxlnllory (Rotters • 

. . 19771. Thilo; disposnl :lrea is localcd onu nan'ow caslwlIRI· 
trending mesa whose soulh side is approximlllely 30 III 

, from II canyon lrihurary 10 Los Ahlnlos Clmyon (sec 
. Figure I). More spec,ifieaUy, it locuted on the soulh side of 

DP road. upprtiximatclY.4N8 m ellSI ofthe inlc~cclion of 
DP Road and 1'rinit)' Drive (SE 1/4 sec. 15. T. 19 N•• 

:an " R;6E.. and SW l/4 s.!C. 14. T. 19~. R. 6E.). API,ro.l(immc 
. :acrcase is 6.03,lhe western two thirds of which is prt!5­

·~ i enlly covered by a luyer or asphalt. Elevation of Ihe lmm . 
· . I ranges fron) 71 SO r. allhe ea." end to 7230 nallhe we51 

.to end. The MDA B wl!~te disposal pits were (UI ill Unil 3:. 
-"",~fthe T·'Iicre&e Member of the 8andelier lufr ~Ind the 

! a 
· 1 

as 
I:
I 

e 

I 
!: 
I 

lIlickncss ofthc lutl benealh the <.li~-posal pit!! hi estimated 
to exc::e~t.l240 m (Nyh:m et .t1:, JUH6l. Depth 10 Ihe w:uer 
table is est;mllled 10 he 36..'i.K rn bcnclllh the surfuce 0( 'he 

, B~ on memos dated July 5. 1945 Ihrollgtt Junllliry 31. 

19S2.and on ucrial photol!mphs, Rogcl1i (1977) reponed 

thata series of pjt~ was used at MDA B(sec Fi~lin: 2). 


. Chemical Wllste!! were buried in Irenthes o.t) I If) 1.22 In 


.:dcep! 0.61 m wide '10 4 ft deep, and of vmyin.(l lamp.llls. " 

Trenches ofother sizes were also used (3.66 m (iI:cp. 
4057 . m wide, 91.44 m long). Tout! volume of the pil,.,aflcr 

d educti~8 three feet or cover nUll~rilll WU!i cstimulcd to be,
21.400 cubk m~e"'(Mcycr. 1971). 

." ," . 

The contamimuion llf materials in these pi!s cunsists of ull 
Iypcs or mtlio<lctivc nUllcrials used LIt Los Ahlmos bUl 

contain vcry lillie plulonium: 1c:ssliltln 100 gor PU!,1'1 ror 
the entire area (Meyer, 1951); Approxim:IlClyj)O%.or (he 

• 

i.fl 
Wilsie consisled ~fp..pcr, mgs. rubber Sloves. {!llIsswurc. 

and snmll awarutus phlccd in cnntbollrd hoxes :,"d Se.llcd 

with mm;ting tape by the w:tsh.~ originalor, AI lensr:one: ., 

trtlck conlilminatcd with fission producfs from Ihe Trinity 


IIClOt is .tlse huried ut MDA 0: 	 .. ! 

Unlike curr~m pmctkes of layering wnslC iii pits. lilt 

MDA B WilSIe tilled Ihe depthund widlhoflhe pits before 

Ihey were covered wilh backfill. As u result. shonl,. ·afler 

MDA B was closed in 1947 ~ub~idcnce {)ccurr~d. The ", '. 


Icover over lhe,l~it'!. thell was remeditued by u~ing lhe area . 

for disposal of nonconunninuled concrete. ,,00 soil from : " .... 

construction sites (Rosers. 1977). Around. 1966 or 1961• 

Ihe western'fwo-thinls or MDA B WIIS covered with .1 layer .. 

of usplmlt. . ' 


,:.;... 

A more detailed' history of mUlcria(disPosal is presenled in . 

Appendix Qcf-the Los Alamos NUlionall...tlbOrdtory 

Environmental Res\onuioo WQrk Plun'for Novembl!r 1991 

(LANL.1991). 


U. I'revious Studies al' MDA B 

Scvcml previous !iludic~ 'have occurred ul MOA B. These . 
provide vnluahle diua for 'analyzing Ihe. cuiTc~, st~y nn,l 

" 

for (~:~jpning wtl!;ir. covcr~. In 19lJ6. Ihc US Geologl~al. f.Survey inveMi~ated the distribution of !nibsurrace mOISiure 
'. and polenliat migra1ins contmnin.llnts in the soil and I.tlff 
. around 'he perimeter of Ihe sile (Purtymun Uild Kennedy, 

1966). They found thatlh.:, moisture coolent" of IlII IllyCf!i, . 

. wns below ~aturatiOl1,lhal there was no evidence of lalent' ", ;.. 
mignuion or contaminant!'. ond lhat u slight incrculiein lioil ' . 

. moislure uvJcp;h~ of 3.7 to 7.3 In along the upgra~jent 
. side of the site indicatcd.slisht.lmenll moisture movement. 

In 1970~ c~ncentrations of pl~lonium u!ld SlrQnliunl in,soil 

in nnd adjuccru 10 Tccimicill Are" (TA) 21 (where MPA B 

is·localcd) were eSlimlned '0 deiemi'ine depO!tilioo' of 

plutonium from ventil3tioil stttck emission (Kennedy and 

Punymun. 1l)7~,). Thc!re dOla qU3flliry Ii sigtlincimt~ inpUt 

source or Pu:rw in sUMace soi.ls.ind~pendenl frtlm dUll 

di.~p()!;CtI of in the trenches In MDA R: In the late .197Us•. 


. above-bacJq;.cound con<:cntrolions of Am:'.I. Pu~, Pu!·..... 
,CSIll. and U were. meusured in surfnce !I~i15 lind .vegct.uion 
:Il MDA B (Trocki, 19'17) and were l1uributc:cJ to deposiljo~1 
of slack emjlisjoii~ from li~,urce near MDA B and f~otn, 

http:demonslr.ue
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subsidence and erosion. rodellt burrowinR-. '111(.\"plllnl 
upla~e tuking phlCC within MDA B. 

In 198 I. ve~elalive cover nnd roOI distributions were 
estim:tlcd at MDA B (Ticmey and Fol\,x. 19K2). Numerous 
11Itdve species had recolonize" the WilSie sileo including 
imm,)' 'pondcroN;I pilles Wi,IllS IXJIlcicI'IJU/). Ihe 1:lrgcr or 
which were 16-27 YClIrs old. Scvcml phllll species tlm1 aTC 

associaled with disturbed mocl.lS were also prcv,dent. The 
dislurbancc,wtls relmcd lu soil slull1pillg IIl1d bllrrowin~ by 
gopherfO. Allhis lime. mdionudidc .corlccl1IrUliol1s in 

, pJants, soil. und rodents were !llso estimated ~~Venlcl ct .d•• 
19K7). The mdionucliCIc concentrulious in phmts were 
elevDted above world·wide fulloul cOIl('cmr.ltions. consis~ 
lcnl with obs~rvutions Ihat plant rools lUl(l penelrated the 
cover and had <lCCE!!;!'cd lhe wuKles. 

In 1982, rhe cover of the ve~C1l.l1ed portion MD-A B {Ihe 
castcm Ihird of the entire: MDA B sile) was modirtcu us 

, pan of a remedial action (Nyhan ~, nl.. 1986). The stud)' 
lestcd a conventional wasle cover (lhe COnlr'ol) against :an 
improved cover Ihut indtided u blobl.lrrier designed to 
prevempenclrulion into the W~ISle by plant roOIS nnd 
burrowing antmals :lnd to serve as a barrier 10 moisture 
now <Figures '2lt und 2b). The profile of lhe control plot, 
consiKlcd or nbout 7S em orcrushed luff covered Wilh IS 
em of lopsoil. The improved dcsisn consisted of 75 _em or 
JO· to 30·cm diometcrcobble covered'with ~5 cm of2-cm 

, of sr:."'!!:!: The surface of lhe entire area w:tS seeded wilh u 
. mixture of native grlt~se!i und covered with a i\lmw mulch ­
-to minimize ero~ionduring seedling establishment (Dames 
and Warren, t988; Nyhlln Cl al.. 1986; Nyhan. 1 %'9). 

The effeclivenes,'\ of the covers thlll wcn.~ insuilled- in 19K:! 
was studied by measuring soil moistllronnd plAnt root -: 
penetration throuph tb(o covers, The resulls of u three ye,ir 
siudy indic3lcd Ihlll (I) alllhree cup designs prevenlcd 

to, ' 	 pluit( root imrusion 10 thC .simuluu:id wtlstewliJerl}'ing the 
caps: (2) most of lhe increase in soil wut~r Slomge within 

!, 
.;: the covers, and aU oflhe secpn,se lhrough the coveB WUS 
"', '- Dssoeiined with snowmelt: (3) abe b~obarricr functiof'ICd ,. 
1 

" -	
'effeelively ns u cupillary burrier and r~duccd lhe incidence 

I 	 of percolalion: nnd (4) cvnpotmnlipinllion cffcr.tivcly 
prevented percolation inlo b:sckfin during tht Slimmer, 
months regardless of cup design (Nyban et at.. 19K6: 
Nyhan. 1989), 

.•. ~ ....VI 
l 

• ".. J 

Sincc Ihe vcgcl:Ilivc c.,\'cr esulbli~hell in 19M2 ~sullcd ~n{! 
hctcr('~eneous mb.allre ur R-ms~~ a~d clover Wllh s~veral.1-
nrl-lIS of b~lrc soil acrosslhe westenl P?rliollof MDA' D,- 41 
the entire shy was disked in 1984 al tbest~l~'or,un EPA- 51 
sponsored projeci (Bnmes and Rodgers.'19~g)~ Twelv.:- , 

','. ' ,.
smdy plo1swere established on the site tlllhc locUllon:; 0'1;' 

, the plUlS in the current slUdy (Figun:2<1). nle site h ..,d pla·1­
wilh IIm~e diffcrenl !>oil profiles (Figur~ 21}) and four, 
differ':nI surri.ee'lre:umcnts, Two Ircallnenls consisted llf ' 

r\lhhilbrmih (l-!Jal, sizc) plumed tU different dCIlSilics, -' 
Besides the bare soiflrclItmcnt. the fourth lreulIllcnl ' 
consisted of .~ vegclulcd cover of snnd dropseed . . . 
{SI'OrfJ/h,'".~ c:rYJllllllcll'lts}, which were planted uj; 2.S-cm 
by K'cm plugs, This .. tW(I-ycur study dcmollSlratcd severnl 
dirrcl'cnc~s in soil wOller withdrawnl on ahe plols "'Ii U ' , 

funclion of vegetative cover and COnlltlred predictioM of 
St,iI moh'ilurc on the silc uSing-lhe CREAMS ~d H,ELP , 
models (Durnes ct 01.. 19t{6: Bumes tlnd Rodgers~ :19K1. 
It)~~; B~lmcs :mdWmrc~). iYNK; Lopez el·al.~ 19&tt. 1~~9 , , 

