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From: Ron Rager [rrager@lanl.gov] 

S~ent:~ Thursday, November 04,20044:31 PM 

To: 'Kathryn Chamberlain' 

Cc: acrowder@pmctechnologies.com 

Subje~t: MpABCover study report 

Katie, 

. Here is the result ofmy first attempt to dig up information on the cover placed on MDA B (west end). If I read this 
correctly, there is 8.75 feet of cover over the original landfill (cover) surface. I'm looking further to see if I can 
locate Appendix A plot plan. 

Regards, 

Ron Rager 
RRES-RS 
Phone: 505-665-4065 
fax: 505-667-5801 
Mail Stop: M .992 
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A WATER BA LANCE S'rUDY OF FOUR lANDFILlJ COVER DESIGNS AT MATERM. I. 


DISPOSAl.. AREA B IN LOS Al.AMOS, NEW MEXICO 


by 


John W. Nyhnn. Johnny A. Sala:t.<1r. 

David D. Br;;slll:ars. and f.ai ..tcy 1. Sames 


ABSTRACT 


The goal of disposing of low-lev!!1 radioactive and hazardous wllSte in shallow landfills is 
to reduce risk to human health and the environmenl by isolating contaminanl.. until they 
no longer po:>!! un unaCc~lltabt~ hazard. In order to "chic\'c this. th~ Department of Energy 
(DOE) Environmental Restoration (ER) Pro.:;mnl i~ comparing the perfonnance of sevcrtJl 
different surr:lce covers at Materia) Disposal Area. (MDA) B in Los Alamos. Two conven­
tionallandfill designs. consis,ing only of layers of topsoil seeded wilh grosses, were 
compared with all improved cover designed to minimize plant' and .mima! intrusion and to 
minimize wtltcr mfillr.uion inlo the underlying wastes. TIle convcmion;l! covers varied in 
depth and both conventional and improved designs had diffcTC!nl combinations of vegeta­
tion (grass verse.... :'Ihrub) and gmvel mu1r.h (no mulch verses mulch). These treatments 
were applied to eac h of 12 plOl'i and water balanr.c parameters were measured from March 
1987 through June 1995. This has been the longesHenn study of water balance on a 
remcdip..ed site. 

Field results document scveml improvements for conventionallandfil! surface covers. 
Adding il grllvel mulch significantly innuenced the plant cover: field plots receiving nn 
grave) mulch averaged 21.2% shrub cover, whi1e plots with gnlvel hud a 20% larger 
percent co ....er of shrubs. However. the influence of gra\'e' mulch on (he grass cover was 
even larger than (he inOuence on shrub cover: average gras!i cover on the plots with no 
gravel W3l> 16.3%. compared with a 42% increase in gra.<;~ covel' due m grave) mulch. 
Thete cover relationships are. important 10 reduce runoff on the landfill cover, as shown 
by a regression model that pn ..'<Hcts that as ground cover ill increased from 30 to 90%, 
annnal runoff is reduced from 8.8 to 0.98 cm-a ninc-fold increase. We also found that· 
decreasing the slope of the landfill cover from 6 to 2% reduced runoff from the landfiU 
cover by 2.7·fQ)d. 

To minimize the risk of ha.t.ardous waste from landfills to humans, runoff and !\cepage 
need to be minimized and evapotranspiration milltirnizcd on the landfill ~over. Th;s lias to 
00 a<;complished for drl' and wet years at MDA B. Seepage consisted of 1.9% and 6.'2% of 
the precipitation in the average and once in ten year ¢\'cnts. respectively. wherea... corre­
sponding V:!,[Ue.IO for runoff were 13% <1nd 16%; theSt! changes were at..-companied by 
corrc....ponding decreases in evapotronspir.ulon, which accounted for 86% and only 78% of 
the plCl;ipitation occurring on the average and once in ten year event, respectively. We 
found Ihat doubling the percent shrub pl\ls grass cov~r (25% verses 50%) on rhe landfill 
tover increases liretime cVJ.potrnnspimtion by 28%. Sincl~ our evergreen shrubs could 
transpire during the sen.o;ons when seepage usually occurs, we found seasonal differences 
itt seepage: a.... shrub COvc:r increased from 0.13 to 23%. seepa1!c occun-ing in lhe winter 
and spring decreased from 5,73 to 1.19 em. 
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I. INTROJ)l1CnON 

The goal of disposing of luw·lcvci"<ldioactivt' and h;J7..;ml­
OU!; W:Isle iu shalluw landfill~ i~ 10 reduce risk to human 
health and the environlllent hy ISll1uling cuntamimmts until 
they nlllonger pose an unacceplable Im7.anl. Inscilutiormi 
contrul and maintenance of low-lev(~1 radlll;u.:tiw WilsIe 
reposilories ur.: cxpcL'Icd tn cea~e 100 ye:1rs ancr 1Ill' 
closure of;t v..'mac sit~. aft\!I' which time Ihe repository's 
landfill cover need" ((l itel p:ls~i"dy W hul:ih: the rmlinnu­
clili('s fur an ad(1itillmll JOn It) SOO year.. (liS NRC. It};.i2: 
US DOE. 19K~I. Dispo~ml in slmllow landtills can mini­
mize oolh COMS and Ihe pwhlems ;If cxc;l\'alin~. tr.msl)('rc· 
jng. and reburysng large ljllllntilics, of s6iglnly cmllammalcd 
material. However, to he ClIS1-t'I'fCI:livt' and r(,.jm:c risk 
associ'Uo:!d with (he mOV(:mcnl of COlilimlin;lIIl~ in lill' 
cnvironml:Ol; l.,mhll1s must lx- deslg.ned tu minimize long­
(em) maintenance ~Ind In maximi;'c IhL' intcgrily uf th~~ 
landfill cover. 

VegetatIon can phlY II criticJI mk in 1,Icduding w\!l~r 
rect:ivl.':d as p!'ecipilation fnml re;lchinp budcd w"stc~ 
(Andc-[S('11 el .11.. I~93). Plants (:iln CXUiII.'I waler from the 
entire soil profile, whcrc<li> the physical process of suil 
eV:lpom!ion onl}' removes wmer rrom relatively shalluw 
soil depths. On an annual b~ISili in arid :md semiarid 
climates, pOh!ntial cvapotransplr"uion is fClr greater thiUl 

the amount of wnter n."Cl~ivcd as I"recipitaciol1 (Chang, 
1971 ). Consequently, ir" la.,dlill ("over is deep enough to 
store p:rec:ipilation receivcd whi't· veg.t.!cation is rlomlant. 
and if sufficient vegetation is pfe~enl to U!;c all of the 
stored moisture e<lch growing season, then no water will 
drain into the underlying wastes, Convcnicly. if ,'egetation 
is sparse or ab!>cnt. h:lS insufficient ruotins depth. or is 
physiologically inaclive during severol seasons. lhe I:mdfill 
cover may become '1cry wet and water will seep into Ihe 
buried wastes. 

Vegetation ha!' many other influences on the IimdnJ! 
topsoil (Dadkhah uod Gifford. 198()). V'!gcllliion ))lays a 
major role in soil erosion a!i iI componcril of the Cover 
Managemerlt Factor (Nyh;m and Lanc. l'JK6, of the 
Universal Sui! LC'ss Equation (llSLE). The US EPA­
recommended appwach 10 rcdu.:illg ~ill.'r()Sioi1 on 
landfills is bi\.~d on control using plant cover tUS EPA. 
1989). as opposed to approarhcs based un lhe UIIC of gravel 
allc1 other materials to cumrul erosion (LotlC1. ct al., I'lKR. 
1989; Nyhan ct at. 19&4. Nyhan and I...:mc. I<JK6,. Plant 
cover influences man!' ct.her hydrological procCRSe'i., . 
including in[erccptLon. infihm,ion, evaponllion. 

Irall·'rn.-.nion •• mtl so~1 w:lI!.'r SIOfill!l~, "nd plmu'i are nlM) 
invulved in comal1limml uptake. 

Two prim.uy factors Ihat can rl'thu:c th1.· imc!,'!(iIY of ,hl' 
clIwr ..Ild inC:f!~;ISt' [he- ns\.~ iLssud.m.>u With the movement 
(If comarmn.mls are surface cfO)iion of tit... cuver and 
illfillnlliull uf w:Slcr thruuJ:!h Ih.: <.:;11' ilnd inlo the waste 
iJ3cob.'i cl at., 1())sO; Lu»mt'lOfI.! :md Tharp. 1~)i)3: SUlCI' CI 

<11.. I'N3J. Eru'ilOn ratc)' lnt' rdatclllO amounts of mnolT 
that k~l\'l' the surf",:c area alKt arc n:lim.:~lI wh!.'11 more 
w.ller infiltrate!'. tllm Ihe SUli IJrtlf11<:. Propcnies or the 
.,urrace co\'~:r such as vCl!ct~lIi(ln <llId organic mOlller or 
nll.:~ lIIulchc.. c:m illl:rca:,c Ihe infihratillll CalJacicy of a site 
(Nyhan and Lane, 191'6). 'Inwt.'vcr, incre ..scd infilmuion 
into Ihe CliVer c;m polclltially Jcm' 10 more water n~achin!,! 
11Il' W:lstC. !lO there ar(' nadcoffs in cuvcr design 10 opli· 
mize hOlh the I~mnuntli of runoff and leachate 111411 arc 
gCllcr;lted from prcciplluriun. 

Vegetation C'Ul modify i'Hjll11ois~,urc prolilcs. sugl!C'Sl.ing a 
hypothe,>is for the tr.ldcoff between runoff and soil nwh· 
tUTC storage: runoff and ~rosion rules can bc rcdui.:cd to 
accept~lbly low levels h:, maint3Lning':l high percemag.e of 
ground cover from vcgeiation and gravei mulch. and 
scC'p:tge call be reduced by using vegetation (JUll is deep­
rooting mul c·~erf!reen. In addition. problems with roOI 

pcnettation It-nQ thl!' wa!>tc can be minimi~ed usinp 
bioharricr... ntis hYPolhesis lw!> been the focus of :", long­
teml study at Material Disposal Arcil B (MDA B) at Los 
Alamos Nationotl ulhor'llory belwecn I ~)N7 and 1995, A 
field sludy Wns, designed 10 test the interactive effects of 
soil surface mul!;:hl"" millie or gr-flvel and I}'PC of lfegela1ion 
cover on component.>; or w:uer balance under mnur.,d 
precipita1ion. One of tht two major vegetation types tested 
was an O\lCrsiory of lubi)cf rabbilbmsh (Cllr.\'~Olllamnu$ 
1I(111Jemu.\'). an evc:rgrct·o IIhrub (MicJke~ 1993) observed to 
be ltrowiug year-round al to!; Ahmtos and having mad­
ilium cominJ; depths of 4.5 III (Tierney and Foxx. 1987). 

Rabbilbrush is not an c'/crgreen ptam M.tch as a plant like a 

pondero:ru pint. but even If tabb'tbrn!,tr loses its Icuvcs in 

the early wimer. this plam can still lmnspire beC<U.lSt: it bas 

grcc:o Mems. The olhcr vl.!geuuion type csl4.tbli:dled on Ine 

ptals was a plant cover of mix\:d grasses :.\nd forbs. on.. 

scrvoo [0 be <Iclivcly growing predominantly during the 

l\.pring and summer~ Te!'Jting thi!: hypothesis rc.-quires a 

long·tum! data set, nOl only because regutations for 

radioactive wastes require long-tcmll:Omainmem, but 

because of t I ) high variability in precipitation among. 

5CaSOJ1S and across years, and (2) changes in \'e,;elaIHm 

thmugh lime. 
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MOA Ii \V;I~ selected fllr Ihi~.; slUdy f~)r "",'.('ral n:"-,,olls. 

This disposal me;1 jl. b::ucd nn a .IHC'~a [UP similar hl 
!ic\'cml u(her landfiHs lital WCIl.' (Imed inch!.' Jt1·U1-.;.1I Lo'> 
AhLmns Nation:l] L:,hof4llnry (LANt). M[)A B It"" hI:~n 
the ohj~cl of a Ilfeviolls fidd study of hioh:lO·i..:r", ill landfill 
CO\'crs (Nyhall C! lll .. 19H(,), tn mld!!ion. ClIm!m "~'gula, 

tions prC'wni Ihe inslallalio/l or 1.!iftl:n:l1! \:Ilvt:rs Oil Ihe 
sarne Wli!llc site, so Ihi", "'lid) repre"~~llI'" a uniqlle IlJ1Jllll1t1­
nity lor it \.'ontmlled ~omJlario;un Ill' dilTcren! nm.:r In::II ­

menI:;, 

The following secllons of lhi:.; I·l'(lllri dl.·s~'rihc Ille luslnry 
of Wilsie (Iisjlosal and pW\'iolls field sludk's :II MDr\ B. 
documcliI the mClhodoJo~lc'i uwd II)' members nlthc 
environmental Sdcll(C' Group, prcseBlllh! field d,ti:l 
collCL'led for the Dcpliruncfll of Enl.'rgy (DOEl En\'iwll­
menial RC";(oration Pn~r:un hc!w,~cn 19~7 :lItd ]IJI)S, :md 

demoostnlle the utililY uf thii\ field dill;1 fOf impmving Iltl' 
application of 1;lOdl1l1 covcr rcdlOnlugy :11 tl" Atnllo'i. 

