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ABSTRACT 

A state-of-the art model developed by the U. S. Department of Agr i culture called CREAMS (A Field Sca le 
Model for Chemicals, Runoff, and Erosion from Agricultural Management Systems ) is used t o sim0l ate the hydro l og i c 
processes 1n soi l and-rock covers-at shallow land wa ste di sposal s i te s-:- App li ca tion of the CREAMS mode 1 in 
management of soil moisture and percolation at waste di sposal sites is discussed for diver se topsoil -backfill ­
cobbl e-gra vel trench cap designs te sted at di fferent f ield scale s. 

1NTRODUCT 1 ON 

The ab ility to accurately model shallow land 
burial facility performance is important for moni tor­
ing, regulat i on and evaluation of these facilities. 
The predictive capabi lity of a model is a criterion 
the Nuclear Regulatory Commission (NRC) uses to accept 
or reject a license application for a low level waste 
disposal site. lOCFR part 61 requires that modeling 
analyses provide a reasonable assura nc e that the 
di sposal site will meet NR C performance objectives. 
Hydrologic characterization of the site is required. 

These regulations have required the application 
of hydrologic models to compute a water balance for 
the surface and near-surfa ce area s of shallow land 
burial facilities. The CREAMS model has bee n success­
fully applied in waste management to simulate waste 
site configurations that minimize soil erolion of 
trench caps into underlying bur i ed wastes. 

This paper discusses the application of the 
CREAMS model in several low level waste burial scenar­
ios at different field scales. Observed and CREAMS 
calculated soil moisture values are compared for 
various topsoil-backfill-cobble-gravel configurations. 

THE CREAMS MODEL 

The CREAMS model was originally developed in 1978 
by the U. S. Department of Agriculture to evaluate 
non-point source pollution from agricultural lands. 

Howe ver, the CREAMS model , described in a USDA Con ­
servation Research Report,2 has been succes sful ly 
applied to sha l low land burial systems in ar id and 
semi ar i d area s of the West.3 

The CREAMS model is a cont inuous simula tion mode 1 
to pred i ct water balance. The model ha s hydr olo gy, 
erosion and chemis try components. The wate r b2 1 2nce 
concept and hydr ology comp~ n e n t 0 6 C~EAMS are brief ly 
described because they are import ant in t his ap pli ­
ation. 

Figure 1 illustrates the wate r bala nce at a 
shallow land burial site. It de picts the inte r active 
nature of surface and near sur face wa ter bala nc e 
dynam ic s at shallow land bur ial fa ciliti es . The w3ter 
balance for one-dimen si onal movement of water in the 
so il profile is descr i bed by the eq uation : 

ds 
. dt = P-Q-ET -L 

where ~ 
dt =time rate change in soil moisture 

P precipitati on 

Q runoff 
ET evapotransp i rat ion 

L seepage or percolati on 

t time 



CREAMS uses this equation to calculate the water 
balance of the soil profile to the plant rooting 
depth. 

The hydrolog i c component predicts runoff and 
infiltration and maintains a soil water balance by 
simulating ET and percolation. This component has two 
options: (1) a daily rainfall-runoff model based on 
the Soil Conser vation Service runoff equation4 and (2) 
an infiltration mode l based on the Green and Ampt 
infiltration equation.5 The daily option is applied 
he rein . 

Lane and Nyhanl described the hydrologic component 
of CREAMS as follows : 

"The soil profile, to the plant rooting depth, is 
represented by up to seven layers each with a repre­
sent ative depth or thickness and a water storage 
capacity. The evapotranspiration calculations are 
based on a procedure developed by Ritchie and include 
soil evapor ation estimates and plant transpiration 
estimate s based on a leaf area index. Flow through 
the root zone is computed using a soil storage-routing 
techni que based on the depth of the soil profile, the 
existing soil water content, and the saturated 
hydraulic conductivity. Although this procedure only 
comp utes saturated flow or percolation below the root 
zone, a soil water balance is maintained. 

Soil water storage in each of seven layers is 
subject t o evapotr ans pir ation (ET) losses based on the 
rooting depth and the wate r use rate in the surface 
layer. The result is an estimate of ET as a function 
of the total rooting depth and as a function of the 
roots in each soil layer." 

EXPERIMENTAL FACI LITY 

Model simulations were performed at experimental 
fac iliti es of varying field scales at the Los Alamos 
Eng i neered Waste Bur ia l Fac ility, Los Alamos, New 

Evapotranspiration 

1f 

Me xi co. Soil moisture measurements were made in 
controlled experiments in ca i ssons nea r ly at full 
field scale and at one field site in an actual shallow­
land waste disposal site. Additional deta il is given 
in a Los Alamos National Laboratory Repor t.6 Data 
from two experimental caissons, each 304.8 cm diameter 
and 609 .6 cm deep is presented . One caisson contained 
topsoil and crushed tuff; the second was filled wi t h a 
mixtu re of topsoil, cobb le and gra vel. The fie ld site 
was decorrmissioned in 1948 and has laid fa llow for 32 
years (Area B). Experimental field plots at Area B 
are 40 m x 40 m. Various combinations of to ps o;l , 
backfill, gra ve l and cobbl e were monitored at ea ch 
site (See Figures 2-5). 