C. 'Current Study 

11n~ cxperimcnml,dcsi~nof Ihe l(lI1g~lerm waler balunce 
study fII MDA B is documcllled ,in delail in [he! work pmn ­
fOl;TA·21 (tANL, IlJYlj.'BrieO;.. lhc experimental dcsig _ 
consislcd of upplyinl!,new surfuce treurmeDlS 10 lh~ l2 
study plms(3,05 m by 10.7 m) u~ed forth!! EPA·funde<' 
slUdy.,Four surfucc frett'menls _(~'1U~S witb ~r..vel oCovc,. , 
gnlss with 110 grJvel cover, shrub with gmvel cover. and ," 
sbrub with no ttrdvel cover) were 'used on plc.lIs at each of I 
three locations on the she (J-lgute 2). Soil moismre. nlnol ~ 
preciphnti(m. and surfncc condition.. have b«n'mOni(Ofe( : 
since 1981.:md sediment troln1'ipon wi)S' monil~";d bc:tw~ __ " 
1987 Ilnd 1989. The objective of this lUudy \\'a.'1 '0 deler": ; 

, , . , ~ 

mine Ihc inlcracti:'c effects of vegetation cover and lise O'~ 
, gruvcl mulches on runoff. erosion. :md soil moislUre \ . 	 ,,' 

_storage. 	 ' ..~ 
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, A. Plo' Construction 

The.'~oil nnd' vcpctmion covers from the I'JR2 l\lutly were 

modif1ed at shallow depths au cr~alC llnee !loi! profiles , 

.(Fi~ure 2). The east and west portion!' of the site surface 

'were repluced wilh a !;lanc:hlrd trench Cflver consisling of 

141em or crushed luff ovcrluin b)' 75 CIll of tupsoil. The 

topsoil profile for,lhe ensl portion wus sundy cI:ty tll:lIl1 

(0-30 em). sandy 103m (30-45 em). and .. nlixture of one 


" pan sandy clay luanl to one pan sundy loam (30-45 em): 
the weslprofile W'dS sandy cluy IOlnn ({)- j5 em} lOul Ii 
mlx.lure ofone pnn sandy clay lomn tt'! two P<lrts s:lI1dy 
.loam (IS-'S em). Both Ihe eta!!l lind the Wt:SI prontcs were 
underlain by 147 em of trushcd lUff from the old wilSie 

, cover .. The centn,1 pmlile ,included" bioharricr. dcsi!!ncd 
: 10 prevent penetrJtion ~nlO (he wmilc by plant rools llnd 
~, ,burrowing animals to serve a.~~, harrier to moisture slow. 
, ,nits center profil~ con~isted'of sundy clny looUI1 ' 
" (~lS em). sandy loam (15-60 em). 2S·CTU diameter sr.tve,1 
, (60-75 em), and )0·10 3~)-cm diameter cobble " 
, (75:=-150 em), underlain by 72 em of cmsiitd tufffroln the , ' 
: old waste covcr. 

FOlJrcover tre:J.lment plols were in-lI(ullecJ on fIlCh of the 
three soil profiles (Figure 2), These were l'hnlh/gr.rvcl 
(shrub cover with gr.lvel mulch). shrub/bure (s.hrub cover 
without grave) mulrh), 8rass/~ru"el (gms.s cover with 
gm\lf:' mulch), and ernss/bare (gra$s cover without grllvcl 
~u1ch). Each plol (3 m" II m) wiJI;'llrientcd with Ihe lone 
l'tis pamUcd (0 the south-facing slope of IIle sil-=. Down~iil 
slopes (along the'length of the plot) r.mged from 1.9 to 
,6.9% (Figure 2), with the slopes ueroS!) Ibe width of the 
plots being less than 0.7% (L.opez el at t988). 

B. HydrGlogic Mcao;uremenls , 

~U8hoUllhc cntire study. prccipiul1ion wu:; mensured ' 
usmg a Univer.ial Weighing R:lin Gause. The Joclltit)n and' 
data colleclcd daily from Ihis gauge is prescnted in Ap~n­
dices A and 8, relipectivelY.ln 1987,1\n Omnidulil meleo' 
roIo81eal station WAS insudlecJ so thul W~ could ul~o 
~re ~Iar ins..llllion. air temperature. and wind speed 
~reC:hon: nd~ data~ba.4Ie ili current'y maintained in Ihe , 
, '; _, runem~"Sclence GroUp dalu arehives. , 

~g volu?,eu'k water conlenl W:IS lx.orfornted u!oiing 
,,"~ ' , Pbell Pacific Model 503 lltunOR moi~lUrc probe ,

(CPNeo" ' Ntunbe TpOralion. Pach~cot Culirornin ')4553: Serial 
: ',; r 45 19). All of (he aluminum access lubes w~rc 5.1,-:. .. 

'. ~,~­

9 

, ' ~ .. ; 
em diml1cler. :111 'spt..-cilied in the calibl1uion ...f each of ih~ 
suUs in Ihe stlld), arc" (Nyhail ct .11.. NI.J4,.Thrcc (ICC~SS , i 
lUbes were inSl~llIcd ~llorig the Ion@. central axi~'of elicit pi(1\ ·3 

'~ 
In:1 mu~imum de,MIl of lOU Clllon Ihe cas.i und WCS',; ~ 
fll'ofiles d!W w60 em on the central rrofile to'men.'itII'C soil _to 

moi~lurc with :I,nculron l)robe(lhl!sc lUbe,; im: numbered J ' ,~ 

9th.'oul!b 3(". Soli inoislufC was niso memiurcd in lubes'lhal 
w.:rc !11m in pl:,II':c' from the: 19K2 stucJ)' (tl~se-:'u.thes were 

.1 '.nllmbered in tbe 600s). for wliidl the maxi,'num deplhw:ls 
INO em.I,n gcner.J1. Sl,il moisl'lfe was II1c:uiun;d ut depths ' 
of 20. 4U. 60, gO. nnd HX) (:OJ for plO!" on,lhectiSl (Plots ' 
1-4) and west (Piois 9-12) profik.s~ and ~n dcplh~ Of 20, 
4U, and 6U em for plGls \In rhe ,CCUlf:.1 prolile (11lots 5-&). ' 
The luct\iion l)fthe :,ICCCSS lubes is snC:lwn Oli it map pre­
sented in'Appendix At and Ihe emire Sllil moisture dala 
base is prellenl~'tHn Appendix'I).' , ' :' 

, ,The plols were bordered wilh mewl !ilrips 10 prevent 

ovcrlllnd now or runofr from entering the plOt. The bonlers . 

were made ()f 25 em wide met,,1 slrips ir)!luilled so Ih-at.~' ' 

16 em was inserted inlhe soil and 9 em c);lc:mJed above' ; 

the,5\lil surface. On lhe downslope cud of each plot~ u' " , 

40 em-wide. 14 tau~e mewl end plalc with ~ S-cm lip was' 

insened iOlo the ,soil so [hat th~' Up w.,~ nu'lihwhh Ihe soil 

surfllcc. Total runoff rrom'each oflhe 12 5(00), plo(s WlL'i 

collected by u guner sY~lem, til Jhe lower ~nd o'-the piol ' 

and cJjvened through a buried-drainpipe imo collection ',", 

tanks. The daily runorr dilt.a is summitrlzcd ill App.·ndi~ E. 

Runoff volume (I) wa" iniliany estinuued by mea!\uring , 

wu~er dC!lih in (he col1ccliou tank!', Calibration curves ' .. 

were used 10 eSlimale WOller volume in Ihe coUection IlInkr- :f 

us u funelionor dcplh; In May 1993. an ~utomlllcd system "
i 
Will. installed 10 measure nmoff volumcll from the plots., ' 

',.using u cnmpUlcrizcdsystcnl of pres!lure transducers "0 ' 

measure water !eve! in Ihe runoffcoUcclion 11mb i(.'Cined 
on the soulh side of the pilotsludy area. , 

~, 
Elich llr these n~noO'lunks is now equjppcd wi,lh u sub­ "~.~ 

men<ihlc- pressure'dc'teclor to continuoul'ly me~...~re the' 
water pressure Ilndthus the wuter depth OCCUlTing during :. 

,snowmdl iind'sumrt,Ji runoff c\'cnts.A'liubmersible sump 
pump in tile OOuotn or the ulOk pumps ....'Utcr from this lank 
CO ;, 9Xondhlrge tllnk for backup und uverflow mC".isure~ 
menl. Pressure monitoring. datu logging. and pum~"colil(01 
arc pcrfom'led by a per~l1al computer in a wcatherproof ' 
,enclusure mOdmecl on the sourh fel'H:c uf MOA 0: ' 

" 

.... . ", 
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Druck Incorportttcd depl,h Ir:msduccrli (nll:J(lci ~(1, were 
pluced horilontuUy on the honon! of the lanks. This scnsur , 
js u .emperarurC-compent.Ulcd hll):lnccd hridge lhut is 
e~ciled by 9 \' IX:' and h:L~ u nominal OUlpUI of lero \lolts, 
The device output is r:tliomelric: Ibe OUlplll is proponionnl 
10 lhe c1(citulion. In order 10 IK!cur31cly mcw>tlre Ihe 
ex(."ilulion ovcr u SU fl c:.hrc. the cxcililrion WIlS I,rovidcd 
by Me pair of wires unci Willi measured using ~I second IUtir 
or win:!i COlmect,,-d dircclly 10 the device. 111il\ urrant:c­
ment elimil\.'llcS errors due to C1!cill~lion voltage los~ in Ihe 
SO fl cable. Volume elm" was log[!l:d 1(1 ilisk stum~e htlurly 
as well m. for IIny time duu II ~isnificanl cvelll oC'curred. 
When lhe wuter leyel ncured the lOp of Ihe tlUlk. 'the PU"'I) 
\";lS turned 011 for UPI)TOximllu:ly 2n ~L'Conds 10 relum the 
waler level 10 IlImr lhe bottom or.the lank. ,Water \'olu'mc 
calibrulion wm. IIchicvcd by log@inS pressure sensor ou'put 
ftl rive levels of n1anlmlly mcus.... red wmcr volume. , 

The power sources for the instn,mcms. compmer. :lI1d 
,'umps were twelve volt halteries, which were: rechaft!cd 
and maintained by f.I C'onvcnlionl.t,J Clut~cr .and small 
transfom1crs. In cm.e of AC ,lower interruption. the 
electronic:; and pumps wHi opcr~lte for more Illan one hour 
00 II fuJi ch:1fgc. l1\c WOller heutcr,'1 lor freele prol~~ction 
\)pcnllcd Ul 28 v AC. 

Campbell SciemU-.c lcmpcrnture probes (model I 07B) 
were placed nloflgside Ihe pre~"iure ::~nsnrs, a~ well u!> in 
lhe personal compulcr,lhe hallery charger enc!ol;urc. lind 
eXlemnllo lhe enclosure for nlel\.\Urcmenl or ambient 
tcmperuture. These devices incorporated u thermistor and 

, resistor in seri~K Wilh a ) K ohm sensing re.~i.·uor. Exdtil· 
uon of minus nine VOllli was applied 10 the de\'ice. The 
vollase drop ucroS!o the 1 K ohm sensin~ l'et;iSlor indicmcd 
the cum:nllhrough the device. IU'Id therefore the resistlmcc 
orabe thennistor. Since the output W1IlI rlliiornclric, it WUN 

necessary 10 mea!i~re the excitlllion vollage ;\ccurmely. 