A, mstor~' uf Wastl' IlOil' :It MllA n 

MDA nwas pmhably III~~ fI,:oi\ ..:nmmoll ..olid \~:I'I(' l,uri;11 
groulld U~l!d by L(~'i Atlll~l)\ Nali"llal! .ahoraltlry (R(lgl!rl(, 
1917). TIll''' di~I'OS'11 JfC':t j, k"'"iJll'd 1)(\ a :1imO\\ Cil'o\w,ml· 
trending nH,";1. whn~" ;;.('.tllh ... "iI.' j.; aprfll\ illl.llt'l~ 30 m 
rrom a canyon lrihul:lry I" too; Abmu.. Canyun (SCI: 

Figur~ It ~1o!"! srecifil'.llIy. II k,,:aleti Ull Ihe ..Dulll ...i"~ of 
DP road. :.lppw\im;l!cly .t!\X In l';t'il uf 1!1l' illlcrwt;liml uf 
DP Road tll1tl Trinil)' Dri\'C' iSE !f~ "l'C. 15. T. P) N.. 
R. 6E.• and SW 1/4 scr. 14, T, 11.).. R, bE). Approximate 

acrclIpc il'l 6.01, thl~ WI!!>!CIllIWn Ihirds nf which is pfl'S­

ently C(.\lc.'ed by :1 layel' of <'I'iph"It. Elcv:nilln of Ihe :tr~1t 


f3nges rmm 71 SO rl al the! (.';IS( end 10 7231l f~ ,II the weM 


end. 'nlc MDA n W:\Slc di!ipos:!1 pits were CUI in Unit J" 

of the Ts.icrc~e Memhcr ~)r the B.mddier luff and thl' 

thickness or the luff bencmh Ihe lhspusal pits is I.'sdnM<.'d 

10 exceed 240 m (Nyb:lI1l't al.. 1()X6·.. Dcplh tu the wah.'r 

table is I!stim:llcd 10 be J65.K III hCIlC,lIh the )Ourfa!,:c nf the 

mesa. 

Based nn rnCl1l(,!' dnll."d Julv 5, 19-'5 thmu!.'h J;muOIfv 31, 

1952. atld on acri:d rholOg~,\ph"i. Rngcrs 11977) rCl~lrtcd 

thaI a s~rics of pit:-; w,,~ u!>cd ltt MDA n (s;,'~' fi~l!rc ! i. 

Chemical wa:\t\!s wen' hurit.'d in Ircll(.'hcs 0,9) lO \'~2 m 

d~p. 0.61 III wide ttl 41'1 dl.'C11, :lml of V:U'yillg l:~nl'!lhs. 

TrenChes of olncr sizes WC-Te :\Iso used 13,(;h In tlcep. 

4.57 01 wide. t) I ,44 III lung). 'fnlal vnlullw of th~ pil" aftcr 
~C!dllC'illg Ihrt!l~ Icci (\ll:tl\'1.'" mml.'nal W;L'; ~.'~ti11lawd 10 be 
~1,40() cubk meters (Mcycr, 11171 i. 

The ctlll1;lI11il1;l11olJ Ill' mall'riab illlhcsl.' pil.'. Cllllsish "I' ali 

lyP(:s of rmllU;tl.'li\'4,.' mat.:rials u<;c\la, Los Alamlls hut 

rnnl'HIl v('ry liult~ pliltonilml: It.''\s th:m Ion g (1" PII.'\·' fnf 

the I.'min,· arca (~·lcycr, 1951 I. AppmxinHltl!ly 'J1l(1. {If the 

W;!sIC t:unsi~led llf pal't.'r. 1':1);.. , rubher gluvl'.... gl;I~"w;trc. 


:md small ,1pjl:lrHltIs rl:u:ctl in c;mllmanl huxe" and sc:!k'll 

wilh lIIa!o.kin~ tape h.y thl.' wash: nnginaloL AI leasI Olle 

ll'ud, .:.'onl.!mimIICd with fission pmtiuu\ from Iht.' TrilUl) 


I(.'st i... "ho huried ,\I MDA B. 


llnlik~' current prm.:tkl''o uf layering W.ISlc in pits. Ihe 

MDt\ B waste lillcd Ihl' dl'!llh :md width "relll' pil!> befr,·,t' 
Ihey Wt'n.' {'(''''I.'let! wilh had,lill. /\S;t re~III1, shunI)' al'h:r 
I\lDA B was (:lnsl.:d ill 1947 st;hsidcncl.' nc~urr",d. '[1le 

~'n\'(.·r over Ihe pits Ihell W;t,'" reml.'dialcd hy tI~ing 11K' un':! 
fOf disposal of Ilonconlilmin:licd cotlcrete and 'Ioil from 
cOiNruction siles (Rugers, IlJ77), Around I%b ur 1%7. 
Ihc wl~slcrn t\\'o-thirds of MDA B W:l~, l'(lv~n...d with ~I hl},l'r 
of 'ISpllill!. 

A more lIcl4lilcd Ili"'ory of malerial disposal IS, presented III 
Appendix Q of the Los A),mtos N:uional Lao<'lHnory 
Environmental Res1oration Work PI:IIl for N(Nl.'mhcr )991 
(I,ANt. It)') I }. 

n. I'rt'\'ious Studies at MI)A U 

SCvcn11IlrC\'ioIlS l.ludicli have o~:-currl'll al MDA B. These 
pro\'id~ Vil!\l:lhlc dill•• for allalYl.in!! thc ClIrrclll slady ,JIll! 
fur designing W:I"IC covers. In 19(~6. the US Geologic,,1 
Survey i!wcstigillClllhc \Iistribution of suhsurfacc muisture 
nnd pnlenliallTligrating contaminants in the Mlil ~lIld tuff 
around the perimeter of the 'iitl.' (Punymun and Kennedy, 
1%6). They found that Ihe moisture content of alilaycrs 
was below s:lIurati(lIl, tIm! there was no evidence uf lateral 
mij!Tillion of c{lIltmninanb, 1100 that II sli!,!hl i.u;rcase in suil 
moisture nt dCflths of 3.7 to 7.3 m (llung the upgr,nlienl 
sid(! nf the site illdic~ltcd o.;li~ht lalcrill moisture ltllwcmcnt. 

In 1970, ClIIK:enlrations of plUlGllium and slrontium in soii 
in and adjilcem III Technical Arl.!<l rrA) :! 1 I wht'rc MDA B 
is hx::ncd) wer" cSlimmed (0 determine deposition of 
plutonium fmm ventilation stilet. emission (I..:t:nnedy mill 
Punymun, 1971 J. These data q1mntify a significant. input 
SOUl'Cl' of Pu~'~ in surface suils, illdcpendcm fmm Ilml 
disll(l'ol.'d nf III the lTCndR'S :II MDA B. In till: 1:lCc 197t1s, 
ah()\'c-hackgrmmd cOIu:clllraliulls of A!ll~II. Pu~\'. PU~I", 
{'sIn. <II1t1 U Were IlH.'asu{l'd in ~urf'lI:e suib and vcgclati<'" 
iI[ MDl'\ B iTrod,i. 1977 J ,tnd WCfl' allfihlllcd 10 depll~i\ioll 

(It ~wd clllh:o.i(lll~ fwm'l sourcc IIcar 1\11)A 13 ami from 

,; 

http:allalYl.in
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suhsid,~lIcc ami Cfllsinn. mdCll1 hurmwill!!. and plant 
upJake lakin!! rla!:e wilhin MDA B. 

III 191< I, .... I!£clmi\'c co\'cr ami ruue IIislribll[iom Well.' 

{'stimalc\1 at MDA B ITk'nwy mill h)x ...... It,!,!::!). NUilll..'rm:" 
mllivc )\pcck·!. had rccnloni ...ed the W;I"lC ",ill'. indmlinJ:!, 
many pOIllk'rusa pill!!s IPitlll.1 1~(mdl'm.\ll).lh~ larg~.ruf 

whkh wert! 16·-27 year!. old. Several pl.ul! o;p!"cies ihat :!I'~' 

associalcd with di<;lurlll.!d :m:iIS were also prc\':t1~·111. The 
~li'iIUrb'lIIce was rC'lillt:d 10 ,oil sllllllflin,l:! .1Ilt! hUrrllWin!! hy 
pophc-rs.. AI []IIS tilll!..'. mllino\lclid(.' COTI":CIllr:t\klll",; ill 

plants. !'oil. and rntiL'nI'i w~rc.· :th.\) I.'slimall!'li (Wen/d 1..'1 al .. 
11JY.7). TIl(' mdilll1l1r.:Jidl' cI'llccmraliolls in pbnls wen' 
t!lcvat<.'d abovC' wurld·wide f:lIlI)t1II'OnCcnlr:liil)ll". nmsi ... • 
ten! Ylilh ohscr\';niOIlS Ihal plam mots had p(.'Ill'!lmh.'d Ihe 
covcr .tnll fmd ;tccc"S\'d the wash~'s, 

In 19X2, Ihe cover oi Ihe Vl'1;Claled ponion MDA B (Ihl.' 
ca~aem Ihird of th~ entire MDA n sitt') W;IS mt'ldificLl a~ 
pan (lfa remedial aClion (Nyhan CI ill.. Il'l'(6). The "'Iutiy 
lesled it conventional \\'asl(~ ~·l)n.:r (Ihe "ontwll against all 

improved !"'m'cr Ihat includcd ;t hioh:tl"ricr dcsigllcd 10 

prevent (lcnctntlinn illlil [he W;lsh.' hy plant Wills "nd 
h\llTOwin~ animals:md III :oil'{VC "S a harricT hI I\loisllln.:' 
!low (Figures 2" :md lb). Tlw ptnfile of the cOnJrol plut 
("ons.isled of aboul 75 em or crushed tuff cLlvcrcli wilh 15 
CUI of IUPS{lit The impm'lr'cd design con';lslcd of 7S I.:!H of 
1(1·10 31J-t.:m dial1n.'ler cobble covered with :?5 '.em of ~· .... m 
or pmvel. The surface of {he Clilirc :trcil was seeded with it 
mixture (If nalive gm"scs and o.:overcd wilh a ~traw mukh 
In minimiz~ cro);iun during ~ccdlillp I!:->Iahli!'.hmcul (Barnt.''i 
alld Wan'CIl, 19XB: Nyh:m CI :11" 19K6: Nyhan, l'IX9). 

The effcctivcncs!oi of the I.:uvcr.; Ihal v,'crc inswllcd ill IlJX:? 
was studied by measuring soil moisture and planl mHI 
pcnelralion through the ('{wcrs. rite results of ii tllrec year 
study imlicutcd that ( I) all three cup cJl.'sign!'. pn:\,cntcll 
phlllt «'101 intnl~i{ln to the simulaled wasle underlying Ihe 
cup!-: (2. mOSl of the incrc"s" in soil water stumgc within 
Ihe covers, and all 01" the Sl'l'rOl~1!' through Ihe covers wm; 
associul:.!d with snowmell: (3 I tht hioh;UTicr fUllcliuncd 
effcctivciy as :1 c:lpillary barrier and reduced thc ind,lem:l' 
uf percnlation: anti (41 evapotranspiration circetivd} 
prevemcd perculmion into h;u;:I,.t'iU during tl)(.' Mil11 mer 
months rcg:trd1csli l)f ..:ap design fNyh:m Cl at.. 191-:6: 
Nyh:m, 19K9). 

Smn' illl' '.'C);.l.!"IillI\'t.' .:m·cr (.'smbllsh,,"{! in It)S2 r(;,~l1ltc" ill • 

hl'h:.'I'tl!'.cncuu, lui\tun.' of gr:lssc!; :lnd d(w~r wilh M:vcml·: . 
arc;!s Ill' han.' 'mil .I";W"S the wes.l~m portion t)f !'viDA H, . I 
1/1t' entin.' ';1(' W.l~ diskclllIl IlJX·1 allhc swrt Ill' om EPA- "i 
'pommel! pro}.:'.:t ([lames and Rod!;!.'!";. 19~H). Twelve' i 
slmly plOl!-- WCR' ~~!itahli ... h~d un lhc ~ill' :It Ihe I{)l'atiow; 01, ! 
III(.' )l10!!>. in i h~' ;:urr('111 "tudy {ri~\1 rc 2a I. The site had pIll 
wilh !lncl' IMh::n.'l11 '1uil pl'Olilcs (fil!lIrC ~b) and fmlr 
difl~n:,n{ MITI:ll"': Ircatmcll\s. Two IrC(ltIl1CIll~ run .. isl\'d of 
rahbiliJru,h tl-!!al. Sill:) plallu.'u :11 dilTcrclI1 dcnsili.~". 
B,(.',ille.. Ihe hare ~nillrl'illmCnl, Ih\! 1",lImh tre~tmcm 
cnn~i ..[cd (If :1 vc!!clalcd ~(l\'(,'r of sand drnpsecd 
IS/I/II"ulm!Il.\ !'I'Y/lr.tJldr/l.~), willeh wen' plahlc\l ;IS 25·clII 
hy X~cm plug" Thb Iwo·YC:tf 'illldy denHHlSIr;lted ...t!vcl"~11 
lliflcl'!....llcC" in soil Wall'! wilhdrawal on th~' plot~ "" a 
functillll (If \'cgclilliw C('\W and ~'olllpar~d prcdK.,tinfls "I 
s.oil lll11isll1rc un the silc using Ihe CREAMS and HELP 
models (Ii:UlICS CI aI., 19~6: B;lrnC'~ ~lIul Rodger.... 19Xi. 
IlJHx: lhmll's ;llId Warn:lI. 19HX: blllet!.'1 "I.. \lJXl'I. 19XI.) 

