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ABSTRACT

A state-of-the art model developed by the U. S. Department of Agriculture called CREAMS (A Field Scale

Model for Chemicals, Runoff,

and Erosion from Agricultural Management Systems) is used to simulate the hydrologic
processes in soil and rock covers at shallow 1and waste disposal sites.

Application of the CREAMS mode!l in

management of soil moisture and percolation at waste disposal sites is discussed for diverse topsoil-backfill-
cobble-gravel trench cap designs tested at different field scales.

INTRODUCTION

The ability to accurately model shallow land
burial facility performance is important for monitor-
ing, regulation and evaluation of these facilities.
The predictive capability 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. 10CFR part 61 requires that modeling
analyses provide a reasonable assurance that the
disposal site will meet NRC 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-surface areas of shallow land
burial facilities. The CREAMS model has been success-
fully applied in waste management to simulate waste
site configurations that minimize soil eroiion of
trench caps into underlying buried 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.

However, the CREAMS model, described irn a USDA Con-
servat1on Research Report, 2 has been successfully
applied to shallow land burial systems in arid and
semiarid areas of the West.3

The CREAMS model is a continuous simulation model
to predict water balance. The model has hydrology,
erosion and chemistry componernts. The water bzlance
concept and hydrology componert of CREAMS are briefly

described because they are important in this appli-
ation.

Figure 1 illustrates the water balance at a
shallow land burial site. It depicts the interactive
nature of surface and near surface water balance
dynamics at shallow land burial facilities. The water
balance for one-dimensional movement of water in the
soil profile is described by the equation:

-ods

qF " P-Q-ET-L
where ds : . . )

d gt = time rate change in soil moisture

P = precipitation
= runoff

ET = evapotranspiration
L = seepage or percolation
t = time



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

The hydrologic 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 Conservation Service runoff equation® and (2)
an infiltration model based on the Green and Ampt
infiltration equation.® The daily option is applied
herein.

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-
sentative depth or thickness and a water storage
capacity. The evapotranspiration calculations are
based on a procedure developed by Ritchie and include
soil evaporation estimates and plant transpiration
estimates based on a leaf area index. Flow through
the root zone is computed using a soil storage-routing
technique based on the depth of the soil profile, the
existing soil water content, and the saturated
hydraulic conductivity. Although this procedure only
computes saturated flow or percolation below the root
zone, & soil water balance is maintained.

Soil water storage in each of seven layers is
subject to evapotranspiration (ET) losses based on the
rooting depth and the water 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 FACILITY
Model simulations were performed at experimental

facilities of varying field scales at the Los Alamos
Engineered Waste Burial Facility, Los Alamos, New

Evapotranspiration

Mexico. Soil moisture measurements were made in
controlled experiments in caissons nearly at full
field scale and at one field site in an actual shallow-
land waste disposal site. Additional detail is given
in a Los Alamos National Laboratory Report. 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 with a
mixture of topsoil, cobble and gravel. The field site
was decommissioned in 1948 and has laid fallow for 32
years (Area B). Experimental field plots at Area B
are 40 m x 40 m. Various combinations of topscil,
backfill, gravel and cobble were monitored at each
site (See Figures 2-5).

DATA

Observed soil moisture data was obtained for the
1982-4 period using a Campbell Pacific Model 503
neutron moisture gauge. Location of soil moisture
measurements for each site are given in Table 1. The
two soil moisture measurements (at two depths) taker
on each plot were averaged.

CREAMS input parameters were obtained from field
data (e.g. climatic data and topographic factors) or
estimated from previous applications of CREAMS to
shallow land burial systems at Los Alamos (e.g. contro!l
variable, leaf area index, soil characterstics).

Input parameters for the hydrologic component of CREAMS
are given in TABLE Il. Site characterisics -- topscil,
precipitation, vegetable cover and slope -- are
detailed in TABLE I11.

A rooting depth of 60 cm was assumecd for the
caisson and Area B sites. CREAMS predicts average
soil moisture over the rooting depth. At each site
this value was compared with the linear averags of two
neutron probe soil moisture measurements.

Los Alamos
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Rooting
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b Ul
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Fig. 1.

Water balance at a shallow land burial site.




%)

VOLUMETRIC WATER CONTENT (

PRFECIPITATION (cm)

1982 EXPERIMENTAL CAISSON CREAMS MODELING

0.40
——— PREDICTED 60 cm
0.354 ©--©-© OBSERVED TOPSOIL
0.30 - -
25 cm
0.25 GRAVEL
—
0.20 .
7> cm
0154 COBBLE
0.10 -
40cm
0.05 - :
BACKFILL
OAOOYX|?\.'lll.l'l‘Tj‘!‘V“.I] "w1 LR |
1982 1983 1984
YEAR
CAISSON EXPERIMENT
10 b ' e
& SNOW DEPTH
i PRECIPITATION
8 L 1280
f ! v
! ‘ g
6| : l 960 =
i =
4 I 1[“ - 640 E
B
(] r}’ hat
2 b el - 320
I ‘ | E‘- é I
0 J L _3:1"':».'\ :g _“! g,ﬁk Ly i
o ] = 1 : L s i 1 1 B § 5
1982 1 1983 1984

Fig. 3. CREAMS simulation of volumetric water content
(top) and observed precipitation and snow
depth (bottom) for given Area B contro]
profile (top right).