A Smith..Qwes wmertight uUIOInulil! water wunller <model 
.. 4S()-SUA2) was placed in the bottom of eilch runoff tank to 

keep the runoff from freezing in the winter. 'The wnler 
.. 
I wanner contuined on IUllomlilic imcmalthcmlosuu. but 
j power applied 10 il WIL\ cootrolled by the computer. It had 

a power rating of 450 ~att5 ilt 120 v AC. which corre­
spOnds lO 24.5 Willis 4I12K y AC. A Icmpcr.llurescnsor in 
the l'.:';,IOtn of the tank WIIS monitored by ahe computer. 
whkh aCliYllted the water wumlcr Whclllhc tcmpentlurc 
reached two degrees Celsius. TIle only !ip:M."C heated wus 
the waler in the 3CJ-cm dhuneler lunks. 

"'~ 

Lil:!htn.n~-indllt.'t·d Im.nsicliis on lhe inci}ming flOwer linc ~} 
were snubbed aud blocked by the \',lfi"tors and ;a fiJlt:r. ,:~; 
Punher suppression or power line \I,"hn~e trl.lnsient.:~ WILl;' t.~ 
uccnmpJished with :llfditi\')m,1 yuriJ\lors. The purpose of thr..! 
diod1! IlClworb nnd adaplers wus to prolect the elcctronict.:':'l 
from IiJlhtning induc..'cd uunsienls. t

1. 
( , 

A few nmotT sutl1plcs wl:re collected und processed 10 , i 

dctcnllinc 10Iai scelimcnl yield from each plot (t~ el 
;11.. 19KK: LANL. 1991; see Appendix Fl. Sediment yield,; 
'frOlnc,..,h 1,lut tbre:lch rUlloffe,;enl were meusurcd rrom 
AI)rjl 19'17 throu,gh ~brlJl.1)' 19K9. Personnellimihltions 
Ilreclud\!d continuou!'. measufcaienl of :~oillosli on aU pl()t~ 
fmm Mil)' Ihrou,h October IlJKlJ soil ~ro!;ion W:L'i mea· . 
surcd un ani)' d-.e west soil prome (Plots 9~ 12, which 
'includes (me rial of ~K:h cover treatment IYpe). Snmvmell 
moorr from ull plots Wtl!i metlsured in January ood Fehru· 
ary of 19'J I. Subsequent erosion mC<.l:luremcnls were nOI 
oht4liru:d. The plots were in!itrumcmed 10 colleci sedimenl 
in bliSS during the full of 1993t after the automated runorf 
Coll~lion l'y.stcni had been in"lollcd. ·"'11 no mnof( 0(;. 

curred durintt ahe 199310 1994 winter •• IIKI hence 00 . 
sediment was collecled. ' 

TIre w:uer billUflCC ~quation ~iven below wus solved for 
ClI.Ch lime perind in the study by usin!llhe precipiunion ant 
runoff datu described preyiOusly. 

I 
.1 

I 
I 

mquation J) I 
where: 

AS = chunsc in soil waler storage . 

P:: precipitation I 

QI: runoff . 

L :: JoIC~page or percolation I 
lIT :: evupotmnspinttion I 

~ IEvapotranspiralion WIl.C; dClennined by difference after 
cSlimutin~ the ch:logc in soil water inventory and ~page. 'I 
Soil Willer inventory wall calculated for each ';101 by , :1' 

calculali,ng lhe average volumClric wuler coneeni for the 
2{)·, 4().. nnd 6n-em depth.s hhn~ 1000lions perdepCh), 
dividing Ihis number by 100, und multiplyin~ this R.-sul, by 
60 em (the thicknes~ or the landfill cover). 

~I 
I 



L 

line 	 When Ihe origin:dlandflll cover reslOf'llion occurred :Il 
r. 	 MDA B. Wi: were not allowl"tllu jnslOU It ~Cpltgc collec­

lion system over ponions of Ihe old WU.'ile cover 
(Figure 2), even (hough this would have been the besl 
tt!chnique for mea!.uring. .he seepag.c leml of the wutcr 
ba~nce equation. Thus. the waler b;..I.U1CC calculation!'> ror 
the saudy plots were pctfonncd on Ihe 6()·cm-thlck landfill 
cover hl)'et'. with SCClla,{!e cslim:ncd by incre:L":es in soU 

el 	 waler invenlory al Ihe NO- and I()()..cm depths ror Ihe 1:"'1' 
. iekfs and west plOlS, and by increm'CN in soil waler .nvcntol)· 'It 
rom lhe 160· and 18(I-cn1 .:iep1h!\ (benealh the bioh:trricr) for 
ons the cenlral plots.. 
plocs: 

,. Detailed graphs of the water bahmce calculalions arc 


preserucd for euch ~ampling dlthl in Appendix D. 

'melt 


bro· C. Vegetation Mea~ rements 

not 

nem 

Tn:almenls for each soil profile included I\YO vCl!ctativc norr 
('overs: IwO plots with II shrub O\'en,1ory of mbber rabbit­
brush (Chry:mllla';I1",.f nUlIs('().'iu.\') und u sparse undcl"l'lory 
of mixed gras,o;es and furbs, ,and two plOlS with a mi~cd 
gnlSs Imd forb cover. One plOl from each puir wilh the 
same phme cover was rnnoomly assigned II snIVel mulchor 
lrcatmenL The gr.tvel had a di:ulleter of les!4 than loS em·n :md 
lU1d W3.1i applied IU 13 k8lm;'. Vcsetatif.!n WIIS periooically 

. mowed to the nonh of the plots 10 maintain ilCce!l.1i alons tI 
dirt road and on the south side of the plots for mllin1cnance 
around 1M collection gUliers, 

. : Plana canopy cover and ground cu\'er (plant crowns.liller. 
. and grnvel, were estimated using a pOint frume. OetnUtd 

procedures for poinl fnunc meusurement!i ore provided in 
Appendix Qof lhe November 19') I Environmental RC!t1D­
nuiun Workplmn ror Los Alamos National Luborntory 
(LANL. 1991). Estinmles were obtained once in 1981 
(Occober),lhrec rime.~ in 1988 (5124-6/10, 7/19-7/22. and 
·8123-9.4l2·). once in 1989 (KI28-8131). once in 1990 
<1/11-7/19). and once in 1994 (1011). These dam lite 

~Ied in Appendi~ O. Lear I1fe4I n:Jnl;onship!i rq'Kmed 
iii Bame,; and P..odgm. ()988) hl1~e bceil uSed previously 
10 dele1mine lear~a indices (rom lhe ,",over data from 
MDA B. Spherical volume of the cover and canopy o( 
eac:b shrub "'il.\ esdmat((l from shrub dimcnlijon!~:·The 
~t0(shrub ('O\lt:r has been estimated pn!,·jotudy 
usJhC relation."hips belwecn shrub dimcmsion'i. and bioniass 
(lbmes and Rodgers, 19KM). 

.HI. IU~StJLTS ANn IlISCLJSSION ,. 
'i.. 

ThL! hydmlll~ie cycle at MDA B WI.L"i chardCl.:ri:t:cd quanti­ , . 
tUlively by solvin~ lhe w:Iler balance equation on 3·la1ycl 

.i;
biwcekl~' lime sdll"tlulc. In this way we were able to keep 
all inventory (If Ihe wuler a\kled 10MDA B m; ruin lind 

jSIl()W, ttltd apponion these .kldilions In changes in soiJ 
w:tler in'lcntol)' (culculatc.:d dire~ll)' rrom the ~olurne'tic J 
waler conlenl data ,.:ol1~cled aJ e.lCh sampling depth). 
cvapomUlspir.llioll, nmufr, und !.i:-epD~e. Waler b..lance 
dat"l 'S pn:~crued in it J:!.n~up of 120 fiBures in Appendix D 
for evclY set of mC.ISIII'ementS conceled rrom, M"n:h 19K7 
thruu{!h JUllC 1995. 

The ovcndl s~gnificllnce uf each year's wmcr bitlance dUI4I 

can pcrha~ best be understood by first undc{5landing the 
Spillilll antllcmpor.tl occurrem.."C of precipitation around Ihe 
Lilbomtory (Dowen. 1990). Proceeding from (he Jemez 
MOUJlluln~ on ,he weslcrn rorder of Los AIOlrnm. County to 
Ihe Rio Grande 10 Ihe caSI. Bowen shows thai t11C"dJ1 annual 
precipitluioll decreases frum 45.3 em at TA·59 10 only 
33.7 em at White Rock. Tile overall pattern of annual 
mean precipiunion across the counay <JwliCnted in r:isun~ 
3.~.of Bowen, lWO) 1C"..ld.. U~ 10 believe Ihut the prcdl,iw­
'lion at MOA B "-lIln be eSlitnnled by ;m avcmpe uf these 
two repurtin@. siulions, euch of which has :l much 100$1.., 
dam ba'iC thml the precipitation mila extse we have col· 
Jccted in our field study at MDA B. Howc\'er. since two . 
differem proly.tbility disnibulions or annual precipitation 
are involved. we decided to compUTed 001' MDA B dlna . 
with lhe l.os Alamos precipitution data. Using the proh­
ubililY dislributlon:;, of Los Alamos unAmli rm::Clpiultion 
(Bowen, 1990), we u..'ied a regres!;ion madello predicllhe 
probabilhy CY) o~""uwing an annual precipihllion event 
(X): 

Y =-3.6133 + (I.UiS l )(In X) . 

(Equillion 2) 

This nh1llcl suc:cc,;~fully pred;cled probabilifY (rom em of 
annuoll precipilalion with a C~mcienl of de.cmlinmion of 
1).967 ilnd a standard error of 7.4J. 

II 
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The information presented in Tnblc 11m.; been oblujnccl 

""'~ rrom Bowen's repon. which sumiHilrizes prc.:cirtilll1ion 

i .. probabililics for Los Alamos erA-59) and from predicliolls 
I of prccipillilion ptobabililics frml1 Eqvalion 2 for' our smdy 

I 
site Qt MDA B. 'Ole dIU" presented il11hc·lirst column uf 

. Table I !'eprcsenllhe J)4:rcentupe of lime Ihal prec;ipitalion 
is tess dum. or cqullllo, Ihe ~pecilied umount or precipim­
t&OO for u givc:n YC:lf. TIle frc'lucl1CY of (he mc.m animal 
prccipiraliol1 event occurring 'within Ion ycurs is presented 
in Ihe second column (lin event occurring SU% of the time 

.	i~ Ii~tl!d II!! occulTin~ once every IWO ycur!i. or ;\ ,\\;ooyeur . 
event. corresponding 10 iJ pn~cipi(Ulion value (.1f 3').1 em). 

i 
'fAISLE I. 


ANNUAL: PRECIJIITATION J'ROIlABILITIES .·OR 

LOS ALAMOS ANI> ~fDA n STUO\' SITE. 


Fronl Ihis :umlysis of the 1)(ccipilUlinfl d:lltt. ""C {"an riow 
scc the uverall si~lIiliC:mcc or ttlC precipilat ion datu ..: ; 
collected in this field smdy. ,,;hich i~ liSied in the founb 
column orTllbicJ by c4Ilendar yeur (Ii!!a coiumn).Of.lb.t 
!,C\;~il (ull yellr" of d;tln in Uli!> 1'ludy. wC.oPliCrvtd two dry 
years which were aboul once in 1.2 yell!' eVCtllli (1992 and 
11)93). TIlcrc were threeycur!i OI.)R9. 19f)O; and 19')4) in 
'",'hich ullntlul precipilalion runycd rrom 41.11 lO 41.9 elll, 
rc,;ulting'in "hom 1.6-year events. The umounl ofprccil)i. 
union received in lilYI is'so cl,?se 10 Bowen'); prcdiclcd . 
2.lKI-ycnr event thm we arc referring to,illts such in Ihe· . 