C. CUrrl:nl Slud~ 

Till' ~)ipl.'rinlcnt'l1 (k·..ign {If Ihe !ung'I~T1n w:lI':r halance 
'iwdy :11 MDA B h. dOl'mnclllcd In deHtilm Ihe work 111an 
for TA·~ I tLANL., liN I ). Briclly. Ihe C').perimcullillksi~ 
cumistecl (11' ililplying !le .... stlrfae\.' IrCiIIl1ICnh In till' 12 
slmly pIn" 13.(15 nl hy 10.7 IU) l!'it'U fur the EPA·fund(.·d 
'!tidy. Follt sUrf;Ii."L' Ir~'alrnellls tgrotS!; with gravd t;o\'cr, 
~"IS" with no gra\'c) nwe., !ohmh \\ ith !,!favcl cuwr, and 
... hrlLn Will: nil ~ntwl CU\'l.~rl were lIsed on plots :II cw.;h 01 
thrc\.'IVCitlinns ulll!!c silo.: (Figure 1), SoH moislUrc, nllwl 
lIrc~ irilillion. ami ,urf<lI:e cunditinn.. ha\'\.' Ocen numiton!1 
s.inc~ P/X7 :md sl'llimcnI transflnn wa!> munilored ~IWCC 
191'17 ami 19K9. 111l' ohjeclivc or Ihis "tudy W:IS In de'er­
mine the- imcfiu.:ciw "fteelS, uf \I('gcl:llion cover .1I1d lise 0 
gtilvcl tlIukhC's on runoff. eros.ion. :lnd suil moislure 
slcmll;c. 
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A. Plot Construction 

Th~ soil and vegetatioll co...el'~ from the IlJX~ sludy were 
modified at slmllow dc-plhs III ('!'Calc three suil rrofilcs 
(Figure 2). The I.'asl OIml wcst portions of the 'lite stlrf,It'e 
were replaced with a st::mdard trench cover consisting of 
147 em of crushed IUrf overlain by 75 em of IUlhOil. The 
topsoil profile for the castllonion was sandy c1 ..y loam 
(~30 em), ~;andy loun! (30-45 em). ami :1 mixture of OIlC 

llart sandy clay loam 10 one plll1 sandy loam (30--45 ern}: 
the WCs( profile W~IS );undy <:Iuy lomn en-I S ~m) mul a 
miKlure or one pitn sandy day loam to two pans stlntl)' 
IOllm (15-75 em I. BOih tlK (':1'1 :md Ihl." west profiles wcn~ 
underlain by 147 em of crushed tll rf from the nIt! wash: 
cover. The central profile inclUded n hiohilrrit"-r. desi!!.ned 
10 prevent pcnctralion into thc ww;te by plant roots ;'ld 
burrowing <In;nuils ((l serve ,,:-; a harrier to moisture Ilow. 
Thi;:; center prolil~ consisted or !>lIfHly clay loam 
(0-15 COl), sundy loam (15-611 cIlH.15·r.m diameter gravel 
(60-75 cm). nnd HJ- 10 )O'CIIl diameter cobhle 
(75-150 tm), underlain by n cm of cru:.ncd (uiT from [he 
old waste cover. 

Four cover treatment plots were instalbl on each of 1he 
l'hrce soil profiles (Figure 2). These werl' shruhtgwvcl 

(shrub cover with gravel mulch), shrub/hare (shrub tover 
without gravel mulch), gms!<./gravcl (grass cover with 
gray!!:! mulch). and gr<lss/barc (gnl:\s l~OVCt withoUl gravel 
mulch). Each plot (3 III x II m) wasllricnlcd with the lonl! 

l.B 	 uis pamllello the ~(}Ulh·racing slope of the sit;;:. Downhill 
slopes (along the length of the p!ot) ranged from 1.910 
6.9% (Figure 2). with the ~lopl:s acros~ the width of thc 
plol~ being less lhan O.7C'k (Lopez ct al. J9aR), 