DATA 

Observed so il mo i sture da ta was obtained for the 
1982-4 pe riod using a Campbell Pacific Mode l 503 
neutron moisture gauge. Location of soil moisture 
measurements for each site are given in Table l. The 
two soi l moi sture measurements (at two de pths ) ta k e ~ 
on each plot were averaged. 

CREAMS input pa rameters were obtained from f i e ld 
data (e.g. climatic data and topogr ap hic fa ctors ) or 
estimated from previous app lications of CREAMS t o 
shallow land burial systems at Los Alamos (e.g. contrc1 
variable, leaf area index, soil characterst ics ) . 
In pu t pa r ameters for the hydrologic component of CRE;~ s 
are given in TAB LE 11. Si te characterisics -- topsoil , 
prec ipitation, veaetable co ver and s lope -- are 

deta il ed in TAB_E Ill. 

A rooting de pth of 60 cm was ass u~e~ for the 
caisson and Area B sites. CREAMS pred i cts averaQE 
soil moisture over the rooti ng de pt h. At eac h si te 
this value was compared with the linear average of two 
ne utron probe so i l moisture measurements. 

Los Alamos 

Trench Cap 

llootiar 
Depth 

Wastes and 
Ba ct.fill 

0 0 
See a e 

Fig. 1. Water balance at a shallow land burial site . 
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TABl..E I 

1tio~ of neutron probe soil moisture 
asure~e~tS averaged for COffiparison 

with CREA~S predictions 

Depth from soi 1 
surf ace (cm) 

)ntro 1 and 
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-ol 
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TA8;.E III 

Site Characteristics 

sties Sites 

• G:O 

.6,, 
': ' 

ZE: 
. J: ,. 

60 cm 15 cm 

31' 
{. .... 
.:·. 

ion Natural (75 cm) natural 
plus supplemental 
irrigation (103 cm)• 

0% 
cover 1982-barley 

1983-alf alfa 

2-3% 
native 
grassmix 

precipitation sim~lates a water year 
a 100 year return period. 

11::: 

c.: 
r . . 

RESU~TS AND D!SC ~ SS!O~ 

The observed soil moisture averaaed over the 
rooting depth and CREA~ S -sim~lated so~ l mc i sture is 
presented for two field scales in Figures 2 to 5. 
Da i ly precipitation and sno~ data is also include~ i n 
these figures. Supplemertal moisture was adde~ to the 
caissons bringing the annua l precip i tat i on tc abo~t 
175 cm/yr (as opposed to about 75 cm/ yr for natural 
precipitation ) . An annJa l precipitation of that magni­
tude at Los Alamos has a probabi lity of occurring 
about once every 100 years. 

Ge nera ll y, at both site s , observec increase s in 
topso i l mo ist~re are corre 1 ate~ ... i t~ per iods o' sn o ~ 
co ver (a l thJ u g~ ca i sso•s were irrigatej 1_ D~r i r~ t~E 
surrrner gro~· i ng season soil moisture is rela:ive ly 
constant or decrease s s l ig~tly, des~ i te the occwrre• : e 
of surrrner precip i tation. Figures 2 to 5 she~ tr1::t tr,e 
CREA~ S mode l pred i cts observed soil moist~·e bes: in 
the su!TJ'Tler and fall; ma> i ~ ~,-, di verge:-,ce bet ... ee•, 
observed and predicted so i l mc ~ sture occurs in the 
1ointer 1> i t h snci-. co , er, sno-.-e l t and freeze / tha .... Tne 
two main descriptors of tne pla•t co~p onert, 
leaf area inde x (LAI ) and root i ng dep:~. are es: i ma:e~ 
and therefore may be subject to significant uncer­
tainties . 

The ca i sson data (FigJres 2 ard 3) sh o ~s t ne 
closest aaree~e n t of f i e ld data and mooe 1 p·ej i ct i cn s . 
CR~~~ s si~~lates the maj or increases and decreases in 
soil moi sture. The otse r .e~ soi l m: i st~re on tne 
experimerta l and cont· ~ 1 ca i ssc~s is ve·y cor-:::ra~ ~ e. 
exce~t for sp~~nc 1922, wher t n ~ e x oe~i~er:2· vcl ~­

me:ric so il m: ' si~·e i s ap;r oxi~a:e 1 y .05 uni:s hi gher 
than the control plot. This may res~lt fro~ tne 
soil / rock barrier des i gn serving as a cap i l lary ta·r ier 
pre\ent i na the do~n ... a·: f lo ... of wste•. Pre,iOJS 
studies6 ~ave shown that the mc i sture content of top­
s: il over a rock barr ier of:er meas ures se : eral vc l u~e 
percent higner than t o :s ~il ~c· s:Jre o'er a :~f~ 
barrier. 