. remainder of this repon. We ab~lCr\led ~t 3.62·Yl!lIr cvem in 
I')8.~ when Ihl! site reech'cd 56.S en' of JlredpilUtj~. 

II. \Vuter B3~n('e Estimales 

The Wilier b.illance c:stinuuC-.<I .(:Or each of Ihe J2 field plots 

"1 
~ 
~ 
~.l 
~f 
-'I 
t 

~; 
" 

lYlnual !)recipil~.~;n I.£nll.i . 	 ... , 

Percen1Ul!C M.oq\A."f1C)' LAlli ~mA.n Y~uror 
\If evenl AhtrllO:i sludy study 

s'tc. 

S "ou" t.OS·year 28.8 

S 10.Ou 1.ll·yeur 33.4 

~ ·17.2.... 1.21.y~r 33.8 1<)<)2 

$ 19.4 b 1.24·y~:tr 34.S II)')) 

S 25.0:1 1.3,\,.ycmr 39.0 

'.'bS 37.9 1.61-year 41.n 1994 

b
S ~9.2 ·1.6~·year 41.5 . 1990

" 

S 40.3 b 1.67.year 41.1) 1')/:i9 

S 49.1 b 1.97-year 45.5 .1<}91 

S 50.01i 2.0()·ycar 4.5.3 .. 
sn.4 b . l.62.year 56.5 1911g 

S !KI.O" H)-year 64.5 

S 95.03. 9S-vear N.~ 

'&lim:lles rrom BoweD (I9'JOi• 
. r.1'mb;!bili'y viltUC!l t'lIlirNill:1J Imm rcpm;.~I,tIl acal)"si.. Inllt!::l. 

,,'. 

'.. 

. will be presented in lhe neXl three subseCtions l'Or·u once i.·~. 
Iwo-ycar event ( 1(89), "or a once in J~.n·ycarevent (. 988},t,' 
lmd fonhc cmirclirc oflne field experiment.., ' T. 	 . 

.... A Once in Two-.ycar EVC!l'Il Yeu'r: 1991 

The wnterbalance datil coltectl!~ in"199 1 is !iUmmariled in . i 

Tuble 2. Thil' )leur was COO!len becauscit-wn.,\ the first year 
or lhc !t1udy thal cciuld be categorized us ura approximate 
two·y~ar cvel1l~ 'i'lC d:li~1 presenled HI Tnblc 2 !>how!> lh:lI' 
c\'apolnmspiration made up the li.rge.~l component O(I.he. 
io~s of Ihe 45.~ em of precipitation fromlhe plols! com-· .: ~I 
(,rising 'i 1% oflhc <lvcnlg.e ucross nil plots. th1wevcr, die· '11:: 
gnls.~ plot WilhoulgrJvel mulch (number 4) elthibited only' .(1 
25J~2 em of evapotritnspirutioo during 1991.lar~ly·due to "';:.!: 
a loss or 16.14 em of 1.lu'tOff durinG ,he. ye:u-. Runer!! waS :::, 
greatly reduced Dn plots lhat had a grJvcl mulch in·) WI.. • :~l 
with the higheslnUlofr rale!> being. foulld on the grass ploi!i' '':1 
without gnwclliii.tlch. The shrub plOlS withuul gl"'.tveJ: .i~1 
mulch exhibited from ~'.41 10 14.00 em of runoff. :I~I 

1 ~J 
The seep.age teml of lhe wuter bah'Jlce equalion (dC!;cribed' I J 
in more demil in !iubsec:tioo 3 of Pun JlI of this report) t ~ 
\'uried tlreally from plot to ploc. rile average amount of .: I !' 
stcpage for 1111 of ,II: plOl'" ~'3S equ..IIO 0.92 em. appro:<i- .. : .: ' 
malel}, 2% of lhe lalal annual precipillliion for 1991. A. '1 

liuie less ~eepllge WllS ob!iCrved on-che plots containtng tbe' 
!\hrubs. suggesting lhal shmh covers appear 10 have. 
dcpieledsoilmoislure deeper in the i)rofile than plots Wilh 
gruss cover. ' 	 .. . 

~ n. 	 , i,' 
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'fAUL~ 2. 
'WATER UALANCE SUMMARY '''OR 1991 FOR ALL l'I..Ol'S AT MDA U. 

TOTAL I)RJ~CIPI'l'A'110N RECEIVI~I) BY TltE STUD\, SITE WAS 45.5 eM. 
CORRESPON()JNG TO A ONCE IN TWO..YEAR EVENT. 

~~r b.ilbnee mll"'.uIIL'1erJcrn) 
1)lot SoU water l!vap,.r.U\­

Trel1lmenl Number Loc:odon RUllurr &'''C!'liIse inventory IIpiration, 

shl'ub/ttruvel eo!,...t n.Ob I,lXI 2.79 lS.fi2 
K l..'f.'tuer 4.72 1.68 10.2(, 2tl.H~ , 

9 well. 3.37 O.(JO 4.~n 37.60 
shrublb:m: ') e;lst 14.0n 0.66 2.55 ~K.2t".. 

7 l."l"nrcr 9.::!O 1.61< 6.1)1 28.59 

,.. 
; 

.'I.. .~ 
~ 
t: 

' .. 

l 
"J'.'-' 

10 west 4.41 o.nu 7.1~ '33.91 
J:,IiSliltisruvcl 3 emil . 7.3' u.~s 2.01 .15:6() -

5 center 3.20 1.ftS 6.07 34.~2 

plots 
lIlCeia 
1988). 

gt'oL0;s/b3rc 

11 
4 
6 

Wt."S1 

.,m.~t 

1 • .'\:nlCr 

!SA7 
16.14 

3.99 

1.61 
O.SO 
1.6X 

=})S 

3.ot 
1.K6 

3.5.43 
25.82 
32.15 

t2 wc:st It3,,2 n.IlO L~ .~ 
A'Ver.tge of aU plots: 7.19 0.92 ".40 31.48 

z.edln 

"year 

Ratc 
; thai • 2. A 3.6l-year Event: 1988 
rlbe 
)Jrto The walfT balang: datil (ollcclOO in 1988 is summuri~cd in 
" the Table 3. This year was chosen because it wa., the wellest 
j only year of the study and could be cutegorized as an approxj­
due 10 mate 3.62-year evenl ('lablc I). . . 

, was' 

991, 1l1e cVBpOtr.mspiralion term of the wa1er balance equ:ltion 
s p)OIS W9$ still the largest term. accounting (or on averaf!~. a.cro5.."1 
) . aU of the plot5- of 44.) 3 em (1R%) of the Stl.S4 em oflolol 

precipitation received in 19SK The next largest teem was 
the runoff (em. whicll accounted for un Ilverdgc (across all 

cribed plOIa) of 169'p of the 56.54 em of precij"titutiun. Agilin. two 
1) oftbe plots withoullhc grave! mulch demonstrated Ihe 

, of 1arlCSl amounts of runoff measured to dale in this field 
,foxl­ ~tUdy. Or.is.~are plot number 4 and shrnb/bnre riot 
A number 2 lost 29% and 28%, rC~pc!cttyely. of lhe precipita­
n& me tion added to these plots in 198M. ' 

I 

I 

, 
i , 

1-' '.', .':;.­

i 
" ' 

Allhou~b the seepage tenn was 3 smaller proponion of the 
wnter balance t..qulltion Ih.m the runoff teml, the ltmOUnlS 
of seepage occurring on these plots reprc!lCnt (0 our 
knowledge the largest amounts of seepage mea.~ured on 
Inndnlls in a lIemiarid environmenl. 1be avenagc across all ­
of.he plOIS umountcd to 3.5 em or flow. or approx.lmately 
6% of the prccipit,,'ion received by the site. Although most 
of the unnul!I seepa~ ranged from 2 to 4 COl for mrnll of 
the P'OIS (Tllble 3). plot number l with lhe shrub/gravel 
lremmc."!t produced over 10 em of Kee(l.llge. representing 
IH% o( the annual precipitation. TIlust unlike in the two­
year event discussed previously. the warer uplate rates of 
(he shrub roots deeper in lhe $0.1 profile wer~ much 
sm~,ner thon ahc infiltration uf Willer throUl:h the soil 
profile in this wet yeur. 
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.The' wilier bulal'l('e,datacolk(:l~d n\ler Iheelllirt life ('If'ltie

!:'. i'e " rleid slIuty lodaic is l'rC!i'~l1Icli in T,,ble,01 In ~jvc lIu.~ <ill' 
';' " " :,:-:' oper:Jll'r Ih~,ide:l of wh:li c:ij;In~t!s l,i ttxpccto\lcr :111 ei!1hi 
,:: "·'<.<:':y'~ar,tin;c Peri('.(I";H MDA B(rrom Murch ~~•• 19/'t7, " 

,_ ' , Ihrou~h June 30. -·t9IJS•• SiF1t~ mosl oftl.c ycms uf 111i~ 
'­ : , field Murty were !lol like i~ 3.62.y~ur even! dj!ll.'u!lscd ill 