B. Hydrologic Measurements 

~ughout the entire study. precipitation W>lS mca'\ured 
usmg a UOlvcrsul Weighing. R:lin Gauge. The Iuciltiorl and 
~Ul collected daily from this gauge is prcscmed in Ap(lI!u­
dices A and n. n!!>pccliveiy. In 19K7. an Omnidata mCICl)' 
rotcgicai stalion was installed so IhHt we could alloto 
~~~re solar insulation. air tempenllurc •• md wind !ipecd 
: ~uCCtion. This data base is currently m<ljnt&lincd in the 

VltOnrnenltil Science Group Llut"l archives. 

Measurinro vol ' III Cam co u~ctnc water conlent W:IS pl.'rformcd using 
(t"PN pbcll Pa~Jfic Model 503 n~lltron moisture prohe 

Corporation. Pucheco. California 94553' Serial 
Numbet4519) AI ' " . ) of the aluminum 'Icee" tuhes wcre 5.1 

-, 
f:. 

"' .. 

....:" ,
em diaml!ltI. ,IS spcdlied in thcc:llibmdoll uf cilch ur Uw 

'~ 
.­

"'I" ..!>oils in Ihc Mud)' arc,l (Nyl",n ~l .11.•. 19\)41. Thrc(" acc~~ss 
~. 

tuhes wcr~ inMlIllcd ..long. thc lung centr~11 md'i of each Illm 
10 a maximulll 1I1!plh of 11111 em ~in tile cit." and W("SI 
profiles tlnd !u (~n em llll Ihe ~:er'lr:l1 profile (1 m~asurc soii 
moi"lun.' wilh OIficulron probe- (these tubes arc numhered I 

.....r
!hruugh )(,t. Snillll()i~ture was '1lso me.lsurcd in [ubt!~ that 
were slill in place fmlll [he 19S2 slud)' (tlrcs~'-lllhcs wcre 
Ollmbered ill [hl' 6IKIs), fur '\'Iiidt Ihe maximum tlt-pth was 
IKn em. In f.cneral. sui1 moisture w.\S mC:lsurcd :11 depths . 
of :m. ,m. 60, XU, and 100 (,'01 fur plots Ulllhe casl (Plol:-; 
1··4) ~tnd we!'! qllols 9.. 12) pmfiic . .;: atttl :11 (l.;opths of 2(), 
40. and 611 t:m for plots 1m lilt' ccntrOlI prolik i Plols 5-·/{t, 

The l\lc~tlion 01'1111.' a("l:~t\:\ ItIhcs is ShllWIl 011 a map pre­
sented in '\Ppclldjx A. and the ~mirc -;oil maj"lUrc data 
hase is pn:s(."me~1 in Appendix D. 

Th{! plots were bordered wi[h mew1 :itrips to prevent 
overland Om-vol' runofr from elltering the plot. nil,.' borders 
were made of 25 em wide me\.\1 ~trip!' il1slallc~1 so ihal 
16 em was illscnl!d in thc soil anu l) em extended above 
the soil surf4lCC~ On lhe downsl6pe <.'Iul ~r c~ch plot. :I 
40 ~m·widc. 14 gallgr: metal end plate with a 5-cm lip was 
inscned into lhe soil !;O Ihilt the lip Wil~ nu!o;h wjlhthc soil 
surface. Total nmofrfrom eachof It'll! 12 sluliy 1l10(:; was 
collected hy Ii gutter sy.\lcm at [he lowcr ~nll of the plot 
lind divcned through a tJuried'drainpipe into collection ' 
lunks. The daily runoff cia'" is summarized in App~'ndix E. 
Runorr \loluml!,(l) wa!-i iniliallyestim.at~d by me4lsuring 
water dC'fIih inlhe collection t:ltlks. Calibration cur\'c~ 
were used to estimate w:tler volume in the collccthlll Illnks 
\.IS a function ()f dcpth; In May 1993. an automaicd -"yMem 
was inslalled to measure runoff volume,1i fmOl the plots. 
using a comptllctized sYM<.'m of pressure trallsducers to 
measure water leve! in the mnnff collection tanks locatcd 
on the south side qr the pilot ~tudy arCt\. 

",
i,.; 

I 

Each or lh<!~e nmoO"lanks is now equipped with a sub­ . -.. 
mersible pressure dcteclOr to cuntinuuusly me>lslJJ'c th~~ 
water pressuJc mld tllllS I.he wmcr depth occurring during ~IJ. 
snowmelt ,lilt! sunm.':r runoff cvents. A'submersible slimp rl 
pump in the bo~tom of Ihe tlmk pumps W:1tcr from this Ii.mk 

~! 

to 01 !'icl:ond ~arg.e lunk for hackup .uul nverflow meusurc· . 
mcnt. Pressuremonituring. datil logging. and pumpcolllrol 
arc pc'rt'omlcd hy ;JllCNlIlal computcr in .1 wC:ltheq1roof. 
cllclmurc mmlnted nn the !iOUlh fence of MDA B, 



•I 

Druck Inco'1)(lr<lIed depth Inm"ducl!rs emmlel 940) were 
placed llOrizonlalh'Ol1lhc lxmmn of the milks. This -'''cnsor 
is a ccmpennurc-co'lpllnSated h..l.mcc,! brid.!,!.c that i'i 
exciled by 9 " DC and hm; n nominal oUlpUI of zero \'olls. 

T~ device OUlput is ratiUnlClri<:: the output i:; propol"lil)mll 
to the eJl.cilalion. In order 10 Ilccllrmely mClIsurc the 
cxcilalion over n 5U nc:lble. the cli.cilmion was pruvided 
by one p".ir of wires und was I11C:t:i\I refI using <I sL"clind p<&ii 
of wires connecled dircclly In the ""vice, This. ,lrWl1gc­
mcm eliminales en-or~ due.' tn cxciUl1inn vohagc loss ill Ihe 
50 Ii cable. Volume dutil was IUl!l!I.'d 10 disk slor"l!t: hUlut)' 
m; well us for any time 111111 a significant C\'Clll nc(urrl.'li. 
When the water Icvc!ncnrcu the lOp of the tank.lhe ,JlImp 
\\'iIS HInted on fQr nrrrmdnullc1y 20 sL'(ond., 10 n~ttUls che 
waler level co ncar Ihe bOllorn of the t:mk. Water volume 
cll1ibrution WlIS achieved by logging presslIrl! sensor output 
at five levels of manually mca"iurcd water volume. 

The power SOII1..... j""r Ihe inS(I'UmCIlIS, computer, and 
pumps were iwclvc voh b.lltcrics, which were rechuQ,1cd 
and maint:tined by a convcruionljI chllrp.cr and :.:m:1I1 
lmnsfonners.ln cuse of AC (lQWCf illlcrruplion, the 
electronics aod pllmp~ will opcrmc for more .han one hO\u 
011 a fuJi ch:lrgc. 11\c waler heal!.'I"> for freeze prolcl..'tion 
opet'dlcd at 2K v AC. 

Cllmp~11 Sciclllific (I!rnpcrmurc probes (mudel 1(17 B) 
were pluccd nlongsidc rhe [Irl'ssurc senr.or~, liS welt as ill 

\ (he personal complIh:r. the battery churger ellclosure. Imd 
external to the enclosure for nll!iISlIrcmcnt of amhicru 

t Icm(k!nJturc. These devic~~ inco'l'kmned a lhennislor "nd 
resistor in series with a I K uhm "en')ing reSi!\lm. EJiciul­1 

I 
i 
I 

han or minuli nine vohs wus applied to the device. The 
voltage drop across the I J.: ohm scnl'ing resistor indicated 
the current through the device. and Ihcrefore (he rcsist:mcc 

j of lhe Ihemlislor. Sin~e tbe OUIPUI was raliomcuic. it wa~ 
i nCC~l;""ary to me:l~U'C the e:cciultion yoltage m:cur~udy. 

A Smith·Gille:. walcnighl tlulonll.ltic w<ller warnH!r (model 
4S(J..5()A2) was placed in Ihe bottom of each nmnff umk to 
keep Ihe nmQff from freezing in Ihe winter. The wuter 
wamll~r conh\ined an automatic Imcmtll thcnno!>tal. hut 
power upplied to il Wl.I!I controlled by Ihe computer. II hlld 
a power rdling of 450 WIIUS at 12U If AC. which coffC­
spund.. (0 24.5 walts at 2R \' AC. A lcmpemturc sensor in 
the h(.ltom U'r Ihe lank WitS l11os1ilored b:: ahe computer. 
which activated (he \II,lIer wanner when Ihc Icmperdlurc 
reached IWO degrees Celliius. The only ~PIK:C ~.ned W'IS 

the wut~r in the :HI--cm dil.lmctcT mnks. 

{' 

"~J 
lil:;!llInillg-indurcd tfill1Sit~lits f)n the incoming power line- J 
were suubbcd Imd bluckcdhy (he vuri!'olors and ,I llhcr. " 
FIlr1!ll:-.r Suppl\'ssinu of JX'\vc!." line volulgc lransicnts wa!\;~: 
'1i.:i.'umplislK'd with ;ulditioiml varistors, The purpose ur th/:~ 
diod~ i1clwork~ lind adopter... wa~lo pr01ecllhe elcctronic~1:, 
from lightning indtlced Inm~icl1t .., . ~ 

... 
,\ few runoff s:unplcs wr.rr. collct:ICd mid pn;...:essed (0 n 
detrmninc tuml sedimellt yield fwm each plOi (Lopez ct· 

ilL, 19XH: I~ANL. IY91 ~ ~ce Appendix Fl. Sedinl'.!nt yields 
from each plol fur each rul~off evellt were measured frum 
April 19H11hrough Fehruary 191\9: Persll nncllimilatiol1s 
IlreclllCled ~onlinuou." mC:Asuremcnt of Soillo!is on IllI plnh 
frmn Mil)' Ihruu£h October .989 !mil emsiun wa... me\!­
slIrt*d on only Ihe wcst sui! prolilc {PIOf;i (}-12, which . 
inl'ludcs Olle 11101 of c,ach cover l.-emment rype): Snowmeh 
runoff from :111 plot:; wmlmea:mrcd in Ji.lnuary .md Febru· . 
my of I991. Sl\h~c(Jucnl ~rosion ".lea'iurcmenls were nol 
\lbl:lincd~ Till" plots \Verc instmmemcd to collect sl.~Jimclll 
in rnlg~ durin~ the 1'..11 of 1993. ufl~r the <lu'(umatcd nmoff 

collection ,,),stcrn hud b.!cn instulled. but no mnoff oc­
curred dudng the 1993 to 1994 WinlM. ant! hence no 
:;cdim(ml WilS collected. . 

The w,lIer tml.lm:e equalion given belo\\' Was .so\vcd for 
c~h lime period in the !itudy by Ul>ing Ihe pn-cipitl.llion UJI{ 

rUJlofr dau. described previously. . 

;\s:: p. Q. L .,ET I 
I 

where: ~I 
AS =: c!lunge in soil wmer SI{)f'dge . 


p ;; l)recilHUllioll 


Q= runoff 


L :::; sccp.,gc lJr percol:uktn . , 

BT = cvapolrnllspimtinn 

Evapotran~pir:llii.lr; W;:)s dt~tcmlincd by difference after 
c~linmling ,the change in soil WIlier inventory and seepage. 
Soil wlliCl'invcnlory wus 'C3Iculmc\.~ for c:ach plot by 
c~lIclllatjng die ;lVCr.lgc \'ulumclric'w(jlcr contellt Cor Ihe .~. 
20.,40-, and 6O-cm deplhl> (lhree locations PCI' depth), 
dividing this number by IOU. and l1lu1tiplyingthis ·rcsuJ[ by· 
60 em Clhe.thickncl>." of th," landfill covet' ).. ... 

http:Evapotran~pir:llii.lr
http:lmnsfonners.ln
http:chllrp.cr
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Wilen the origm.tllilndftll cover rcstOl'ution occurred <II 

MDA B. we were not allllwcd 10 insjall .1 S(.'cp"He COllCf­
tion !iY!item over portions of the old wastl" cover 
(Figure 2), e"en though lhis would have bel,n the besl 
techniquC' ror mC:Nlring Ihe 'icepagc [,nil oflhc w:llcr 
balance c~lIation. Thu!O. tbe watcr bJlimce ealcul:uioll,' for 
1:1t" study plots were pcrforo1cd 011 the 6()'\'Ill-thkk I;mdlill 
cover 1.lyer. wilh l'cef"agc estimated by increases in soil 
waler itl\'l~nlory <llthe XU· aud IIKJ.cm depths for Ihe C<lSI 

and wc~t plots. mul by incrclIs~'s in s\lH waler inv(:utory :11 
[he 160· and nm-t:nI d(,'plhsthellcath Ihe biobarricr) for 

the central plots. 

Detailed srHph!. of the waler b:lbncc calculations (lr~ 
pre5clll<:d for each sampling datil in Appendix O. 

C. Ve~etalion Mcusurcnu!rtts 

Treatments for c.lt;h soil profile included Iwo vegetative 
co\,cr.:;: f .....O plots with 01 shrub ovcrsl<Jry of mhbcr rabhit­
brush (ChT'}·sOIllunlllU.\ mIl/XI'(J.HlS) and a sparse understury 
of mixed grasscs and forb .., ami two plots with" mixed 
grass and forb cover. One plOI from C(lctJ Pilir wi[h the 
same planf cover was mruJol1lly as~igncd a gravel mulch 
1reatment The gr:lVcl had :J diameter of le,>!-- than J.S em 
'tnd was applk:d at 13 kg/m~. Vegetation wa!. pcrindi<:ally 
mowed 10 rhe nonh of the plot~ to mainl:lin llCCCSS along a 
dirt toad and on lhe south side- or the plots for 1Il~linll'n;mcc 
around the collection gutters. 

Plam canopy cover and ground cover (plalll ~rowu~, liller. 
and gravc:l) were estimated using a poim frame. Dt.,tailed 
procedures for point rmOle mea"urernelll" lIrc pnwideJ in 
Appendix Q of tile November 1991 Environmcnl<ll Re:'I!J­
ration Workplan ror Los Alamos N:.uion:ll Laboratory 
(LANL. 1991). Est imutcs were Oblitincd once in 1l)~7 
(October), three limes in 19l{8 (5 . .t::4---{i/lO, 7/19-·7/22. and 
8I2J-9/02), once in 19H9 (8/2K-R/31). once in 1990 
(71) 7-7/19). and once in 1994 { 1011 ). These data ;ire 
presenled in Appendix G. Leaf are:1 relationship); reporteu 
in Bam(::!; and Rodgers (19K8) h.we been used previously 