1982-4 AREA B CONTROL---CREAMS MODELING

0.40 =
15 em
0.35 - TOPSOIL
&€
£ 0.30- " 18 cm
; pocQ :c © TUFF
€ 0254 T -
& 15 cm
f;- 0.20 - TOPSOIL
O
0154
5
£ 010 149 ecm
B PREDICTED TUFF
Z 0054 © " -° OBSERVED
0 OO T £ P & F : R i T | ] “F W kT ¥ X l ¥y Vk F R yE K
1982 1983 1984
YEAR
CLOSED-OUT LOW-LEVEL WASTE DISPOSAL SITE
AL LOS ALAMOS (AREA B)
1 1 [ 1 T o i i ]  ; T k| T i 1 1 o g
45 & SNOW DEPTH
4 |k | PRECIPITATION i
= | v
5 35 §
g °T 1 g
E 25 F =
= L - d =
g * ; ! 61 2
£ 15t ' | -
i | : J
1l ¥ ‘ l N L 12
1 R j 32
05 | & ‘§| Lo E
5 i Titl' Y
1982 l 1983 ' oss
YEAR

CREAMS simulation of volumetric water content
(top) and observed precipitation and snow
depth (bottom) for given Area B control
profile (top right).

Fig. 4.




1982-4 AREA B EXPERIMENTAL---CREAMS MODELING 15 cm

A TOPSOIL
—— PREDICTED -
~ 0.35 s--e--c OBSERVED
& 46 cm
Z 030 TUFF
&2 [~}
E % " =
S 025 R -| 25cm
s © i GRAVEL
m ,' .
£ 020
=
£ 0154 76 cm
5 COBBLE
§ 010+
1S
> 0.05-
S 63 cm
2 A 1155:27 | W T' TRy 1119|831 L 8 2 l L) 1984 Pl TLFF
YEAR
CLOSED-OUT LOW-LEVEL WASTE DISPOSAL SITE
AL LOS ALAMOS (AREA B)
1 I 13 » 1 i T W S . e E i 1
45 | & SNOW DEPTH
4 L | PRECIPITATION a
. | -
E 35 g
=
3t .
& 2
o
= 2F ! | s =
£ | | “ 2
E 15t | |
1E t !Irv‘ ! T KV
1 | | |
05 } & ‘ ‘ill 1)} i
| P B | L | N ,
o bt AL
1982 | 1983 I o8y
YEAR

Fig. 5. CREAMS simulation of volumetric water content
(top) and observed precipitation and snow
depth (bottom) for given Area B experimental
profile (top right).



Y COMPUTED SOIlL, MOISTURE

Y COMPUTED SOIL MOISTURE

CONTROL AREA B REGRESSION

040
¢ & & SUMMER
0354 © o o WINTER
+ + + OTHER
0.30
Y= .112 ~ 219X
.25
d2 R%= 21
0.20 1 n . s c
% P &
015-//
(o]
0.10 1 a
0.05 1
0.00 s : : : - -
000 005 0.10 015 020 025 030 035 040
X MEASURED SOIL MOISTURE
EXPERIMENTAL AREA B REGRESSION
040
& ¢ » SUMMER
0354 © o o WINTER
+ + «+ OTHER
0.30 1
025 1
0.20
Y= 0418 - 164X
0]5" R2= 40
010 5 g F
0054
000 d L | ] & X o | !
000 005 010 015 0:20 025 030 035 040

X MEASURED SOT1L. MOISTURE

Fig. 7. Relationship between measured and CREAMS-
predicted soil moisture for Area B.



D SOIL MOISTURE

.‘
»

Y COMPUTE

_,
’

D SOIL MOISTURF

v
'

Y COMPUTF

CONTROL CAISSON REGRESSION

040

& & ¢ WINTER
0354 ¢ o o OBSERVED

Y= 0044 - 639X
— R%= 48
0.25 4
0.20 4 . A~
015 c
&
0.10 1 ‘ gc o ©
foaed °
0054
OOO "8 1 1 L X 1 1
000 005 010 015 020 025 030 035 040
X MEASURED SOIL MOISTURE

EXPERIMENTAL CAISSON REGRESSION
040

& & & WINTER
0354 ¢ c o SUMMER

[+
030 -
0.25 - €
c
(o]
e Y= 0128 - 123 X
0154 R? = 73
0.10 -
005 4
0.00 : . i ' '
000 005 010 015 020 025 030 035 040

X MEASURED SOIL MOISTURE

Fig. 6. Relationship between measured and CREAMS-

predicted scil moisture for caissons.




2 TABLE 1
ition of neutron probe soil moisture
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with CREAMS predictions
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surface (cm)
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TABLE 111
Site Characteristics
stics Sites
Caissons Area B
60 cm 15 cm
ion Natural (75 cm) natural
plus supplemental
irrigation (103 cm)*
0% 2-3%
cover 1982-barley native
grassmix

1983-alfalfa

1 precipitation simulates a water year
a 100 year return period.