::_ ;.; ,: :, ,Ihe p'~Yinu!\ !'Celion, we should e~Ix.-cllO scc,~lI!allcr , 
~~~;•. ~: ;,: perttn~gcs of nmorr lUld'!;CCflugellod .t larger percentage, 
·\~£': ~, .:~:~ 'Of t'VUJlOltllll!lpimtiOil' i 11 tiic willer ~iihincc equ;tiioit. 111e . 

or.: •. ' 

':<:4'~~. l ­

.) .. 

. "'lll~forilt(! ,Ia.-a irizehl~ci;lIi{1I1" ~r~'riot .q~ii~,t." silnpl~ :1..,;. ~ ';.'." , . .' J • 
•flrc!;el"I~I.i1l Ihe WltlcrBidance Il"limm~s~diooofthl":" ;:,., ,:" .:';',',' ,','.·:·.:','.,:·'.:·.',: ....'.• ~..a,;
fel,ort;sillCC ~ill ortlie field plots did'iloi JiIl\'Clflr~tlilK(: ,;: .~. "', 
sleclmes~ (Figure 2);ne fllt~sh:ld sioresriinging"rrolll': "'. " 
J.\> .u,6.,)c:t.~ ii'ld prc'v.iou~ l)lIldie:":haV(l'd~ur.icnle~I_I~llt :.' . ":'. ,,::,:::, -: '.: : 
hoab lIie JCllplh nod 'sicepiws8 of tiIC IlInd slnllc'tuj, suh- .' . . i '. ,,' 

. siahliilily ILITecttllJ)offuei'dsoillf;1~s:,llld lire ir.cllldc~! u~'·lhc'. :.: c·';;" 
TOJiop,rJllhic. FIi·clilr:h"('I"~USI.E.{N)'h(lnllitd Lanc~ 19K(').'···· 

·;.::;, ':. ',dilra in 'rnble'4 "how'ih:I' evupmmnspinllioIlIlI'CC'lllnl!' fnr . 
g:: .,,'. a~ e...e~.lur,erpropclniolt of fhe tO~i~1 prccil'itmitln received 
I{!:;":~' '. by the Site dum ull'le~ the cwo-year or Ihe 3.62.yc:1r C\'ClUlI 

~~,<"'~ ,::'Uscu~...cd previoys,ly: E,;uIXJtr:..n,':I,ir:uion :1c:connlcd for ,In . 

S~i"~,.", .'", ~lver~l!tc 01' a~olll 9(}~ "flltc'w~I~~J~lf)liSitCrn.~:\ all. of Ihe ": 
f;~.~ '. ';:: .••. ploisOt'cr Ihe Ilfl! ..o(Ihc fii;ld ~luliy:R.tlnilff is Ihe !4t:comi . 
,X:;,/:.: .,' .:" l.'r~esl ~omponej'l' ~omp.rishl~,~ 1:36 em (r:xprel(<;(."(1 :t~ itn, ..
Ilr ':~ ,uvera[:c IlCrDl'i~ ~11I1)lol~) Of'lh..: 10ml 33Z.r19 clUof pr~llll#
I~\',;:.;~ji;: ,:', t:llion !Ttihle'4).S~p:tcellvcr l'~ 1tfe of Ih~ l,idd Ii,udy, 
;:.-.' --'.'," ':'amourited 10 (lboLtt3C;(- of"1e ~dpiin.ion;lIjtl()tlntiflS 10 

'" altliolll. W c,ri (l( itwmgcntlw HCtllSOo; IIltoftlie ,1111' . 
r;;: (Table 4) •.Th.e larp:si Itnl,o~.ril." uf :-;eep;I~(, for Ihili linlc . 
';: ,. , period were obscr\'ed 0''',1",'0 pints \"'ilh the, t;,!riJ!ls/prJvc" 
':~'c.~'~,,,,:~" ';'nver:ll~ these ptnis6xt'libilCd ilhoil,'ICl COl of q:ep:1ge. 
{,::.:\: .:' umo~n"ini 1u ~lboUI.5«M of Iju~ pn.'C!J'!I,tlli()n lect:i\'cd ~y . 

t'.'. '!' ,1', lite:MIC. '\ .,' , . ' 

I	;~·~i. ,\t:"£_"F~m (lie dll'~ pre~QlIlL-d. ill~U~~~ 4~'~1 is ob..ioli" cllUllhe 
C<:"" ,'shrub/gravel ~urfacc trel.ltrn~nI :iWttU'S 10 be Ihe beSt . 
;.~:··t:: ,: , lill(f«e IreutniCnlJor Idomhill ,bC-c-UIiSC oj the facl that . 
'::';:.:;>?",,':·lllrous:~ June 3{J,) 995 lalai prLocipillllion ~civ~d by iilC 
'~'\',';- :. stlidy ~ire W'tlS 332.@Jem. ' .,..
~.',: ~ : . . , " . , : . 
~:::.'" ":":':~;':~:~.' \'~.::f .' :~.IW 
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·nlOS. the runoff,hlta ('oli~(:u:d in Ihe licid rro'tu il!~'~hin!! c' •• 

- in Ihe overall cxpccied irenct (;f.;ncrem.cd nmCier ror plol~ , 
,Ill I:'r~cr slo~s': t=6,. c~:m;plc. the' runoff for Ul~;ficict pIOl'>" ':;';1 
·with Ihe :ihru'h,tba~ 'surfnce rrcutmem'exhihil(1j 24' und " .'</;." 'C~:1 
6Ui.n1 orlunorfa.!> she sleepness of lhe'picitl':increa.4(ed ". ' 

from 2. reo ~.(tk:' respectively.,: . .;' ' :: " : ", '<:~l 


'1-il)~Qvt:r.'h~cc:~;l~~·ri~k:I:~I(~i~ e~hi"hc.~i ~'I~~.:ed:hi~,rr,: '. ;.... : -:":1 
over the tife nOlle fleldclt....rimerll u\'BloJ'k!, inCr~usc:-,f, , '.'.... :':'·)1

Wj~urt: 3)'; FOt~1t.linp.I~~Jill',~,r..~~lJi~'I)IO(Wili3 II sio'pe cir" "','; ':11 


· 4.7% t"lul !lumber 4) exhihited (14;7 c:inor..-unUrr;ihc, 
'....';'1 

' ,. 

<. 

" 
. 

.,<:<,!;. ,'< 
' 

' .. 

, 1;U'!!\."SlI.lfnouru'of rUI~ffob!iericd ,in iJilyof lhcplol~. 

·(T;thk·4l. ;ncre~~iiii;.'ili~ ~Ii>(~'tu $% uidit*l.d plc;.1!111uvinz; ." 

-'!I si'mihi;' IOluf:u:e'nc:ulltenllihould hUvejncJ'('n~ddle .. 


IIf11Ut1J1l nf ruril)"fr ()bsC~;ed hi 11.e IicJd'-I~Ul nnif 13:4 'cin .~: 

wi., !lcltJlIlI)' ub~r\'ed (Fisu~ ~)~ Likew;".;.:. the pJoliiwilh , .. 

lil¢.sfiruhl~r:'vellrouimcnl bud'l2,03 cin "diorr;at 'a::slope ­

• 	 l'lf 1.'Jf;{.whcrCa"o~lv 28.21'cm nfn'!l,n(rwa~,ni~~ed ttt ,~: •. 
',u:'ilopo: or 6.!J~~ in !oPiI~;'OI: Ihe f:U:llh~1 .1i'pIOl (~hru~i'e" .. ' .' 
·.ploc) with It 5in~il8r id.opc(6c.l) hud 6fq cn~}Jr.rui1Off. ': 
1'hu~ dw inntkinCe'ofsk,Pc i~ iwt l~,(jilly fllCt()dllf.1uenc~ . ~'.. 
iI'~ t~ rurto!'f' iCiati'"l1.idp..I! ponTII~di(l figure. 3~:As:we' 'f:: ::t 
\¥iI1 clabontlc'lii moredeiuil in'dlcoext ~c.l",l oflhe: .~" ' " 

•report, the, mllj~r ma.~dn:r(.r ,iie: reduced runt,rr ii, lll('.s~ ,. , ' " ,. _.' ':~ ~ f~ 
plois Wi(hlhctargerslOtks.~it~uuribUled to lilrger-.~'.'_ .' -,. ~... !; 

. ,1I11l0Ulllli or pl:"ilc~Yi:r.,,,"· ,."". . ',' -~' .. >~ 
".~;,;' .. ' " • ..,' .. !""~' ••:~. ..' ~.& 
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TABLE 3. 
W"TER BALANCR SUMMARY FOR 1988 FOIt. ALL PLOTS AT MDA B. 

TOTAL PRECIPITATION RECEIVED BY THE STUDY SITE WAS 56.54 t'M, 

1::\
~. 
• :'j I 
l·i! 

:u 
,.. ­ AI'PROXIMATEI..YCORRESPONDING 1'0 A3.62·YEAR EVENT, ' t~j 

p 1 
I,. : 

,i~ Wials;[ .balm;!; I1umncw:.(m!l l .. 
~ Plot Soil waler t.:Evapolriln-	 ' .. r 

n Trea.tment Number locarian Runoff ScePa8C inventoI}' spirotion 

ul Shrub/gravel I east 10.71 10.19 0.38 41.7) 

l' 8 center 3.42 2.28 . 1.65 49.19 
loCO the 

9 we.~t 4.18 3.22 Q.18 4S.96,JS6). 
Sluublbaro 2 e:l$t 13.67 l.ll ..(US 40.74 

. in&. 
7 center 15.63 2.28 1.23 37.40

1015 

10 west 9.40 3.96 -n.56 43.75 ,
pJOIS 

Grass/gravel 3 east 11.62 4.52 ·1.26 41.67d 
S center 1.74 2.28 5.50 41.01J 
1.1 wesl 5.S1 3.82 ·1.55 48.47 

Orasslbare 	 4 e:ast '16.36 2.63 -0.95 38.50 
6 ccOter J.60 2.28 ·1.77 47.87 

.l2. lmI ll.J'i Ul :.l...i! !!.t.1.2 
Ayerag~ of aU plO1a: 8.86 3.50 0.13 44.13 

TABLE 4. 

WATERBALANCE SUMMARY FOR ALL PLOTS AT MDA B 


FROM MARCH 19,1987 'rHltOUGH JUNE 30,1995. 'fOTAL PRECIPITATION 

RECEIVED BY TilE STUDY SITE WAS 332.69 em. 


~bral~1D ~:lramlllr !!:ml 
1'101 ~oil wlter EVIlPQlfM. 

Number Locatio,,' Runofr Seepage inventory spiralion 
I east 28.21 9.39 -2.58 291.67 

S center . 14.64 4.72 -7.49 320.82 
9 west 12.03 9.:;li -9.28 320.54 
2 east 60.20 11.84 ·3.18 263.8:i 
7 center 49.82 4.72 ·7.44 28~5.60 

10 weal 24.38 9.64 -3.1S 302.42 . 
3 east 35.63 17.52 -3.23 . . 28'2.78 
S cealer 8.SS 4.72 -5.29 324.71 
It west 22.87 1(59 ·9.18 304.41 
4 east 64.66 12J9 -2.BO 258.64 
6 center 13.4t 4.72 ·7.'11 321.91 

U ml ill1 .wn :W 2ill1 
Average of aU p!ocs: 31.36 9.62 ·S.Sl, 191.al 

,J 
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Omitting the slope and runoffdala from the tlU'ee previ· 
Qusly mentioned plots. the data shown In Figure 3 was 
subjected to regression analysis USing an exponential 
model. Th.Is model expressed UCetime runoff (Y). received 
from March 19, 1987. through June 30; 1995. as a function 
of percent slope (X) as: 

Y= .2.040 + (lS.98)(c·x/·4.,,,,') 

(Equation 3) 

" 

Considering Ihat plant cover and soil profile (Fisure 2) 
dJfferences had not been laken inlo account. this model 
suceessfully relaled runoff and slope. The coefficJent of 
dete;rmjnalion, r. for the regression model was only 0.48 
and the standard error of Ihe model was 15.98 em of 
runoff. This model predicts that as the slope increases from 
i. to 6%, It 2. 7-fold increase in runoff should occur, This 

difference tn runoff With increasing slope agreesquilc Weill 
with the 3.t·Cold change in soil loss predicted 10 occur for ~ 
plots with these slopes and slopelengfhs using tJle USLE 
(N)'tun and Lane. 1986). . 

According to recent guidance on Ihc design of landfill .ll. 
covers (US EPA, 1989),laOO6U covers should have a b 
slope rangine between 3 to S$. but not more than S9L. 1'hc • 
reason given by EPA fot this recommendation was that as 
slope increases. It ~~ allhls slope range that in<;reases in 
runoff are optimized with decreases 111 seepage. We 
analyz.ed our field data to see it this relaiIo~p 'could be 
valid for our Site. The resulu are presented in Figure 4, In 
which we have plotted Ufetime runoff and seepage verses 
percent Slope. Our field data does not support thiS conclu ~ . I 
slon: as slope increases. runoff increases. but seepage ! 
demonsUB(e5 no signiDcant relat.ionship with either slope . 
orrunaff. 
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and Water Balance Dynamics 

[pdes list for the MDA B plOLS is presented in Plant cover data collecled from 1987 through 1994 nn the
[OCscr11IJini me torbs. grasses and shrubs found on MDA B study plots nre prescmcd for ~ plor.s receiving.

in 1994. Both the scientific and common the shrub/gra\lel and shrublbare treatments (figure S) and. 
.Il_entc~ in this table. according to previous foc the plots recei :ling lbe grass/gravel and graWbace

AJamos (Foxx and TJel'DCY. 1985) and ueabnentS (Figure 6). More details are presented in