to detenninc leaf area indices from the t.:o\,er daw fmm 
MDA B. Sptterictll volum~ of Ihe cover ilnd canopy or 
each ~hrub was estimated rwm shrub dimensiom..l1lc 

. bi~mass of shrub cover has be~n cMimalcd prc\liously 
uSing rel:uionships between shrub dimensioTHi .lUd biomas~ 
(Bnmes and Rodger.... 19K~I. 

Ill. I{EStJl:rS ANIH)I~CllSSlON 

Tht.· hydmlogll.~ cyde ill MDA II ' .... as chanlClcri/.c-d 4u:m1i· 
tal ivel}' by sol v illg I he water bah.nee c4."ution un a target 
hlwcd.ly time ~I.:hcdule. In Ihis \V:l.Y we ",;crc,' ;Ihlc lO kcep 
all inventory of the w:llcr ~lddt!~1 (0 MDA B .... min and 
soow. ailll :tpponilln lhcs~' additions ·10 ch~mg~s ill soil 
wutl!r invcllIory (c:Jlculat~d dirccily frnnnhc \'(llullIctric 
W~lIcr cnnt~1l1 dalil collette,1 <II each "'\lnp1in~ deplh). 
t,!vilpCllranspimtioTl. runoff. lind scc-pa!;!c. Willer tlal'UK"l' 
dat~. i.~ presented jn 41 group of I~n figure;.. in App~·mlj.\ D 
ror e.... ery ~cl or IIlc.~sllrcm\'nts cnllet'lcd from March 19X'";' 
thwlIgh Jllf1l' 1\)1)5. 

A. l'rccipitllliull.Jlrolmhilities f~)r Study Site 

The ovenlll signific:Ult:C or each )'C;lT'S w.Iler bat-lIIec dilta- . 

C:llt pcrhap... he...t he und~rst(loJ hy firsl undcrstamling the 
spillial and tCffi(llll'".lltK:l:urrcllc\, or,lrccipilalioll OlTOun!! the 
Li1b(m.lI()~' (Huwcn, I t)911). Pr\.\oCceding frolll ~hc .lcmcz 
Mou!1\;Jins (lillhe ~c~'cm hunler of Los 1\1:U1l0", County to 
1he Rio GrJllde 11) IIH~ ca,t. Bower) ShtWiS that !He,m :lnnuul . 
prcdpilatit\n decreitses (rum 45.3 t::m al TA·5Y 10 only . 
33.7 elll lit Whit"!. RueI-;. Thl~ overall pallem of allnual 
m~all pn'dpitJti()o a;,,'rn~~ Ihe cOl~my (presented in Figurc 
::\.3 of Bnwcn. 1(90) leads us to believe that the prcdpiw~ 
tion at MDA fj cim he estimated by an average of these 
two rCp:lrtillg sUilions. each of wilich has a much Ilmga 
d:lta b.~sl! than tIt<.' precipil.nion tbtu b.lse· \\oc h;l\Ie col­
kt:tcd in UU( rh:ld study al MDAU. Howe-WI". ~ill~e two 
different prohability distrihutions of .mmmi precipitation 
are involved. wct!ccided 10 cumpared oLir MDA B d,ltOl 
witll (hc Lo~ Alan)(ls prl'cipilution dala. Usin!! the proh· 
ubility distrihutions of Los Alamos :.Irmua} precipitation 
(Bllw~n, IYI)()). we used a reg,re!>sion model 10 predict the 
probahility i ~') or ha.... ing an aOl1llal prl!cipilalioll event 
(X): 

y ~ ·3.6133 + (1.0751 )lIn X) 

(Equation 2) 

This mOf1c1 :;ul~ci~s)ifully predicteu probllhi1ity from em 01 
.IIUlllill precipittll.ion with a cucflicicni of dctcmlinmion of 
0.%7 ,!lid il sla.nd.ml crmr uf 7.41. 
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The infonmnton prcsl!l1lcd in T;,bl~ I has been ohlailicd 
from Bowen'~ rt.'p(ln, ",1111.'1. sunllllllrizcs prcdpil>lliull 
probabilities for Los AI:mm'\ITA-59; and from predictions 
or precipitation pmbiLbilitics fmill E4l1atioll 2 for t1Uf sludy 
sile at MOA B. The liata presented in Ih~ titS! COIIlI11I1 (If 
1'able 1 rcprcsciU the pcrcc:uaJ:!c of lime thllt prccipitalion 
is less thun, or c4uallo, the spccincd "moun' or precipita­
tion for a g,iven year. Thc frc4tlency or the: metlll al1l1l1i11 

precipitlltion C\'L~nt ocl,;umng ·within IOn ycal"ll is prescnted 
in the second column (all even! occurring SOCk of the lime 

is li~lcd as occurring. once cv(.'ry {Wt\ years. or (\ two-year 
event. corresponding III a prC'cipitation v:llue of 31). J em). 

TAULE t. 
ANNUAL I'RI~C1PITATION I)ROnAHlLlTlES FOU 

LOS ALAMOS AND MUA nSlUDY SITK 

!,~!lfI..\!~IJ!.~.il'jHW~'.!!..!S.!l1} 

Pcn:cnt:lA!c Frt.'\llIcn.:y 
of ':\'1:111 

Lus 
/\ \:1I110~ 

MDA·B 
study 
site 

Year or 
slUl..Iy 

S 5.0n 
u 

1·1l:5·YI!OIr 21t1! 

S IO.Ou 1.11·year .33.4 

~ 17.2'0 1.21·YC:Lf :n.R liN:? 

S 11).4 b 1.24,yc;lr ::14.,5 I t)1)3 

S; 25.0 a 1.3.t-~i:ilr )').0 

:S; 37.9 b 
1.61-)'cOIJ 4 t.f) 1994 

S 39.2 h I.b:'i·}ear 41.5 1990 

:so 4(U b 
1.67-ycar 41.9 19K9 

$ 49.1 b 1.97·)'C~lf 4S.!i li)l) I 

S. 50,0 II UXl-year 4S.J 

~ nAb H,~·ycllr 56.5 I'}!!X 

!;; 90.n:i tIl-year M.S 

S 95.0:1 95·...car 7·U 

"E,limales from Bowe.l i IIJlJlJI. 

"1~lIh;,hilil~ \';I1I11:s olllo,lIcll 1 nil II rcgrc~~illn ;lIliItysi, IIH>dd. 


Fmlll this analysis ufllll' precipihlli<)n dala. we \\10 now 
,~('c Ihe ovt·ral.1 Sigllili~iIlH:C HI' the precipil:llioll limO! 
cnllcctcd ill thi~ field SUlci),. which is li~tcd in the founh 
colul1ln ufTablc I hy l:illclltl~lr year (lnsl column). Of the 

n 
,

',. 

···Co .. ' 

!.:t 
" 

~C\'CIl full ycar~ of (hlti! in Ihis: study, we nb~('r\led two dry:"'; 
ycar:-. which \\owe ablJut once ill 1.2 year ~vents 11992 and ... 
IY(3), Then! were thr~t' years (19HI,l, Il)IJU~ :md 1l)~)4) In ~: 
which <t1ulIwl'prcl"ipitalion ranged frum 41,n 10 4 :.9 em. ~~. 
resulting inlli10llt 1.6-ycar CVCIlIS. Th& amollnt or prccipi­
till ion receiwd in 19<.)1 is su dose 10 Bowen's predicted 
2.0t)·yc:tr evcnl rhal we Oln.~ referring loir as such in rhe 
rcmailld~·· of ~his repnn. We \lb!-icl"vctI .. 3.62-ycLlrcvcll~ in 

IYXX Whl~1l the sit~ n'cc i\"cli 56.5 elll or prec ipi!..t ion. 

n. W~ltcr IJ:llanc(' Esti""llc~" 

The waler baf:mcc estimates f~)r c:Jch or the 12 field plots 
\...·ill he presented in the next three subsections lilr a once inJ 
IW(J~ycar event ( IYIN), for;\ once in len-year <-'vent ( i98ti,): 

. . -. I' 

and for the entire life .1frhC' field cxpcrimcn(. ': 

.t. A Once in'Two-)'ear E"cnt Year: 1~91 

. .. , . 

The water halanc;~ lima collcc'h:d in·1991 is summari l!:d in 
T:lblc 2. This'year \\Ia~ chosen beC<lUSC it was the first year 
of the ~lUdy ti.at could be c&ltcgorizcti as ;111 approllirn.ilC 
two-y~lr c"etu. The Jata presented in Tablc 2 shows lh..ll 
c\'apotrImspirat ion made up the largeSt component of the 

.!iuss uf lbe 45.5 em of prcdpitution from tIm plots, com­ ... .~prising 71 % of Ihe average acms... ",II plots. ~lowever. the 
" 

gmss plot withuUl gru\'('1 mulch (Ilumrer 4) eAhibited (mly .. ~ 
25.M2 em of cvapotrnnspimtion during 1991, largt'ly due to I : 

a loss uf 16.14 em of nlnoff during [hi.' year. Runoff was .1 
grcutly reduced on plols Ihal had .. gra\lel mulch in·1991. . ,11 
with the hi{;ht:sll'ullofr mles being found on 'he grass ploi~ • .: 
wilhou! gravel mulch. TIle shrub plots without gravel 

....
mulch exhibitcd from 4.41 to 14.m em of runoff. I ­

I • 
The seepage teml of the Willer bl,lllnc~ equation (described. I JI 

in nmn~ detail in SUbs,",CI ion 3of ParI IU of Ihi!' rCI'orl)c !.I 

\'~Irit!d J;reully froni rim \0 plot. The- u\lcrase <ll1loum of . I i 

s~epilg(! for all or lhe plots walt equul :10 0.92 em, appro,,- j_.. : .. : 


m:itcly 2,'ir. of the totill <lnnual pl'edpitution for 1991. A . r, 

lillie less secl):lgc was Ubl;CPiCd on [h" plms cOIl!aining the I 

shrubs. suggesling that shruh covers uppc,tr to ha\le . 

depIcted soill11uisture deeper in the profile Ihan plots with· 

gr.lss cover. ' 

11 

~.:
.;. 
I 



,ow 	 TAlU..l~ 2. 
WATlm UAI..ANCI:i:SI.IMMARY I,'OR 1991 FOR AU.. N.O'rS AT !\InA U. 

nth 'r{)TAL Jl'RECfIIITA'fION RECI~JV.EI) flY TUE STlJllY SITE WAS 4'5;5 eM•• 
Iflhe COR(U:~WONUlN(; TO A ONCE IN TW()·yft:AR l':VI~NT, 
iodry 
'2 and !Y.i!.!£tll.i!.~.!tls!!.rn9.!!!~I.CJJ.~!fl! • 
I) in .llm : Suil Willer !iliiLp<ltr,lH' 

em, T~afllll.'3ll Number LllCalioll ktlllOff S¢erage : i IIvtmtl.lf)' .! spiralioll 
xipi- !.hrub/t!r.lVcI I caSI (J.l16 LOU 2.7'. 35.f!2 
;ted ~ l.'Ct\lcr 4.71 1.611 111.26 :!tI.K:? 
the ') Wcsl 3.37 o.no 4.50 J7.60 
'ent ill l\!wb/b:,lrc 2 casl 14.00 0.66 1.55 2H.2(i . 7 .:enlcr Ij,2U I.M (l,fll 21f.59 

10 WC!lit 4.41 (}J)() 7.1." .tV) I 

i!C",\S,'gnt\'cI J C,ISI 7.31 0.S5 2.01 35.6U 
5 Wllh:r :un l.tlK 1'i,(17 3.t.52 

plots II wesl 5.47 1'(,) 2.95 35.43 . 
mcein grdss/h.!1'C 4 Cii~1 J().l4 (I.SU ,tUl 25.M:! 

1988J. 
 6 l,:CIllCf 3.9t) 1.(lM UI6 32.15 

12 w,;.~t tl·]2 !Hm .!,JiJ ~~l:45' . 
i\veragc IJf all plm,;: 7. (9 0.92 4.40 32.48 

1..ed in 
il year 
'late 
,that \ 2. A 3.62~year Event: 1988 
hhc i' 
1m· The water balance data collcch:d in 198M is summarized in 
" the Table 3. This Veal' WitS chlr.icn because i( wus [he wettest 
:i OfI)' year of the su;dy and could be. Clllc£orilcd as un lif'lllmxi~ 
due IG mate 3.62·ycur event ff:lble 1). 
was 
991. 	 The evapouonspirution teml of Ihe water balance equation 
s plol~ 	 was stillihe largest lenn, uccouming for an Il\'crugc. ;wro!;s 

aU of the plOIS, or 44.1.3 em (78%) of the 56.54 em of tulal 
prccipi'3lion received in 19M8. The ne'lllargesllcrm was 
the runoff tern}. wtllch accounted for an averuge (~iCroSS all 

eribed 	 plots) of T 6% of the 56.54 em of precipilalion. A~uin, two 
1) 	 of the plots wilhout the gruvel mulch demom;~r<Lled the 
of largest tcmounts of nmofl' mcnsured to d~uc in this field 

,,'Ox i­ Sludy. Grasslbare plot liUmber 4 ami shrub/bare plot 
A ~omber 2 lost 29% und 28'iS:. rcsllC'ctivdy, of the prccipila· 
ng tbe bOludded to tl1esc plol\ in 19KK. 

Although the secJ':lgc tennwas asmaller propon ion of the 
w.lte-r bahml.!c eqi.uuion Ihan the rimolT [em!. thc amounls 
of seepage occurring on tlil!se plots represent (0 our 
knowledge the largcsI11nlOuntsQf seepage mea.<;urcd on , 
landfills in ~\ semiarid environment. The avcm.ge across all 
of the plUlli amounted 1(1 3.5 em of flow. or ~rpproll.imalel)' 

. 
.J 

6% of the precipitation received by the ,o;ite.AhhouJ.!.h most 
or.he annual seepage ranged fmin 2 104 em for mosl of '" ,. 
the ptols (Table 3). plol number I with the shrub/gmvc1 
trcalmen! produced over 10 em of seepage, representing 
[~% orlhe mmu"l prccipit:uioll. 11,us. unlike in ihe two­
y.::ar event discussed previously.lhe water uptake ralCs oj 
'he shrub roots deeper in the )'oifpn..1 fi1i.. were much 
smaller thallihe .inl'iilrmion of water through lhe soil 
profile in (his wet yeur, 

http:IIvtmtl.lf
http:RECI~JV.EI


.l. Entire field Stud)' 

ihl~ W,IIt'r bal:lI1l.:l' d:II:1 ~·IIU.·i.:t~d m'1!T the> cmire life of .b~ 
field sHllly III <I;uc ;.. Ilrc..enlC'd ill T:lhlc 4 LLl ~'ivc lhc ,ill' 
OJ7er:ilUf Iht! ide.l uf wh:11 dl;II'l!t')o. It' l'~ reel Uh:'f :111 ci~l\l 
)'I:ilrtirne period iii ~lt>A B !fmlTI Mardi 1(1, ftJx7. 
Ihmu!!h lIllie" 341, If'95 t. Sinn' IIlU\l of lhe years til' Ihh 
fiocld "'lUdy \\>CI'r' nol m.e the 3.62·}'~ar ¢\lcnt dl~'u"l;t'd ill 
!he Ilrcliious M!clion. we s!'oll!.1 eJ.I)I!t.·II~' '-CC' :>.lllilllcr 
JICrccnlll!.!Cl\ or flmOrr ;tIltl scep:lge lind i\ 1:lrgel' !ICrCcnlagc 
01' ('vapolr:lIlspirmion illlhc w:ner halnnu~ ('qu;ltioll. Th~ 
dala in T/lhll.' 4 ~how Ih;1I ~'''>lP<llr:IIl~I)ir;lIi,)tI a~·~~j)IlIll!. fN 

an c\'crllar!,!cr propurlIUlllll'lhe Illlall)TCCIPlliIIillJl rl'ccl"'l~d 
il}' the .,ile 111m' dlhcr ttll.' IWIl'~Cilr \lr the .1.6::!·ycar evelll' 