RESULTS AND DISCUSSION

The observed soil meisture averaged over the
rooting depth and CREAMS-simulated soil mcisture is
presentec for two field scales in Figures 2 to 5.

Daily precipitation and snow date is alsc includec in
these figures. Supplemental moisture was addec to the
caissons bringing the annual precipitation tc about

175 cm/yr (as opposed to abcut 75 cm/yr for natureal
precipitation). An annual precipitatiorn of that magni-
tude at Los Alamos has a probability of occurring

about once every 100 years.

Generzlly, at both sitos observec increases in
topsoil moisture are correlatel with periocs of snow
cover (although caissors were irrigated). Durirg tne
summer growing season soil moisture is relatively
constant or decreases slightly, despite the occurrerc
of summer precipitation. F1gures 2 to 5 sh thzt tn
CREAMS model precdicts observecd scil moisture besz in
the summer and fall; maximum dwverg—": be-wee"
observed and predicted soil mcisture occurs in the
winter with snow cover, snowmelt and freeze/thaw. The
twc main descriptors of the plart componenrt,
leaf area index (LAI) and rooting deptr, are estimated
and therefore may be subject to significant uncer-
tainties.

Mm M

The caisson data (Figures 2 arc 3} shows
closest agreemant of fielg data anc moge’ predic
CRZILMI simulates the major increases anc decreas
soil moisture. The observed soil mcisture on th
ar
vC

M

experimertal and contro? c=‘<s:'s is very coms
except for sprt m_ 1922, wher tre experirz-ta’
melric soil moisture 1s approximztely .05 units higher
thar the control p]ot. This may result from tne
scil/rock barrier design serving as a cepillary ta-rier
preventing the doknna*' fiom Of water. Previous
studies® have showr thzt the mcisture content of top-
scil over a rock barrier cfter measures several vclume
percent higner than tocsoil mcisture over & tuff
barrier.

At the larger field scale of Area B there is more
variability betweer the observec anc (RIAMIS-precicted
soil moisture (see Figures 4 and 5). However, CREAMS
still tracks increases and decreases in scil meistur
The greatest discrepancies betweer observec arc
predicted soil moisture occur in the winter.

m

Generally, CREAMS has been showrn to better predict
soil moisture under more_humic corditiors where flow
is dominated by gra.ity./ Under drier corZ:tiors,
where capillary forces become important, CRIAMS modeling
of scil moisture is less accurate. LAI values for the
alfaifa and barley or the caissons site are derived
from agricultural application of CRIAMS, and cortair
less uncertairty thar LA] estimates for the nzt-ve
grasses founc on Area B.

The correlation betweer observec and computec
soil moisture for the caissons and Area B are snow™ in
Figures 6 and 7 respectively. Correlatior coe®fi-
cients for caisson data for the experimental anc control
plots are respectively .73 ancd .48. The correlation
coefficierts for Arez B data are consideratly lower
than those for the caisson data -- .4C arZ .21 for
experimental and control plets respectively. Tnese
results show that CREAMS predicts scil mcisture better
(Tower RZ) for the experimental plots. It also indi-
cates that for Area B lesc thar 50 percert of ths
variation in observed scil moisture 1S expiainec by
CREAMS.
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e simulation results demonstrate that agreement
) CREAMS predicted and observed soil moisture
screases 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

; 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

je linearly with depth; these data are therefore

yximate and may be causing some of the discrepancy

2en pbserved and predicted soil moisture.

The CREAMS model simplifies soil physics, intro-
ng potential sources of error into the simulation
J1ts. First, CREAMS assumes a linear relationship
jescribe the change in hydraulic conductivity with
sture content in the topsoil. Secondly, percolation
s not begin until the soil water content in the
ting zone reaches field capacity. Thirdly, CREAMS

iels water movement as a wetting front; however
1gering occurs with flow through cobble or gravel.
Jrthly, CREAMS does not consider the effects of
ozen soil, snow or snowmelt on the water balance.
nally, CREAMS does not consider lateral soil water
wvement.

The leaf area index (LAI) velues used in CREAMS
re estimates; actual LAl measurements are scarce. LAI
nfluences evapotranspiration predictions. In the
REAMS model, small changes in evapotranspiration can
.ause large changes in runoff and percolation. Hence
it is important to have accurate LAl data to minimize
nodeling error.

Even though the CREAMS model has shortcomings as
discussed here, the results of this application suggest
that CREAMS is useful for estimating the water balance
of diverse topsoil-backfill-cobble-gravel systems.

FUTURE CONSIDERATONS

The results presented here suggest that consider-
ation of the effects of frozen soil and snowmelt on
the water balance should be incorporated into CREAMS.
Secondly, since the CREAMS model has only recently
been applied to waste disposal sites under arid and
semi-arid conditions, additional research is required
to guantify model 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 requires further investigation.

Finally, lateral subsoil movement of soil 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-ARS is
revising 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 with USDA-ARS at Tombstone, Arizona, and
Boise, Idaho will provide information on parameter
values for arid and semi-arid areas in the West.
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