tfw1estem NOI1b America (Spel1enberg, l979). Appendix O. The first il'Jerestlng observation that can be ,

database provided by the Natural Resources made about this plant cover data is that once a vegetaUon
Service (NRCS) of the Unlted States Depart. treatment ofeither shrubs or grass is applied. Ibis treaunent

(USDA) was also consulted as a seelDS to be dominant over this eight-year lime span. ' 
NRCS, l~S). ' 
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TABLES. 
1.PLANT SPECIES FOUND ON THE MDA B l!~mLD PLO'rS IN 1994. 
:~ 

Scientifiq name 

Forbs; 
Artemis;a camllhii 
Artemisia dracuncullis 
AnemisiafrigidtJ 
Artemisia ludovicitlllt: 
Chenopodium frlmolllii 

Chrysops;s villosa 
,.; 

Cirl;um ul'ldulatmn 
COfwolvullLJ arvans;.r 
COlJ~ canadensis 
Erigeron dillergens 
Erigeron jla"ilaris 
Euphorbia s'rp~l/ifolia 
OemJJium calspitoJu," 
Grindelia aphanacris 
GtUitr~io sarotllrae 
LycurlLJ phteoidt!.f 
MacllilI!rr:mJhtl'tJ blgelo\·1j 

Medica,D sorilla . 
MeUlotus albld 
MelUollIs officinolis 
,wtl1ll.t.iia pumila 
Mllhlenb,rgia montana 
O,nothllTJ hooluJri 
SaUola kati 
Sphaeralcallsp. 
Sporcootru cryptandnl' 
Thtlespenno..rijidum 
TragoptJgan dubilu 

Taramcum oJj'r.eiNJltt 
Trifolium "pel1l 
Verba.rcum ,,",psus 
Grasse.: 
""grop,ron. des,,,,,ru,,, 
AgroP1ron ,millaii 
&Iria din«tD 
Boutelou4 ,raeilis 
Bronws in~rmis 
FUlUca oWlUJ 
Shrub,: 
ChrlJOthamnus naustto.sul 

C)'CwmQO name .. 
COJ'I'Ulh's Agowan. v.onnwood 

False tarragon 

Fringed sagebru.~h 


Louisiona IIlOnnwood 

FTemont's goosefoot 

HIliI)' goldel\l1Slcr
- Wtly)'leaf Ihistle 
Field bindweed 
Horseweed, C.anadian horseweed 
Sprcadi.n& f1eabaoo 

'Tmmng nmllanc 

'Thymeleaf slIndmnt. thymeleaf sfJurge 

Purple &elllnium 

Curl)'IOP gumwced. gumwccd 

Snakcwwl 

Common wolfstail. wolftail 

Bigelow mer, Bigelow's tansyastor 

Alfalfa 

White swcct clover 

Yellow sweetc)over 

Golden bllining star, dwarfmcntz.eUil 

MQul'llIlin muhly 

Hooker's evcning primrose 

Prickly Russian thistle 

Olobcmallow 

Sand dropseed 

SUfrgrcenthread, greenduead 

Yellow salsi£y.salsify, goiUSberu:d 

Common dandelion 

While <:lover . 

Flannel mLllh:in. common mullein 


Russian wheatgrass 


Western wheat I1'3SS 

Yellow ra8wecd, babia. raglW'bahiu 

B1uoam:ma 


. Sml'lclh brome. Hungarian bromo 

Sheep fescue 


Rubber- rabbitbrush 

18 
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. , .. ThUs, the average shrub c~vers observed in Ihe snrub/ . .. wen; Ilbs~rvedwith SIiW CDver o.ilhl: ploti; where ooly 
· gra~'Cl and the. shru6lbar~frUlltmenlS olJCr Ihis lillll! period 
·were 25.4 and 21.2". r:fSpectively (figure S). Some of Ihe .•' 
shrubs in.plofs 1and 2 did.riot survive Qft~r 11 couple of . 
yoars after being planlcd;resulring in lihOlb ctJver esti­
males of less ~han S% for these [llnts in 1994. Thcplots .,..: . 
receiving the grass treatments were kept rree of shnlbs . . . . 
duong 1987 Dnd then mll1im! succession of shrubs Y.'Us 
allowed to occur. In ·spile uf this natural succession. the 
Itveruge shrub c:ov~n observe,\ on the plots with grtlSsI 
STUve! and grnssibllt'C tren.tments Were 1.6 and 1.4%. 

. 'rc&pectively (Figure 6). Thus. the' pl(lts rcc~iving gra5li 
vegetation aUl 5ut'face treatment pt:rsisiently contained 
40.2'11 (gmss/gravel treatment) and J6.0% Brass cover 

.(graSslbare treatment).
I:': ...- , 

: I •.Gravel Mldch 
,', " 

The second intere,d~g obser...·ation bus to do wilh the.. 
" inOut-nee of the grl1vel.treatment 01' tlIC plot$: gravel with:l 

L. 	

diameter of'les's than 1.5 cnlllnd was applied at 13 kg/ml. 

.The grovel mulcb increllSed the plunt cover 011 mU'.ltudy , 

·~Iots: (FigutCS Sand 6), . 


The shrub and grass cover e&timl1tes were Itv\:rngcd over 
)ime'and are presented ror each oftbe fillid plots in Table 6 . 
· ~~ funher 1U1I~trllle this point. On lhe.plols where shnlbs ' 

.. ."WefC !1dded (shrub/gravel (Iud shrublbare rreatm!!t)t~), plol.5 
'; receiving no grnvel mulch averaSed 21.2% shrub cover. 

..~ while plors \"Jirh grovel had 1120% larger pl!n:ent cover of 
shrubs (Table 6). However, me intluence of grayel mulch 

·W;lS eVl:n more pronounced on th-= gm:.! covcr Oil these 
, plots, wh~l"IlI the 3.verage grll$~ CQvcr on tile plot.> with no 
I,ravel.was t6.J~, .:omllared witll1142% im:rcasc in 
pen;ent grnss c:llver dut=:u grave! 1I~~t~. Similar results 

'irass was added tet thcplou. ~itcept for the plots ii, tbe 
center loclltion (Table ~). . '. 

,. , 

2. Evapotr.mspfratinn . 	 ..: ' 

More cvapolmnsfJinition usnally occu.~i.t during Ihe warm . 
, "; ­

summer momlts Ihan during tbe othti Sl':llSons on all or our. " 


study plots. figure' 7 presents the nlont~ly cSllmri.~ of 

~vapolmn!Jpirll.tion (summer. ftoln weekly ~til\'lates of 

evapotmnspi'mrion) plotted as a function of time for tlte . 

entire life of Ihe experiment (ot tWO plots in the wostCm . 

llrea 01' MDA n (Figure' 2),.E·..npotranspirntion estimates 

for some months ullunll)"c~C'l'.edcd to em in ihc sUI'nmer, 

IlndtltccededlScmin t991and 1992. . 


.. 
Neg,ltiVi: cV4\potr:m$piratioll (Pigure! 7) usua.l1y ~U"ed in 
th~ winter. nnd repreSents time periodS·when either ~n~\Y hI' '". .:~ 

intcrc:eptt:d by tbt" vcgctativc.\ cover or tbe snow undergoes . 
.~, ' .

sublirnntion: in eirhcr case, (he water is never added to the 

copsoil as liquid. w8tl!r~ bill is measured as precipiratioo at 

,he min gause. 'Rabbitbnlslt covers commonly il\(crccptc::d .. .. ,! 

snow during lhe winter and.Ulis sno\v W:lS commonly . 

mainlained aboveground In lheir voluminous cnilopies. 


"" 

, <.' 
..~',potentially mak~ng the snow ITIOre avuihi.b1c.: ror subJimll­

don processes. ntis tcllltkmship probzlhly occurred in the 
winlerof 1~9 n~d the lale fall of 1991. peri<:lds when 
neglltive cYapolr.mspiralion on the plot wilh th~ !lhmb.·· 
.cover cX'llcded. that on rhe plot with Ihe gross cov~r' 
(Figure 7). . .. . 
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, I.' ,~." '1 
, "Plol$ with predondnautlyshrtib cover usually exhibited 1995), repre.~l!nling'(he first field dcter~inULion of'thik . " .. 3 

, ", ,~ larger eV8p.Nranspiriuion than plot.~ witb grais cover~ in. relaiiodTlShip :JI~t.~:A(Ia.hrhI'lS' Sincfe \h~ °nnllYdcoltrJei.:tCdl p~t ': ".: '''l 
. ',·spite o( the,large negative .evapotronspir'aUonvalucs ClW\!r al~ un louro l e years 0 I.iS Ie, stu y.ue ".~: ~ 

. . .' oc~as~ot1l11y observed on the plots wi,.h shrub co\'er, Annunl CVn(H'I!l1InSpinlfinn estinlates for all :;'If theplot..s'for'·:·'.·, ",;. 
, , . '(Figure 7)~The evergreen shrubs (CI-.rysorhamnlls .. ~ theSe yc:us wereeompared by.Yellf(top part'of Figltre 8) . ' , "j..." 	 n.Quseosus) usoo in this field study typically grew yeClr· . and liurface trealnttillt (bottoin part of Figure 8). Sbfub ptl1.~ 

.'. 
round. whereas till: grasse; and forbs (Table S) are usually 'srass cover Dnnual vnhJI.!S for'nll ofrhe plocs rrlllgei.(rrotl'l ·2 

, dormant from OctOber h), April. Rl1bbitbrush is n()t <In 14.71070,4% as i.U1.nun[ evaporran~pirati'm I!.~iim.'te.~ . 
'.. evergreen plant in the sense of 11 plant like a pondernsa , ranged from 26.3 to 49Zcm (Figure 8):,l'hli: e$lilll~tes of 

pine,' but even if rabbitbrush loses its leaves in the early ploot cover :U1(1 annual evapolrnn~pirnliDn w,en: SigDifi-, ' 
winter. this plant an Iranspire because il stili has green cantl), smniler far allof lhe' plots in [989 than in (990 
s'eq\.i:Thus, We cnmpnred Ihe amounts of lifelime evupo- (Fig1lr~ 9). AnUI!al SMlb plus gross cover was ~ignific..ritly 
transpirationoeclIrrlng on th.e field plolS for two time ' relAted to annunl Cvapolrrulspi'cucion using the d.ala rroll'! all 
periods: May through September (gras,es, tbrbs and of the field plots (Fig\l~ S). but exhibited ~onsidcmble 

-':'-'-'-' shrubs 3ctive.iy (rlU1spiriitg) and OclOber through April varinlioo (the coefficient of detc:rmimilion. r. for ihc line"r 
(oniy shrubs transpiring. but all1 reduced rate). Thi~ regressiuD model was only O.~1 and Ihe 5lnndmd errol' of 
seasonal difference in evapotranspirntion is prt~enled for the model was 4.99 em of water). In spice of the rrunpornl 
all or the plots in the western and eastl!m Portions of ' and !:p:ltial ViltL,llon in the field dAUI,lhe regression model 
MDA B in Table 7, predicts (hat doublingpercenl annual shrub pills grails ·1coyer (30% \'erseS 6Olfp"cover) results in a 2211: incre3St~ in 

I', 	 I 

'1" The dala in Table 7 is presented to demOnStmle that plOlS Innucal tSYUIK,trilnspiniticn. 	 ' 
,,' 	 wbh .!Ihrub covers usually exhibited more evapotran.<spira­


lion than plots containing grnss coycn; over t~ life Oflhc 

neid'uperiO'lent (from March 19, 1987. through June )0. 
 TADLE7. .1995). This was accomplished by grouping tbe datil by SEASONAL DIFFERENCE IN LlFE11ME