oisc.:U';o.ert pre\liou..ly. E\':IIXl!r;nl';pir:ltiml ..t·c"IIIl!~d lor;1II 
avcrugc of :lhollllJfllJ, oflhc "';11"'1 h~s a~rn" illI of the 
JlIOIIi O\'cr thf: Ijfc of lh( field ~Iud)·. R\U}{lff 1'1 Ihe sCl:tlnd 
I;upest cOITllmncnl. L'tllullrising ~~ i .:l6 Cllllr~"r('''''l'd ;!";1I1 
...vefa,!,tc ~h!rms allplnls; "f the illt.11 332.()1) em .)1' pr~dl'i. 
tmiol! ..rable 4). SeeJlll~c O','t'C th~ hI\'! Ill" Ih", flt:M ~lutlJ 
,tmounted 10 :thou! 3'1 of the precipilatlon. :utllltllllmg tn 
al1l10S1 HI em of ;Iv.:m!!c Illl", an'('",,, ull of Ih(' :,1111' 
(TOIble 4), The Iilrgcst im~l\lllt~ \.)r !lCl2'p.lgl.' flJl'thi.. ,imc 
peruxl weTC Clnscrvcd on 'Wn Ilh~h \\j,h the f:!f..I"'ifgmH:1 
co..'~r.llnd these 1llnj~ t. 'hihncd ahmu 1(1 L:1ll 01 "''-'luge, 
lI/uoullIlng III "bOlIl 5~~t uJ lite 1)1"'dllIHllion Il!tcj"t'd hi 
th~ ...ite. 

From the dllUi "/"C);t!ntcd in T,lhk .,. il i!o ut)\·mll'l Ihallht· 

shrubf~ra\lcl Mtrf..cc (reacrncllt ;1\lPCUI'!, 10 Iw Ihe bc~1 
:.urface Ifcalm<:nI for.1 landfill bcc:IUSI: l)f Ih... ril\:[ IlIlIl 

Ihrtlllgh JUlie 3(;. ItJ95 IOIaI pn"l.:illit!l1illll receiwd I'l)' the 
siully 'Iitc- \V'l'>. .13:!.t1Y ern. 

C. lh·ll.1tionship uf "lind"!! SIOIJe 10 RUDolT ond 
SI~Cj)Il.~1.: 

rl.l:lny uf lhi.! dala iIllL''1'rewlioll!o are 1101 quite :I~ lliJ11I)lc tI!i. 

prl'!\eI1lcd in the \V"lcr:Bal;mcc EsiitnillCS scclinn of Ihis J. 
1'I:';~lrt. sillce ull (If tht: field plol!-i cl id Ilot have III:: !'Ialne &. .

f 
'icelllless 4 Fip'lIrt.> :.n. 'flit'! pll)IS Iwd ~lnllC~ ranging from 
15' 10 u.,y,;. "llCt Ilrc\'iotl~ ~llIdic.\ h:l\'c ,iocm'lH.'!nu:d thm 
0.-.1h Il~! lcnplh mill S!C\lpuc)'s Ill' the lund toilllrlC CUll suh­
stami:llly affect runoff ~lIid smlloss alld arc inchldl'd a!' Ihr 
T0l'0p.r:lphic.: Factor in dlc USI.E (Nyhllll and LallI.", 19XCl), 
Thus. lhe runoff d.lt:.! collee1cd in Iht~ field fmm j'!.l'iuhjrt,g 
jll (11\' (\VCI'''U eX$ll'cEl"d trend of ir;t'rea~dl numft' If)r ph)I" 
al I"r,l;l~r slurc~. FOI- c.'I;ulIrlc .Ihe IlInUn' fur lhe fic!d plols 
with 'h(~ ...nrtlh/l:mrl' ~url':l~e Ire;I1I11t:nl e:\hibilC'd 2-1 and 
611 (~111 of nmolf a~; ihe ~lt~efJnc..~ nf The- rims im.:n';t..ctl 
fmm 2.! 10 ()J)'k • respeclh'd y. 

Hnw';-'H:r, Ihrr.c of Itll.' h(~ld I'lois cdlihilCd rcdtl..:~c1 runoff 
U\'I.:I' Ih~' life or Ih:: Iklil cr.pr:rilllCI1l ;J' Silipe inl.·I~<l~C'd 
(Figlu{: 3). F~lI'C,,,jlll)Ic:. Ilw ~,ras,'iJhtlr\~ j)lul wilh it ~Iopt:' of 
4.7':-; .• "101 (lumber~) cxhihilcd {ye em (If 11I11\\I'f. Ihe

' 
lar!,!!:,( mllount of ruuon obscn'ell ill ,IllY of Ihe 1"101, 
(l·.:rhlc- ..li. Im:ruasill!,t Ihe ..loJl!! II! S~~ Oil lidd phil" h'l\iill~ 
a "imi!:ir !'urface Irc:tlmcnt !Jlo\lld ha\'1.' increllsNt [be 
i11lllllllllllfftllmrf \)t.SCfVCI! i'l Ihe field, bill nuly '1'\.4 em 
wa.. ~lclmllJy \lh.,cn'cd(l;i!!UfC 3). Lil..cwii1c\ Ihi: 1,1\", wilh I 
Ih~ ~hruh/!!ml'el [Fcalnlcnl hOld 12.113 Clll rumlrr iu :1 ~Iope I 

I 
lit" I.I)':'{: where".. Ill,ly 2lC! I ~m nf nlflll!'!' W:I" ni)scrvcd at I 
a sloJX' of CI.9 t,'f,. III !>pilc llt: Ihe fae! lrut! " pl'JI (..nrublbare 

-,'I 
[l1~'I) With a similllr sl\}pc (6':;) hatl (Ml2 em (;f f"tll1nrr. ,-''\;
Thu:i, Ihe iuflul.'ll<:c o(sl,\[>C i~ nlX the only ra(~tm iuflr.seoc·· .' 
ill£. Ihe rl.lll(l1l' n::latiUll~hips ponfi,yed in ri~urc: ~. i\ ... we 
wilt dai'lmilic ill nunc delail in the nc:).(~(.'Clion or Ihl~ 
repoJ1. the m:tjor 1'C.L'Ii!l'l lllr the redtl~'ed fIInul'f i!1 tln'!iC" 

plOI!) wilh th... larger sIOJ.I\~ wtts allribuled 10 larter 
mm.lUlIls of 1)1:1111 I;'ovcr. 
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1',\BLE 3. 

WATER 81\LANCr~ SUI\'IMAlty lrOR 1988 FOR ALl.. l'LO·rS AT MDA U. 


TOTAL PRECIPITATION RECEIVED BY TilE STUDY SITE WAS 56.54 eM.: 

Al'I>ROXIMATEL \' CORRESPONDING TO A J.62·YEAR EVENT. 


~li:[ baI.ilDS;~ pnmD~~[ (kml 
PIOf SoH walcr EvapoU'an­. . n Treatment Number Locn(ion Runoff Seepage inventory . !>piralioll 

at ­Shrub/graveL 1 cast 10.71 10.19 O.!UI 41.13 : ,­ 8 center 3,4:; 2.28 1.65 49 19. 
IS the I 9 west 4.lB 3.12 0.1& 4fs.96 . j86). 

Shtublbare 2 east 13.6'7 2.31 -0.!8 40.74ing 
7 ct!lI!cr !5,63 2.28 1.23 3140·IQts 
10 wesl 9.<10 3.96 ··0.56 43.75plots 

Gra.'islgravel 3 {'ruil 11.62 4.52 -l.26 41.67d 
j 5 ceuter 1.74 2.1.8 5.50 47.01 

11 WC81 5.81 3.82 -1.55 48.47 • 
Grnssfbare 4 east 16.36 2.63 ·0,95 38.50 ; 


moff 
 6 cenler 1.60 2.2& -1.77 47,87· 

d 
 Jl. west .l.2...U W ::..1M ~. 

ape of 
 Average Gf all plots: S.~6 3.50 0.13 44.13 

aving 
TABLE .. , 


WATER BALANCE SUMMARY FOR ALL PLOTS ,AT MilA B 

FROM MARCH 19.1987 THROUGH JUNE 30,1995. TOTAL PRECIPITATION 


RECEIVED BY THE STUDY SITE WAS 332.69 COl. 


.\YaIru:...LlilJi!K:s: ~anuneter (emI 
Plot . Soil water Evupou an~ 

Number Loealio;'l Runoff Seepage inventory spiralion 
I e..lSt ZB.2l 9.39 .~2•.:58 ; 297.67' 

8 cenl.er 14.6" 4.n ·7.49 320.82. 
9 West 12.03 9.39 -9.;:8 · 320.54 
2 easl 60.20 11.84 ·3.1 S 263.83 

7 c:.:nlcr 49.82 4.72 ·1.44 ; 285,60 

10 we.,o;l· 24.3R 9,64 ·:l.7~ · 302.42 

3 e.lSt 35.63 l7.52 ·323 : 282.78 

S centl",.r 8.55 4.12 -5.29 · 324.71 

11 west 22.87 14.59 -9.lS 304.41 
4 east 64.66 12.19 -2,80 25S.64 
6 center 13 41 4.72 .1.41 : 321.97 

11 ~ U..21 UJlJ .:.i.L1. 1ii1.ll . 
AveraiC of aU plots: 31.36 9.62 ·S.52 297.2.2 
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Influence of slope on runoff at MDkB i.. tIl 
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Figrue 3. InJlllf!tlce uf sl~pe 011 "flUJlJnis of runoff n'~4st"ud ove, tl'e life of Ille field espr!rilntmt aJ 
MDA. n. 

Omitting the slope and runoff data from the lhrec previ. 
ousry mentioned plol~. the data shown in Figure 3 was 
subjected to regression analysis using an exponenti:1l 
model. 'This model expressed Ufetime mnoff (Y). received 
from Marctl19, 1987, through June 30. 1995. as a function 
of percent slope (X) as: 

Y "" -2.040 + (lS.98)«fXl."1~4') 

(Eqll~uion 3) 

Conliidering that plant cover and soil prome (Figure 2) 
dlfferences had not been ta!{en into account, thJs model 
successfully related moot! ana slope. The coefficien~ of 
determination, rl, for lhe regression model was on\y0.48 
and tlte standard error of the model was 15.98 em of 
runoff. ntis model predicts rhat as the slope increases from 
2 to 6%, a 2.7·fold incc:asc in runoff should occur. This 

, .. 
I
! 

difference illl~lnOff WiUl increasing slope.agrees <Illite well! 
with lh~ l.l·fold change in soil toss prediclL-tt to occur for! 
plots with these slope.s and slopelerlgtlls using Ule USLE 
(Nyhun and Lime, 1986), 

• 't. 
I - j~ 

According to recent guidance on rlle design of landfiU . i! • 
covers (US EPA. 1989), }andflll covers· sMula have a \l·;~ 
slope ranging .bel\\'CCn 3 to 5%, 1)ul not mOle tban S%. 1be 1 .. 

reason given by EPA for fhis recommendation was that as .~ 
slope increases. it is at Ulis slope range thal increases jo .: 
runoff are optimized with decreases in sctpage. We ;,. 
anal~'Zed our field data to see jf lhis r~alionshtp could be \. 
valid Cor our site. nle results are presented in Figure 4, in "­
which we have plotted lifetime runoff and ~ge verses :!

oj. 

percent slope. Our field data does nOi,\l,"Upport this conclu­
sion: as slope·increases, runoffinc:rcIlSC~. bu{seepagc 
demonSlrat=s no slgniticru~t relationship wilh either slope 
or runoff. ... 

16 

http:on\y0.48


ill 

4) 

,0 ­ T-' ~ 

• 
• , 

~~1tJUr I 1 ....J •;0 5 

" -. ; 

•
• • , •• 

\(1 

•
• •

:ZQ - .. •
• , 

• , 

I) 

1 5 6 1 

Siopet%l 

f'igure 4. Lifetime runoffand $8IJpage on all (1f t're MDA B fir:1rJ plots IfS a fu.nr:tion 0/ 
slope. • , 

and Water Balance Dynamics 

.!tP;:W:::;l list for the MDA B plo~ is ~Iresented in 
~CIeS(:r.tbjDg tbe forbs. grasses and shrubs found on 

in 1994. Both thescierwific and common 
presented in this tahle, according to previous 

Alamos (Fou and Tierney I 1985) and 
~'111..	<:t..'rn North America (Spel1cnbe.rg,1979). 

database provided by the NaturQl Resources 
Servll2 {NRCS) of the United Slates Depan~ 

1Ul1.:wI:u:re (USDA) was also consulted as a 
,NRCS.1995). 

-	 1 

t;; 
..... i 

Plant cover dllla collected Ciom 1987 LIu'I1Ugh i 994 on th~ 
MDA B study plots are presemcd for tlle plots receiving 
the shrub/gravel arid shroblbare lfeatmcnts{figure 5) and 
for tl1.e plots receiving lIle grass/gravel and grass/bare 
treaCnenlS (Figure 6). More details are presented in 
Appendix O. The first interesting obset'valion that c~:Ul.be 
made about this plant cover data is thatonce a vegetation, 
trealITlent of either shrubs or grass Is applied, this b-eatment 
seems to be dominant oVer this eight-year time span. 
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TABLES. 

PLANT SPECIES FOUND ON l'Hf; MDA B FIELD PLOTS IN 1994. 


~s::iel!ljfic Dim; 
(l'grbs • 

.At1emiria carruthii 

Artemisia dracunculur 
1\ rtcmisia frisida 
Artemisfa iud"..,icilllla 
CnelUlpodium jrtmomii 
C/!rysopsis villom 
Cirsium rmdula'llm 
COIJ';olwilu3 QTVl!lIsis 

CcmYla canadensis 
Erigeron divergens 
Ericeronflagel!.aris 
Euphorbia serpylliJolia 
Geranium CCle$pitosum 
Grindelia ap/lanactis 
GutierrQ.ia sarothrae 
Lyr.Ufl.fS phlcordes 
Machaeranfhera bigelovii 
Medicago sativa 
Melilotu.r alhus 

Melil(}tu;; officirulli$ 
M~ntt.diu pumila 
Muhltnbugia montano. 
OenOlnera hooker; 
Salso/a kali 
Sphatrtllcae sp. 
SpcrobQlus cryp!andna 

Thele.rperma lrijidJ,m 
rragopogOfJ dllbius 

Tar.uacum ojJicifWle 
Trifolium repel1.J 

Vtrba..rcum tI~ap.Jll.f 
Grasses: 
Agropyron dt/$ertorum 
AgropyrOll smithit 
Bahia disuctlJ 

Boureloua grr.cilis 
Bromu$ ill41 rnis 
Fes(uca OI';tU 

Shrubs: 
Chrysolhamnlts nal4seosu; 

CommQo nl!me 

Carruth's sageWOrl, wonnwood 
F;llse tarragon 
Fringed S<1gebrush 
Loui~jll.llr; wormwood 

Fremont's gooseioot 
Hairy goldCnnSler 
Wavy lC!llf thistle 
Field bindweed,, 
Horsewecd. Canadian horreweed 
Spreading flenbime 
Trailing fleabane 
Thymclcaf slindm"I, Ihymeleaf spurge 
purple geranium 
Curlytop gumweed. gumweed 
Snakeweoo 

CommOl! wolfstail. womail 
Bigelow asler, Ulgelow's (ansyllsoo:r 
Alfillfa 
White. sweet dovl!f 

YellQw swcct dover 

Golden balnzing Slat, dwarf mr!UZeH.l 
Mountain ntuhly 
Hooker's elltning primrose 
Pricld)' Russi!ln thistle 
Oro"cmaliow 
Sand dtl'lpsct'.d '.. 
Sliff grccnlhtead. greenthR'.ad 
YeJlQw salsily.salsif)l. 8oalsbe~ . , 

,COOlltlOndllndP.lion . .."; 

While clover 

FJMllel mull~in. common mullein 

Rus!liall whc4tgrn!O:> ; 


Western wheat grass , 

Yellow ragweed. bahill, ragteaf bahiD. 

Blue gnllna 

Smooth br:>me~ Hungarian bromc 

Sheep fescue 


Rubber rllbbitbrush 

JB 
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ThllS, the llVerilge snnlb co...or~ ohscl'Vec1 III Iltt' ~hnlhl 