At the laroer fie l d scale of Area B there is more 
variability bet;een the observed an~ c~~~~s-ored i cted 
soil moisture (see Figures 4 an~ 5). Ho~e v e r , CRE~~S 

still tracks increases and decreases in sci l mcis: ure . 
The greatest di screpancies be:~ee• observe~ a•: 
predicted soil moisture occur in the winter. 

Generally, CREA~S has bee~ sho~" to be:ter pred ict 
soil moisture under m~ re hu~id conj i : i ors ~~e·e f :o ~ 
is do~inated by g•a,ity.7 Unde~ drier c o •~ : :io n s, 
where capillary forces become importan:, G. ~.;~s mooe 1ing 
of soil mo i sture is less accurate. LA: va l ues f or the 
alfalfa and barley or the ca i ssJns site are derive~ 
fro~ agricultura l application of CR~.;~s. and cor:a i r 
less uncertairty thar LA I es: i ~s:es fer the n:::·ve 
grasses foJnd on Area B. 

The correlation be:~eer observe: an~ compwted 
soil moisture for the caissons and Area B are sn :~· in 
Figures 6 and 7 respective ly. Co·relatior coe&fi­
cients for caisson data for the experimental an~ control 
plots are respectively .73 and .4E. The co•relatio" 
coefficierts for Area B data are considerat ly lower 
than those for the caisson da:a -- .4C ar~ .21 for 
experime~tal and control plots respectively. Tnese 
results sho1> that CREA~s predicts soil mo i sture better 
(lower R2) for the experimental plots. It also ind i ­
cates tha: for Area B le ss tha~ 5: percer: o& t h ~ 

variation in observed soi l moisture is explaine: Dy 
CREAMS. 



1e sim~lation results demonstrate that agreement 
1 C~~A~S predicted and observed soil moisture 
~crea;es with (1) winter snow cover and snowmelt; 
creasing field scale; and (3) more complex 
1, backfill, cobble, gravel configurations. 

he CREAMS model has several shortcomings. The 
i model averages soil moisture over the rooting 

Observed data was collected with a neutron 
at one to three discrete points over the rooting 

; these values were averaged and compared with 
ated values. Water content typically does not 

1e linearly with depth; these data are therefore 
iximate and may be causing some of the discrepancy 
?en observed and predicted soil moisture. 

The CREAMS model simplifies so i l physics, intro­
ng potential sources of error into the simulat ion 

.lts. First, CREAMS assumes a linear relat ionship 
jescribe the change in hydraulic conducti vi ty with 
sture content in the topso i l. Second ly , percolation 
snot beg in until the soil water conten t in the 
ting zone reaches field capa ci ty. Thirdly, CREAMS 

1els wate r movement as a wett ing front; however 
lgering occurs wi th flow through cobble or gravel. 
Jrthly, CREAMS does not consider the effects of 
ozen soil, snow or snowmelt on the water balance. 
~ a lly , CREAMS does not consider lateral so il water 
•v ement . 

The leaf area index (L AJ) values used in CR EAMS 
re estimates; act ual LAI me asu rement s are scarc e. LAI 
nfluences evapotranspiration pred ic tions. In the 
~EAMS mode l , small changes in evapotr anspir ation can 
.ause large changes in run off and percol ation. Hence 
; t is important to have accurate LAJ data to minimize 
nodeling error. 

Even though the CREAMS mode l has shortcomings as 
discussed here, the results of this application suggest 
that CREAMS is usef ul for estimating the water balance 
of diverse topsoil-backfill-cobbl e-gravel systems. 

FUTURE CONSIDERATONS 

The results presented here suggest that consider ­
ation of the effects of frozen soil and snowme lt on 
the water balance should be incorporated into CREAMS. 
Secondly, since the CREAMS model has only recently 
been applied to waste di sposal sites under arid and 
semi -arid condi tions, add i tional research is req ui red 
to quantify mode l parameters (especially LAI and 
rooting depth ) under these conditions. Thirdly, rock 
barriers have been shown to act as capillary barriers 
preventing downward flow of water. Whether CREAMS can 
accurately model soil moisture throughout a soil / rock 
intrusion barrier design req uires further investigation. 
finally, lateral subsoil movement of so i l water toward 
and through the wastes below the trench cap should 
also be considered. 

Research designed to answer several of these 
questions is currently in progress. USDA -AR S is 
re vising the CREAMS model to account for frozen soil, 
snowmelt, and lateral water movement. Several 

experiments being conducted at the Los Alamos Engineered 
Waste Burial Facility and similar experiments in 
conjunction wi th USDA-ARS at Tombstone, Ar i zona , and 
Boise, Idaho wi ll provi de information on pa rameter 
values for arid and semi -arid areas in the West. 
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