,,' pairs of surface freafmen:s whose only differenr.e is , I~\'APO'l'RANSIJ)IL\,mN.(FROM MARCH 19. 1'!1.
predominantly shrub or grass co\'er. as well as by western THROUGH JUNE 30,1995) FOR THE WEST'EllN 
and eaStern plots. since tbe soil profi1c~ in these two ilreas AND EAs'rEItN MDA B I'LO,[S. " 
.01'C dissimilar. Thus. comparing the shnlbJbllre and gra.w. , 


, • ' ' bare'trclltrmmts in the western plots (Figure ;). we discov· 
" 


~ , crCd that there was 2.8 cm more evapotranspiration on Ihe IlioL EV"I)(llrilu~rntiolt (em} rim ,I 
shrub/bare plot thun on the gra.'is/bllre plot belween MD.)' Tll!lIImcnl Number ,Mny-Seplembcr. Octll~r.t\pril • 
thrOugh September and tlmt this difference amounled 10 ~lI:.uuJlms " 
16.3 em b~twcen October through April. The shrub/gruvel ."Ihtllblllta'll:l " 9 247.1 73.4 <e 

western plot exhibir~ 10.6 em l1Iore evapotmnspinllion ('Jr;wfgrnvel II 236.S. '67.9' , 
than the cocresponding Irasslgrav~l plot betweln May ,::. "!" 
through Scptember, nnd 5.6 em mOre evapotranspiration . 	 .::.:':SbrublbW"C 10 ' 222.3 " gO,1
between October lhrouSh April (labIe 1); similar re.huion· , Orass/t);;lff: 12 219,5 61JI 

· ~~hips for this .treatnlent pair occurred (In too eastern plots. · 
This data supports the condu,sion thllt l:lodfill covers 

E~slqrn ptmS . 
'eonwning rabbitbrushcan CVllpotmnspim more waler D\il . , 224.1 73.6 . , '1, Shfubl"r;lvcl 

,.~, 

of the ~U protile lhan covers with ol1ly grllSS;'';g:::rurjon, 	 ,
Grass/gravel ,3 . ~14.1 68.7,

nnd thai this, tlJillt yeruiy difFerence can be as milch 3,eI 

19.1 em.· . 
'~ 204,2 59,7 

4 193;] , -6'-4, 

evapotranspiration both on an snnual basis and for the life 

" 


ofthc field experiment (Ml$rcb 19. 1987~ through JUlie 30, 
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Fig"'. 8. 	 Angual tVlIpotranspiration as a junction ()/""rub p'us grass 'Ollfr /flr lhe MDA R field ,llIu. l'he "(lJHt' 
portio" of th., /igll.rtI prdScnl.~ /hls data fnr lht /uur yean ""'"re planl cOlier tIa/a ",as collecl.d. ",h~,.r(Js 
th., low.r portioll Q/ Iliit figure pres_nIl ti. samt Jitlld data only as a !lIl1clidn "j sut'faetl Ifec.'",ctta'. 
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~" .~:~"Thc voimnctric water cont~t wldsoil wtll~r il1vcntoty . '" 1bc type ,lrvi:~el..tio;, growing 'ir.:~l'e' plots a~~ 'i·l)ri~nccc( ,. :', :' ; .,: ..'; 
.:. -' . " chanaes with time are p~!lentc:d in Figure t;) for two ·~ilCn amJ how much'seepage 'YJl$'llroouceit on the" 

.' : . MDA' B plots with tbe sh,rubibare tr«:atrricnt to demonslrate MDA R ploLlIJ (Tabl~ 8). 11l1'seepagc datn for ~Iic. ptots . '. . ,. 

'~ow seepage was eslimared fDr the srudy plOts: MOSI or the c,onrainins Ihe shrub,s were cOlnpmd wilh simila":daUi' : . 
, , 'time "bCce was very little change in soil water content on coUcct~d on [he plots Wilh dominantly gruss C:9\rerTor)~ ,,'" 

.the$c two plotS; and dunng the.re lime periodli th~ 50il silme two tim" periods used for !h~,eva:potranspirii[ion data :' 
waner inventory changes ranged from .0,5 to 0.5 em of.· in T..ble 7: May throUgh .scpicmbCr.'{gmsses;(C?rb5:I1r1d;~:· : 

".:. :;',.. ~~l.Cr, Howcver.·on a fe~ of the 1S6 sanlpling Ihiwls.thc ... shrubs aC:lively imqspilipg) iU1d,O<:tobi:i'Jb~gb Apnt,; .:,' .,:. 

.:~. ,ctulngea in ':roil watet, i~lvcniory were greater thun OS em. (only shrubs lJanspkingilitii"alareduced rate). this,' , 
:." 

~; , 
t·~ , 

.. This hllppef!ed fen tinles and nine time.~ on J'llot~ '2 and 10; scasonal dirrcrencu!n seepage was compared wilh ~" 
'" .. ,', respectively. and the $~p~e eventS usually' OCCltcn-.d in lifetime average shrub cover measured on·the ewst and \ ~ . '. ,: 

;.,; .tJ\ewi~cr nnd spring (Figure 13). Plots with replicate .. weSI plou (Table 8): rtie eel-urnl plots were not considen:d 
- treaunent5 behaved similarly relillive to (he occtlm.'JIce or , in ·this companion because they ~ra influenced by ~be:· , 

,. ~ scep.'.l&e. only when Jilf'ge soU wdler inventory cbanges : hydrologic relationships related to II slm!low soil profile. as 
, 
... 

' ,were observed. For c~ample. bel\~'1l Murch 31.1993 iu~1 discussed pr~vjou5Iy. A,s sll,rob.cover 'nc~eused (rom 
,Apdt 16.1993, when the:lverage volumetric water ecint~nl . 0.13 to 23 lIb, the lieasonal diCfe~erice in seepage decreased: 

.:. at the. 80-100 em depth on Plot 2 i~sed from 11.3 to ' from 5.7)"0 1.19 em (Tllble S), showing (har shOlbscCluJd 
IS.O.... 1.86 em of seepage occurred (l=igure 13). During continue to tran$pirc Ihroughout tl1e,fllll. \1iintcr. and IIll1r1y .. 
this lime period. the volumetric \YOler content or this lIoil spring. thus red\leingtl~ amounts of se~page occurr~n8 on 

,'. ... layuon Plot to increased from 26.3 to 29.6$, relllliting tn rhe plots. .. 
, . -" .a .seepOl8e csdmatc of 1.65 em. USllally when .!IccP"8c :. ..,.. 

.,oc:curred in (he 1:astand west POrti~1l5 or MDA u~ it Scv~tlll analyses of dt~ nlnoff dlit3 (Dames Cl at. ·1986; , I 

,'occurred on one plot but not tl~ replica~e plot v.ith tbe Barnes and Ro~gers• .1987. 1988; Bame,s a~d Wanen.· . 
... ,; sumo treatment (Figure (3)~ This was most prob:tbly due to 1988; Lope~ et al., 1988, 1989) and soil erosion dlWl 
'.;.r .' dirrerencesin soit properties (Figure 2) and pilln! cover (LANL. 1991) have ~n lJerfolmed. and these_~c pre:'. 

. (Figure 5),·' .~ sented in Appendices E and F. respectively:" ... 
'.: 

:.D:ttn simiJnrto that p~nted for Plots. 2 I!nd 10 in Figure A preliminGry :malys,iS otihe ninoff dRm rrom the MDA 8 

J) is presented for the $oilla)'ers bel1calh the gnlyel cobble plols was pcrformCd Wilh,the idea thlll.hc:: deqeases in 

biointrusion barriO(' associated with the cenlral plots in . .runoffwith tifnC were duti to hu:reases. in vegefative cov~t, 


" " Figure 14. Seepage took plnc:e much ·icss frcqtletUly on This analysis did lIot rake into account theocl;prrence 01" ... 
'.. 

, 

.(
Ihese pl9ts than on ~hc plots from che east and wCitpor. , cryptogams. whicb started [0 appe:u: 011 the soil·surf':K:e5 of ,\ . '., 

:'. liON or the study area. S~page occurred at difrcrcnl tilll!:: mllny o( th~ plots III 1987. about three y-=ar.s ~fler the plOts . , I 

" inlerYl:lts on these p(IJCS (FiguC1: IS), happening only were cltlplucedaL the sitl:; Since: this effect Wil~ not quanli- : 
'between July 20. 1988 and A).!gU$l 3, 1988 (1.22 Cril). fiCd. {he perccnmg«: of grou-nd cover (with or witoo.j, , ". 
Aprill0, 1991 and May 8. 199,} (0.97 em), nnd :\tay 8. cryplognms) for each'of the l2 plots was plotted as a ..,
19~i :md May 22. 1991 (0.71 cm)','This phenomenon bas function or annual runoff for each of ,the yenn wJteid10lb :0 : 

;been previously observed on the tTP plots at Los Alum. types of dala were available (1988. "989.1990. 3lId 1994). . 
" ." 

wbicb 3150 c9ntahled it shnUowsoUlaYCl oYerlying a . This analysis did not show Ii ~~fY gi}od r~hilionship· . ' 
;:.. 

gmvilJcobblC biuintnJsion barrier (Nyhlln':l aI.• I~). bd.w~en these two variables ror, our field study bi':.Cause lite' 
:.~ 


The cenlml pJoaS at MOA'B had cbls same shallow soil amOU!1IS of runOff genel8ICd dUimS the :J .62· year event 

profile. which promOled more cvapolranspirmion 10 ~r .we~e $0 large lhot the influence of ground cover waS n"t itn 

on .those plots tluin tbeeast and W'=61 pIg" (TQbfc 4). impano.nl ractor for 1988.. ... 

,. 


lticreQsing the flvapotrimspiration on tJ\csc plots generally , 

. greallyreduced seepage production 011 these pluts. How­ .,'. 

cve~. this shaUow soil profile canfigut'dlion also changed 

lh.e seasonal dililri~tion of S~p:Lge on the ecmlral plots ., ' 

(Figure IS), a!Jowing no seepage to occur on these plots 

between Oetober and April. .. 
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, . " ..,',THE'RELATlONSinJl BETWEEN LIFETIME AVERAGE SlIRuB tOVER'ON 'f1-IE,EAST AND .! ' , , 

'.: ... ", ' ",WEST MDA 8 PLoTs AND SEASONAL DlFFERENC~·IN:LiFETtME SEEPAGE..,· ' '. . 
" .~ " . ~~ . . , ~ .. :,; 

".".'-",::, ." " . . ':',; '.... .' " -:. ,;' . 
';" "." ,:. 

.;,. . ,'. " ' ",,:;' .' SeaSoilal-, ' 
, " 

,,'Plot' , ,Lifetime average : ,,' Lifetime Stt:pDse (em) during;-" ';, .:~.:, "dlcrtit~ ilr 
, ,, 'Nwnbet,,' ,Treau:nenl ' shrub cover (9lr) ';', October-Apri!'·::,'.: MaY..;SeptenibCr,: "seeplge (em)· ' -, ','.. '1'. 

0.13 8.96 ' ' " "''',3.2'3./'",. " .. 5.73·:·' 
' ' 

. 'f 
~ ,4 east , ',.' <JrusIbare , c., .':,1 

, . ·3 'ea$l:, '.', GraSS/gravel 0.88 .IUil . ':,; . .:: ..: 5,91 :.~ , ',' , ,.. ';. 5.69,' : " . ," . 
" • I , i 1'\Ve$t"Grasslgrovei , 7.09 3:08 ': ' 6.50:' '. ,'·'1;S8 ' , 1 

! 
I12 \¥est ", CiBSsIbarc 7.96 , , , 8.77 ' " :3.26 ' ':5.51' : 

',' 1. east,' " StWblblte 11.52 '8.01" " , .. ,"3.83 :',<: , ,,' .' '. 4.18::' ' 