gravel 'lIId the shnt\1ibarl' treatments over Ihi~j tim~ period 
wer: 25.4 and 21.2%. respectively (f'igme 51 Some of the 
o;hrubs in plots 1 and 2 did not sutviw aftt!r ,1 cuuple or 
yt.!or.' Jeter beiup {'lamed. remUing in ,~hrtlb cuWt I!sti· 
rnaleli of Il!s!) than :i% for Ihex!! plnrs in ) 1)1)4. Thl~ plots 
l't'Ce;ving the grass treatments were kepI free. of "hmbs 
ducing 19S7 and then IUllmal sllccession of Slln.ths was 
allU'....cd to o,=cur. In :;plle of rhi~ natural sf!('.cmi~iot1. Ihl~ 
n,,·erll?c 5hmb cover!> abS!..'f\'ed on lilt: plots Wllh grnsM 
f;Ti.l\:e! and gra:lsJharc tri?::ltrm:nLs were 1.0 and 1 4%, 
~pL'Clively (Figure 6). Thus. the pl,lls ff:CClvmg grasii 
\'egCUlll0n ilS a lillt'fi1<:e treatment pl;r~j!ilelllli' (ont~I"cd 
40.1% (graso;/grav(!llreatmcnt} ,m.! J60% gr;Js:; wvc:r 

(grassfbar~ treatmenl1. 

1. Gravel Mulch 

The. second interesting -obsl!.valion hilS \I,) dt) wilh til\! 
infiur:nce of the gravel tre.allncnt on (he piotr.: grav..:1 wilh a 
diameter 0; less than 1.5 em lind wali appl ied al 1J kgfm". 
The gravel mulch increased !he plant cover un 1'L1r .ilUdy 
£1101); (Figurell :1 and 6) 

Th~ shrub and gra:ls c.O'ier estimates were averaged over 
lime and arc pfeSC:'Itetl fur each ok thtl Held plms :n Tal\le 6 
to further illU'mate thl'! p,)int Olllhl~.ll!ot~ Whl.!fC shmhs 
were !1udcd (shrub/grave! lind ... hmb/bare {tc:umt:nl~i. ph)!:; 
receiving no gravel mulch aver<lgcd 21.2t;V: "hrub cover, 
while plals \/ilh gravel had a 20% larger percent cover of 
shrubs (Table 6). Howevt,1.r, the influence' .:If gravel mulch 
was even more pwnoul~l!J on Ih~ graM. cov'!r Oil thes.:: 
plots, whert: the :l.V~r;lgc grass cover on the plot't with no 
gr.wel was 16,3%. ,:olIllMreu with;1 42 ';c in~rc,Lw in 
percent 8r;II.5 cover due :u gravel mulr.h. Simil;.;r re.stltt:; 

wer.! ob!,il;."rved with grrls:, c')"er on tI~ plQls where OfIiy 
grass wa:, :lddcd to the lltl>t.. , cxc'=pl for [tiC plolS In the 
center localh)tl (Table 6). ' 

2. Evapotr:mslliration 

Mor..: eVilpotranspi"'tior! u;mally o~·c.:urrcd during Ihe w:mu . 
:;urnmcr monlhs dmn durin~ th:: olh{'![ l'teaSOIlS Oil all ,;;f om 

Jaml)' plots. Figllr~ 7 presents Ihl! Illclnthly ~stim.ttcs (If 
~\lapolran$pirJlion (~;unmterl from we~kly t!~timale~ uf 
empotrllnsl'frU!il)l)} pl"ttcd as a fUlldioa of tirllc for 111\: 
cmirl! Ufe of the e.v;periment for IWO plols in Ih~ westCf!l 

illCil 01' MD:\ n (Figtln! 2) ..E\·apelr;m'ipiration e~lirri;tles 
r...lr some months usually t:x,t'ed(!d to I!m in Iht~ slimmer. 
'md e.,cet:licd 15 em in I'it)1 .md I(.)l):. 

N:;g.ltivc e lI;tpocranspiracioll (Figm<! 7) usually occurred ht 
the 'ol'imer. find relnesenl~ time p!!riQd~ when f!itlier snow is 
imcrccplcti by thl~ ....cietati\i~~ Caver or Ihe snow tindcrioc~ 
sublimation: in eithel' .:asc, the Willer is never added (0 the 
l(l[l'iOjl ,IS liquid wilte:r, hut i~ m!!;I:imed ~s precipitation ;\t 
Ihe r:lin gauge R:l\:ibitbrush c'J"ers COTlullonly in!crccph!d 
Sonw durmg !lle " ..inler imu thbi snow was con;morlly 
maintained abo\'egrolU\d in thl!ir volUininou~ c:lIlnpie;:;. 
potentially lnaki~g the snow 1Il01't~ <:\vailablcfor sublima­
tk1!l prOl;csses. lllis Jc:IUliollship llrobilhly ()i;curred ill the 
wmter oll'Hi l ) alld thehltc fall of 1991, periocis wlmn 
t'~;,;ali\'e cvapolran.'llirucion·on tlle pI;)! \~'ilh Ihe :ihiltb 
Ci,wer r:~<:t!t:'.dcd (h;it on' Ihe plot ..... il h the:gnl!>s cowr 
(Figure 7). . . 
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Plots with predominantly sbrub ci.·...er usualiy I.'xhibilct! 
targer evap!ltranspirlltion than plots with gra~s co·/cr. in 
spite of tbe l:t:rge negative, (\'iapolranspil'utiotl values 
O(riuionally ob.~tvcd on the plots with shrub l~{'l\'er 
(Figure 7), The evergreen shrub~ (Chlysocllammu 
tlQust!lJ.$us) used in !his field study f,'picnlly gn:w year­
routld. whereas [he gr.l.~~c!l and furbs (Table 5) aru u.~ually 
dormant from Occoher tu Apnl. Rahbitbrmh is not an 
e\"etgreen plant in [he sell.S\! of a plant like a pondcrosf.l 
pine, hut even if rabbitbru:sh loses its leaves in the early 
winter. Ihis phr.nt can transpire bCCiIUSt! it still hi1~ green 
slCfThi. Thus. Wt~ r.ompmctilhc lUnol1n1S of Ii relime UV;tpCl­

Iran~piration occurring 011 the field plols for Iwo tin~ 
periods: May ;hrough September (grasses. Forbs and 
shrubs octivtiy transpiring) and October throllgh April 
(only shrubs trrtnspiring. hut lit a reLluced rate), This 
seasonal difference in ~vap(llnlnsrirnlinn is pre~ented for 
all of the plols in the western amll!,lSWl) portions oi 
~mA B in Table 7. 

The dl1l!1 in Table 7 is prescnlcd to dernollstnlle Ihilt plOl~ 
with ~hrub covers u.';unlly exhibited Jtlore cVap()tran~pirn· 
tion than plots containing grass covers oVer the life of tnt: 
fietd cltpcdrnem (from Marcil i 9. 1987, Ihrough June 30, 
1995). This was accomplished by grouping the datu by 
pairs of surface trearmen:.s whose only dlffe.renl:~ is 
predmninantl) shrub or grass CO\·cr. as well :lS hy wt!Slcrn 
and eastern plote;. since the soil profile<; in these two ,Ireas 
nrc dissimilar. Thu~. comparing the .:IhmMmn.: .md RfassJ 
bnt1: trelltmcnlc; in the w~lern plUl<; (Ftgurc 7). we di~c<rv" 
ered thut there was 2.g em more eV:l!>Qtml1spiraticm on th~ 
shrub/blln: plot thaI! on Ih~ grass/bare plol belwe~n ~1<iY 

199.s}, r!!orclu.:nting tbe first field delermination or 1'1 is 
"I!ja!ionsi~ip ill Los Aliuma. Since W,' only collec(ert phml 
~Q\icr duta tin fOUfO(thc years of this field stud)i,lhe. 
annual cvarr.!mnSpi!:l:Ii(ln estimates for ~II t)f 1~le p[Q'sfor . 

. these. yenrs Were comtmred by ye,lr (top pari ofFigure S) 
.md surface lreatruelll(bmtom part of Figure 5},: Shltl" 11Iui\ 
grass cover nnnual valli!!:; for all of Iheplols ranged rrom 
! ;L7 10 70.4% liS annual cvapotr:msr-iration ~~~iliI\;lt~~ 
ranged rrom 26.J toJ 4~l.2 <:m {Figurl! 81. 'llie I::.lilllatc!> of 
plllnt cO\'cr :U1d annual c..-apotnlllspiralion wCI~sigtlifF . 
cantly smallt"r for altOf Ihe plots in 19S9lh;ln in 1990 
(Figure 9). Anllll<d shtub plu~ sr<lss cover was :ligni fiClllitly 
related 10 annual cvap'o!ranSpitlltiull using the d'illa fro I!! all 
of Ihe fieid plots (Fi~ure 8). but exhibited ":ollsiderahle ' 
Yarialion (the cocfficicilt of determin.1lion, rJ. for ihc linear 
regression model was;only 0.27 and the stanullrd ~lTor of 
Ihc model was 4.99 em of wal~r). fn spircof the rl1mponJl 
::md spillial variation ih tht! field data. ttlt! relo:rt'ssion model 
predicts (hat l.!o'Jblingpercenl aunu:!1 shmh pili! gm~s 
cover 00% o;erse!l 60% Ctwer) re~lIlts in iJ. 2:!% !flCre.a.~e in 
annu,lIl.l\iil!KltranspitalioJl. 

TABLE 7. 

S[,\SONAL DIFFERENCE IN UFE'I'IM1~ 


J~"AI·OTlti\NSf>JRATlO~.(FROt\l MARCil II), 19f!7. 

THROUGH .JUNE 30, 1995) FOR TIlE WESTERN 


AND EAS'l'EIlN MDA U I'LnTS~ 
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I'lot EVi1l'ol:llllspiLation (em) fur: 

'rlcllllncnt Number May,Sl!plell1l1cl a:Hl!>CI-Apti I 

i· 
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. : I 

'k , 
throUgh September and that this differl'l'.ce amomlled 10 

16.3 em between Ot..'1ooor Ihrough April. The "hrub/gmve1 
western plot ex:h1bited to.5 em more (lVapOlf<lIlSpiration 
than the corresponding grass/gravel plar be\wl!,:n May 
through September, and 5,6 em more evapolrnnspirntion 
between October through April (T:thle 1): simillr relation· 
llhips for lhis trealment pllir occurred on th~ t~'I)ilern [llots. 
This data support-Ii the conclusi.1n tllilt l.1odfill covers 
containing rabbitbru!lh elln evapolrunspire morc water out 
of the soil pfofile than covers with ol1ly gra.ss ·,~ge!ation. 
nnclthat this tota.l ye,lrly differencl! can bc.~ as mllch as 
19.1 em. 

Plant cover on the MDA B field plols was rcllllt:d 10 
eVdpOlrllllSpiration both on an annual basi:; and for the life 
of the 1i~ld cxperimt:nt (:Vlart:h 19. 1987, through Jm1l': 30. 
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Figure 10. 

A Uru.":U'regression :Jl(ldcl Will fmmd to Suc~~s.~fIlLly 
ex,ress tile relAtionship between tOlat foliar and ~hrub l.A I 
and lifetimc= evapotranspiration (figure ll). These two 
variables were highly correlated with this model, which 
resulted in fUJ r' value: orO.854. and me slaoonnl error of 
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The \'ollrmelrio: "' :ltc•. ~)I!IC'II( nf rbe: ;''''~1' rm1li1ns nf I.t~l! 
lalldfin co~er";ll :\110.-\ Ii J.lI~ prL~<eETh.~t~ ill fi,r.:llm 12 0:­
ahe liti,,)rlbe fi~ld s\Hh' I'wm ;\j,'l(;;h !.( h'S -;, Unotli!h 
JuM 30. 19Q5. Tlk:d."a PI~"'~tllC\I!II hr:ll1\! 1~ '::-IIH!li~"IS 
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:Tbe volumetric waler coOl!!n! and soil w3t<:r invcn:ory 
changes with time are presented in Figure !3' (01' two 
MDA B plots with the shmblbare treatment to demonstnllc 
:how seepage wa....; I!Stimatl'u for the srudy plots. Most of the 
,time there was vcry little chllnge in soil Walet content on 
'these two plot.s.. and during tl'letlc time pcriod~ the soil 
,water inventory clmnges ranged from -0.5 10 0 . .5 em of 
water. Jlowever.,on il few of the t56 sampling limes. the 
d18nges in liOit water blllcntlJry Were greillt:r limn 0.5 em. 
This happeJ)ed ten times and nine timeR on Plots 2 and 10, 
respeclively, and the seepage events u~u.,lIy oc(;tIfrcd In 
the winter and spring (Figure LJ). PIoIs with replicale 
,treatments behaved similarly relative to the occurrence of 
:seepll&C unl), when large linit water in ....C!nllJry cbanges 
:were observed. For c~amplc, bef.wel!n March 11,1993 ru,..:!' 
April t 6.1993, when the :l,vemge volumetric water contenl 

·at the 80-100 em depth on Plot 2 increased from 11.3 to 
't 5.0%. 1.86 em of seepage occurred (Figure IJ). DUring 
'chis, time period.. the volumetric \Vater content of this soU 
layer on Plot 10 increaseii from 26.3 to 29,6%. resulting in 
a seepage c=!!tim1~e of 1.65 em. Usnally whe.n seepage 
occurred in the eastu.nd west porti~\ns of MDA 11, il 

·	occurred 01\ one plot but not the replicate pl!)( with the 
silmt.: Imnlmunt (Figure 13). This was most prob:tbly due to 
difrerence..~ in soil properties (Figure 2) and plant cover 
,(Figure 5). 	 ' ' 

Da!a sirnill1fto Ihnt pre~ented for Plots 2 and 10 in Figure 
; 1,1 is presented for the soilla~ers beneath the gl<lvel cobble 
bioinlnl!iion b.u:ricr associate.d with the c.entrnl plots in 

; Figure 14. Seepage took place much less frequently nil 
·these plots thM 011 the plou from Ihe cnstllnd wcsr por­
· lions of Illl~ study urea. St!epage occurred at differcnt lilllt: 