1east . Shrub/gravel, 13.77 5.26 " ' 4~t:r·' <~ 1;t:f :' 

, 9 wOlt,' Shrub/gravel, 22.21 5.26 ,4. t" :c:.o t:13 
lOwest Shntblbafe ,23.00 5.41 ..4.23 ' , 1.19 ,I.. ',' , I 

. ," I,'.- _. '. : . 

.' " 

, . ",," ":~. 
. : .... t. 

, ' '~~:', . ," 

'!-' " " 
, .. J "t\ 

,:::~at.iitg the '1988 runoff and ground cover data, out of th~' , ,::d power reialionshlpbel,\:,een ~~ o;'lUbati 4n~f~cent , 
,cOmparIsons, the data waS iegraphed and presented tn' . ground cover.,Wllha staildarden:oroilly 2.2.2 em of runoff. 
Pisure 16. Oround cover was found to be significantly'" 11:lIs model predicq that ~ ground COVet is increascdfrOm 
~ted to annual runoff. jn .spice of the fact that other ' 301090", annual runoff is reduced from 8.8 'to 0.98 em; " 

}:':: ',j JIC~!)l1 influencing runoff, such as siopc (Figure 3): were almost a 9·(01d deCrease. ': ,," , , , ' 
,", ,,:DoUaken iroo account (Figure 16). Almost 61,. of tbe, ' ;-, . ' '.' 
.,,' ,jariocc in runoff was described by a model deScribing a 

... ' " . 

::. ~: : 

~.~,. 

" 

."";' 

20 30 " , 40, so 60 70 ., 81) , 

'.: .'. Ground cover (%) , .' ·~"r "~'. 

31 
.', . '.: 

" , . 

, t 

" . 
, , 

.' t.
,"
'~ 

, ' . 
., 

, " 



..... 

....... 


.'-f ' 

. ', 

. (,' 

IV. 	tJSEFUl..NESS'OF TIm ~.,.t1DYAND FUTURE 
RESEARCH 

The infonnolion gathered in this field study at MDA B 
pro"idc$ os wit~ an insight into the inter4cti'vc relation; 

·ships between plant arid gril,~el cover, site chnracleristics 
such as slope. and water balance parameters. This insight 

·isnece.uary for the waste site o.~nitor to be able to put n· 
,Iandijll cover on this sire that cari be used cosntisfllc.toriiy 
close the site and minimize risk to man,in the fUhlre. . 

Since the landfill co·,.er design must perfonn satisfactorily 
. for hundreds of years; it must withstand annual precipitn. 

tion that has ranged from 11;3 cm'in 1956 to 77.1 em i~l 
1941 (Bowen, 1990). In our seven-yenr study, we cltperi+ 
eoced five years that were drier than average,one year that 
hod about average annual precipitation. and a 3.62-year 

,event. Comparing water balance relationships across all af 
the fie1d plots,bCtwee!l the nvemse year and the 3.62-year 
events, 'seepage increased dramaticallY, !IS amounts Q( 

precipitation increased. Seepage consiSted of 2.0% .und 
,. 	 6.2% of the precipitation in the average and 3.62~year ' 

events. respectively. These increases in seepage were' 
Dccomp~nied by corresponding'decreases in evapotranspi.' 
ration. which accounted for 86% {average year) and only 
78% (3.62~year event) of the precipitation. If this trend 
continues. it will be crhicai to evaluate how che landfill 
covers rcspon'd, to events occurring less frequently thno·u . 
3.62~year event .. ' 

However. over the seven years of the field study only 2.9%. 
of tbe total precipitation received at the field site el1ded up 
as seepage. and 9.49& as runofr. Compa,ring lhese values 

" .. with ~he average. and 3.62-ycllr'events. lids is undoubtedly 
a reflection of the fact that the 'ttidy period encompassed 
five years that were drier than average. decreasing the '. 
average ,.eepage and runoff values for the entire seven' 
years. 

· Slope is a very important variable in the design of a 
landfill. Our.study shows that at; slope increases f(~m 2to. 

,69&.,8 2.7-fold increase in'runoff should occur. However. :;;' 
as'slope increases no significant relalionship was found ' 
~ctw.een increasing runoff and decreasing seepage, be­

. : Cause seepage was not related to either,slope or runoff over 
. . che fife of .the experiment. "I:bis hitter relationship is 
, obviously more strongly influenced by the soil properties 

of the entire profile~ by vegelative covcr differences, and , 
· by site factors such as aspect. which has been previou!IIly , 
.. Shown' (0 impact the amounts of solar radiation and . 

" 	 . ',' '. . . 

",. i: 	" 

. ,~: 

....• ' . ,." .. !', 

;1.. 

, anlccederlt nl0'isture c~ndidon 'of the l.Qiuffili cOVer (NYh~~' 
ot ~l..l~9~)~ 

. '\ 	 ',' ~ '.' ..;, 
':·.'Two inte~sCing'obse~alion$ were made co~cell1ini the'· ' 

surface cover lre,atments on Ih.efield'plor.s~ Dunng the '., 
seven years.ofourfteld sl:Udy.o!,!cea vegetative, cover of 
eith~r shrub.~ or grass.is applied i"the landfili cover, this .. 
treRtment aeeiris to dominale·with time.. In addition, grn~1 

•mulches, inc:rease4 (he plant cover on our: study plots;, " ' . 
having, rc large~, influence .on groS!i .cj)vcr thnn ori shru~.. '. 
cover. Plois. receiving no gravel.mulch.a"craged 21.2% ,. 
shrub cover. while plots whh8ravel'iwld a 20% huger'· . 
percent cover.of shrubs; however, tlie avet'!1segrass cO,ver 
on the pIOts·.wilh'l1o gravel was16.39b. ~ompnred wiih a: 
42% incrcOse in ~rcenl grass cover due to grnvel.muich'.. 
These relation'shipS n~ extremely important In the sen'i-" 
arid and arid·ponians of the sq"thw.eSte~n portions of thcf 

· United St~t~s. where plant cover.citn be v~ry hard to. 
eSlnbl ish on landfills, uplikc .the weuer portions of the : 
United Slate~. . 

Cove!,relurionship~ Qn·\tIe landfill were (mind to be very , 
· imP9rrent in influencing runoff. pround oov~r was found 

to be Significantly related to annual O;Inbff. ·lli.;pite of the' 
· faCt that other factors influencing, runoff. such as slope. 

.! :".. 

~ :~. 

I . 

, .1 
• 	 ! 

I' 

I,' 

· were nOl.tD.kEm into account. Almost 61% of the varianCe, . 
in run~)tj was described by a mOdel describing apuwer: , I 

relatioriship belween runoff and gro..,ridcover, This modeJ I. 
pl~dicts thnt·as ground cover isincrcnsed.from30 t~ 9OCi. I 

nnnual runoff is reduced from 8.8 to 0.98 em, ",Imost a '( ~ 
9-rold 'de<:rease.··· . ,,_,. ' 	 I 'l 

Several interesting reiiuionships were qunntified bel ween 
c.vapotrimsPU:ation es.tiitiiues from ,the, field plots and .: . . ...vegetation parametets. Aregrcisio" rjwdel'of our m.~ld "'; 

· datil predicts that iocreaiingJoliar and shrub LAI by only . 
, 0.1.:1 (0.35 (00:50 Cn,t'i/cm'Z) resUlts in 17.9& increases to 
lifetime evapotranspiration. Expressed in terms ~fplant _ 
cover estimates from point fram~s.we found that doubling 

, -.the percent shrUb plus g~ass,cover (25% verses 509&) On . 
the landfill 'cover increases lifetime evapOtranspiration by .. ., ~ ... 
28~. Both or these ~bserviition~ prove thri·t evopotrunsp.ira­

tion is a water balance pai'mneter that th~. ~ite opc~or can 

use to manage water re18ti~nships ~n .tbe landnU. 


Different amounts of seepage OC:UlTed across the sl;Udy 

area as a nJlletion of landfiU cover soiI:properties. which 

al&o influenced·the tfme when seepage Occurred.. Large 


.	amounts of ~pag6,O~lli1ed on the east and wesl pJots in 

the winter and the spring. Seepage ~u'ired much less ",. 

frequently and durir'l8 the,spring and summer ind.e· '. 
. .~., 

. ( . 
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•. ';.. . ',heallh und 10 Ihe environment by isolaling conlaminants ' 
,.Wllitthcy no longer P05C un unacceptll~!~ h:.zaid. The.. 

· e'., "Inlemlalionships ,between SUrf4lCe grilvclllnd vl!~cUl,iion 
·treatmenls. water balance pal"'.Imctcrs. and site physica' 

Jet.. . paramctC'B (such as slope) which were discovered in this 
'~.. ,field Study can now be lIpplicd 10 improve hmdl1l1 cover 
. 	 . technology currently needed so badly al l.os Alamos :md 

thrOughout Ihe United SWICS. 
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. portions of MD~ B ~oniui~ing'l morc l>lmllow lOoil cover 
\Vi~ an und~rl)'mg bIOW!rrlcr. ':. ". :' 

.Pa11.of~ explo.nal'ion for Uil:se~oil'prolilc differences hi 
·	"related 10 Ihe obscrvlllion, which coilld only be mm..lc fot' 
,die easl.nnd.wcs~ pertion... of Ihe ."',Idy ~arell.th;IlI'iCm.omtl . 
·'·difftreOce1\ were found in st..ocplIgc production on .tI~ pJuts. 
;,5'1 (~clion of th~ type of pltm' cover pr~eljl. These 
-:~1 diffen:nc:es were,due to Ihe f,ii:ttrult oure\;cr:­
· p,.n $hrubs were lnmspiring all ye'lr.w~rcll"lhe gnlsscs 
"end forbswcre nOl. Thu5. as shnsb cov,crl.ncrcased fmm 

.0.1310 23fl..lhe ~a.\Onal difference in sccJmge dccremicd 
(tom S.73 co 1.19 em, showinJlltmt shrubs could cominuc 

· CO transpire IhrooghoUilhe full, wimer,und early !\'Jlring, 
..thus n:ducillB the itmo\lnlS of StCrr.,pe of.:curring'·on the 
piolS in Ihe easlcnl u.nd wesu~nl study areU!i. This rerulion· . 
ship could not be verified for lhe cenlritl ponions ~f the' 

··studyarea, because 1hese :JF(~3S hud shollow soil profiles' . 
, that enhanced cVlIpotml1spil"'.lIion 1Il~.llrol11oled iruerflow .• 
· with the underlying bjo~arricr. ' 

Th('· goal of di sposin8- or low-Ieve! radiouctive nnd ha:tllrd. 
. GUS waste in !\palJow landfills is '0 reduce risk to human 
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