intcl'v:ds on th~sc plfJbI (Figue!! 15), nappl!ning only 

between July 20. 1988 and "\ugtluj, 1988 (1.22 em), 

April to, 1()91 apd May 8, 1991 (0.97 em), "nct May 8. 


• 1991 and :\tb.y 2.2. 1991 (0.7] em}. This phenom:mon hIlS 

•been previOU$ly ol1served on tbe ITP plots at Los Alamos. 
· wbich 31so contained il sballow ~uilla.yel overlying a 
• gravel/cobble biuin~rJ.sion harrier (Nyh.:m et Ill.. ,~ao). 
, The ecntt3-1 plots .:n MDA B had this same shallow '>oil 
, profile. which. promoted more evapotranspiration to oceur 
, on these plou thuTl the east and w'!St plots (Tabie 4). 

Increasing the evapoITaw.piral:ion on these plots genemll:; 
gready reduced seepage production on Ihc.o;e plut.o;. How­

· ever,' thi5~hallow soil profilC'. configuffition all\o changed 
.Ihe seasonal distribution of seepage on the cl!nnat plols 
(Pigure 15). allowing no ::>eepage to occur on these plots 

: between OC(Qbl',lr and April. 

"'I';" " ' I 
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11t~ type t,r vllgetatio~ growing ir. the *lots ~I~d i~ifl~~hge(J:~;;~::<:~F~\!';:'! :': 

wlu:tl and how nlu~h, ~ee[Hlg(~ \~'Ui llfoduced pil ,Ibe ~_';.~ ,:;>;:';;~ 

MDA R ploli\ (Table ~), TIm seepage data for!h~'!J!ots 1';'iF:(: :2~':i:;, . 

containing 'he shrubs :\~re C:Dlnpared '!i!h .simi!l~ ~a.ta·i, ,li::~'}:'}2~':~::::::;:; ...: 

collected on the ptotS ,with dommruuly gmss,coverfarJtie ,":::;)~i~;':,,;'\;:,: ,;:' 

same tWQ lime perivds used for (he eva'potrallsPiia~itin da!a,;"~'~~:i~i:;;~L'.:;:,:,!' 

in Table 7: May throulh Sep(embcr(grasses~'(orbs/atldi;:?:':~i,?«!::;'::. 

shmbs aClively transpiring) rmt.1.Oct~1' through:r\prl1:1' ,,': ~.:;?:Y':;~:::: T 

(only shmbs tf/1ll5pirigg.ll utat a ~duced raih)~ ~f~J~:~"; '. 

st!nsonal tli rferenct: ill: st.-:pllgc was comp;~cd \aiiU(J}le 

lifetime avurnge shtul) cover mea1\ured,onthe 'eas(ufld r 

west plols (Table 8); the cenrrnl plolswere n~t i::oiisid~d 

in this c<)lnpnrison b-e*i1use they were illfluenced ·b};:~h.e: " 

hydrologic relationships related to tI shallow soil profile~ as 

discussed previously. As shrub,cover incn:llsetl frO(H : 

O,il to 23%. the sCilSQnul diffe"enee in: seepage deci~ased 

from 5.'13 10' l.19 em (Table 8), showing rhatslitilbs:C:{lJld 

(:ontinue 10 trnnspirc throughout tile fall, wiriter. andt!lu',y " 

$pring. thus reuucing th~ amounts of seepage occtirr~ng Iln ' 

tht: plots. ' , , ," . 

:: 

',i 	 •.\ ... 

.-,' j 

. 

>: .;'" 
Several analyses of tHe mROrr datn (Bames el a~" [98(1;: 

B<lrnes ilnd Rodgers. 1987. (988; Bam~; ;lOdWarren, :, 
1988; Lopez el nt, 19.88. 1989) and soil erosion data 

. i(LAi'IlL. 19:H) have boon pCrformc:d, and thl!se~e·pre.• 
senloo in Appendices:E 3M F.. respectively.·. ' 

A prelimjlllU')' 3nalysis of the mnorf dam from IheMDA B 
plol.~ WIiS performed ,vitn, the Ide" thai ~be decreasis in . 
runoff with lime were dut: 10 incre.aSt::$ in vegetative cover. ' ' 
Tbis an"lysiS did not rake hua account lhe oecvrrencc of' 
cryptogams. which 5tilrred to appe.;lr on the soi·lsurt3C~ of 
lOnny of the plOts in 1987. about three ,yeius~fter ~Ile ploli 
wereemp!uclld at th~:$ite. Since this effect wa~ nOlqu<S.nri. : 
fied, the ptlfCcnm.su. (J,f ground cover (with o~withoul : 
cryptogllms) for cach:of the. \2 plots wa~ plotted asa ,. 
(ullction of annual runoff for e3CR of ,1he vears where horh ., . 
type.s of data were !l\'aUable (1988. 198.9: 1990~ anaI9~4): 
Thi5 analysis did not ~how u. YL:ry good ~Iatiollshlp . : .,' ~: ~ 

bet""'!!cn tbese two variahles fI,rour fitild study biicause: the .,
I::amountS DC runoff generated I.hJ.~;ng the 3)Si-year e~~nt . .1 

were so large that [hd influence of ground cover w.hs m11 an , 
.': ~. :.... ::,~im.pOft"Rt rIle~()r for 1988. ' "., 
, ,,':. ''. . : ~: i 
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,factors innuendng runoff, such as slope (Figure 3). were 
not taken intO account (Figure 16). Almost 61 % of the 
variance in runoff was described by a model describing Q 

12 

, 9 

e ....... "., .. , 

· ! · ,3 .• _ ....... '.., •••• " •• ~ I ~ 

· 

almosta 9·fold decrease.; ", ' . : .~.,:," 

30 40 50 60 
Ground cover ('Vol 

70 80 

'Ground cover lind ,,"nulli TunaJl for tbe .uDA B plots for 1989) 1990, and /994. ' 

31 
. :: \):' 

4. Runoff 

til' 

Twng the t988 runorf and ground cove.r data out 'of the 
comparisons. the data wus regraphed and presented in 
Rgure 16. Ground cover was found to be significantly 
related to annual runoff. in spite of the fact that other 

E' e 
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'Pl,a" 16. 

i ":',".. 
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power relationship OOt\l.:'oon em ocrul1ofil'!n(rperc~ni:;;:';','::{:;' ':1: ~" 
" , ' " , I "'" ,c,,", ", ,":'

ground cover. with a standard errofQuly 2.22 !=m,of runoff. ~:,'~; i:" !; 
nus model predicts that ~ groun(j'Cov¢r is'increascd 'from', " 

I . '..."' -~.: .. ,'" ,- '.'

30 to 90%. annual runoff is reducCdfrom 8.8 to 0.98 'em;::, ,: ' 
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IV. USEFUI..NESS:OF TIm STUDY AND I"UTURE 

RE..r;EARCH 


The infonnation gathered in this field study at MDA B 
provides us with an insight into the inter"dctj"e relation­
ships between plant and grovel cover, site characteristics 
such as slope, and water balance parameter.\;. This insight 
!S ne~c;"jsary for the waste site operator to be able to PUl a 
landfill cover on this site that can be used to satisfa~t(lrily 
close the site and minimize risk to man in the future. 

Since the landfill cover design must perform satisfactorily 

for hundreds of years, it must withsland annual precipita­

tion that has ranged from 17.3 em in t956 to 71, l em in 

1941 (Bowen. 1990); In Ollt seven-)'ear study, we experi­

enced five years lhat were drier than average. one year Ihat 

had about average annual precipitation. and a 3.62-year 

event. Comparing water balance relationships across nil of 

the field plot'; between the average year and the 3.62·year 

events, seepage increased dramatically as amountS of 

precipitation,increased. Seepage cons~stcd or2.0% and 

6.2% oC tile precipitation in the average and 3.62riyeal' 

events, respectively. These increases in seepage were 

accompanied by corresponding decreases in evapotranspi­

ration, which ~ccounted far 86% (average year) and only 

78% (3.62·year event) of the precipitation. If this trend 


. continues. it will be criliculto evaluate how too landfill 
covers respond to events occurring less frequently lhnnn 
3.62-year event, 

Howe.ver. over the seven years of the field study only 2.9% 
.	af the total precipitation received ot the field site ended up 
as seepage, and 9.4% as runoff, Comparing these values 
with ihe nvemge and 3.62-year events. this is undoubtedly 
n reflection of the fact that the study period encompassed 
five years that were drier than average. decreasing the 
average seepage and runoff values focthe entire seven 
years. 

, Slope is a very important variab1e in the design of a 
landfill, OUf study shows that liS slope increases f!l,m 2 to 
6%. a 2.7-foJd increase in runoff shoutd occur. However. _ 
as slope increases no significanl relationship was found 
between increasing runoff and decreasing seepage, be~ 
cause seepage wns not re1ated to either,slope or ronoff oyer 
the life of the experiment This latter relatiom:hip is 
obv\ously more slrongly influenced by tile soil properties 
of the entire profile. by vegetative cover differences, and . 
by site factors such as aspect, which has been previou~ly 

; :', ":}::' 
;: .;: 

;:";j:'- .;'~ 

, antecedent moisture condition of tl\~ lan~fill ~'over (Nyh3.1'l' 
et al., 1994). . ,',: I .,.. 

.Two in[ercsting observations were t11ild~.i~ndernin.!{the ; 
surface COVt~Nreacmcnts on the. field plot~; D~ring the 
seven years of our (if,ld study, once:,!lvegctatlve.coy~r of? 
either shrubs or grass is applied to the landfiU to\',er, thi~ 
trentment seems 10 dominate with lime: lii- additio'ri,gra~el· 
mulches increased (he plant cover on olir\~udy pl~ts.i:, 
having a larger innue,nce 00 gras!; ~:ovcr:Iiian ;0;1 shru.b,',·:': 
cover. Plots receiving no gravelml,l1ch~aie~'nged~L2% 
shrub cover, while piots withgravel:haifi120% larger'· '! 

percent ~aver. of shrubs; however~ tti~ aV~~1!g~ graS~' cover' '. 
on the plots with no gravel W{lS t6.3"%,~·onipared\vitlra ... 
42% increase in percent grasS cover du([o.g~avelmut~h·. 
These relationships are ex,lremely imp0t:tant in the s~n1i· 
arid and arid portions of the soulhv.:este(~, ponions'of:the .. .. 
United Slates. where plant co.ver can b~''I~ry :ti:u:d.lO . 
eSlablish on landfills. unlike die wetter portions of die 
United State~, ,." 

Cov~r relutionships on the landfill were:J~)UL1!'1 to ~. very~., 
" 

important in influencing runoff. Ground cover was found: , 
co be .s~~nificantly related to annual ~~off. iti sphe~ofche; 1 
fact that olher factors influencing rUllofr.: such as slope, , I 

were nol inken into account. Almost 6i '1«(of the variance' , 
in runprf wa~ described by a model desc,ribitlg a power:..' 
relationship between runoff and ground cover. This model. I 
pr~dicts that,as ground cover' illincrcDs¢Jro~n 30'to ~O%. I. 
annual runoff is reduced from S.8to 0:98 em', almo5~a .': t:~;: 
9·fold decrease. '." '; :-: .,', .!j. t, 

. , 

Several interesting relationships were qiiimtii1edb~lWeCn·' ..• ~ 
e,vapotri:mspiration estimates from theJield plots arid, :. ' :~: 
vegetation parametets. A regression m.e)del'clf our, field· .;' ... ; 
data predicts that increasing foliur and's~~~b:LAlbYollly· '.: 
0.15 (0.35 to 0.50cml / cm".t) results::in 11.% increases:in ;" :'!L 

lifetime evapotranspiration. ,Expressed Jii 'terms af pi,~~t :.:;, . t 
coverestilnates from point frames;' we' foun4 thardoubUrig: 
the percent 5hrub plus grass cover (25~t~el'l!es 50%)'on ,,' i ':~ 
the landfill cover increa~es lifetimeevapqu:anspiratiOriby'.: .,~. 
28%. Both of these observalions pro.vedtat evapotranspira: 
lion L~ a water balance parameter that th~ site operator clU'1 ~ , 
use to manage water relatiooshipson tll~'hm;dfiU~.: ;'... . 

....:....::" 

Different amounts of seepage oc::un:ed~tross the 's~dy, ' ; •. 
area as a function of landfill covet soil;prQP~riies;:,whjch, 
also influenced the lime wh~n seepageoccurred:~lirge .;::,: " 
amounts oheepage occurred o'n tne;eastlmd w~t p'!ot~ in~ :. 

i : " 

'I. 

i '-I 

shown to impact the amounts of solar radiation and 	 the winter and the spring. S~epage·occu~ed!much:less "/ 
frequently ~nd during the,spri~g ~,d~mm~r iiltl1e .,:, . / . 
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