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DEVELOPMENT GF AN ARID SITE CLOSURE PLAN

J. W. Nyhan and F. J. Barnes
Environmental Science Group
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

The purpose of this task is to develop a prototype plan
for the effective closure and stabilization of an arid
low-level waste disposal site. This prototype plan will
provide demonstrated closure techniques for a trench in a
disposal site at Lus Alamos based on previous NLLWMP-
sponsored SLB field research both at the Los Alamos Exper-
imental Engineered Test Facility, and at two waste dis-
posal areas at Los Alemos.

The accuracy of modeling soill water storage by two hydro-
logic models, CREAMS and HELP, was tested by comparing
simulation results with field measurements of soil mois-
ture in eight experimental landfill cover systems having a
range of well-defined soil profiles and vegetative covers
Regression analysis showed that CREAMS generally repre-
sented soil moisture more accurately than HELP simu-
lations.

Precautions for determining parameter valuus for model in-
put and for inierpreting simulation results are discussed.
A specific example is presented showing how the field-
validated hydrologic models develuped in this endeavcr can
be used to develop a final protntype closure plan.

INTRODUCTION

If we examine the ecosystem processes that influence site ci.sure and
long-term sito performance with potential impact on dose to man (Figure 1), we
no.e that water and soi. dynamics, as influenced by physical and biological
factors, account for most of th+ pectu. tumeec-reiated problems, For oxample,
erosion asso~intnd with the runoff from a tvench cap can breach the cnp and
expose waste to the biosphere. Consequently, erosion riates or the cap must ho
within tolerances that Jeave the cap intact over the: 100-200 year life uf the
LLW disposnl faciiity. Likewise, water that infiltrates into the trench ecap
can accumulate in the trench (bathtub effect) and/or percolate in association
with solutes into groundwater. F~recolation also enhances subsidence of the
trench cap as a result of decomposition of bulky waste in the trench. Fi-
nally, both plants and animals, in addition to playing an important role in
water balance, can peneirate into the waste and transport radionuelides to the
ground surface ns a result of root uptiake andZor burrowing activitics,
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FIGURE 1. Hydrologic processes effecting shallow iand burial sites.

Although tirench cap configurations are usually arbitrarily chosen, the
major point that this paper is making i1s that SLB design characteristics such
as trench cap thickness do not have to be arbitrarily chosen. Hydrologic mo-
dels are frequently used to estimate or predict water balance components in
agricultural and rangelund watersheds (Lane and Stone 1983, Lane et al. 1984,
Lrne and Barnes 1987), or to aid in designing reclamation projects for surface
mining or landfil! operations (Hakonson et al. 1982, Nyhan et al. 1984). The
choice of a model depends on the specific need. the dat available, and the
perceived accuracy of the sinulation resulrs. Comparisons between models for
a wide range of site conditions, and tests of the accuracy of the simulated
results are necessary for an informed chof.:e. Few such studies on commcnly
usad models have been presented.

In this study, the USDA model CREAMS (Knisel 1980) und the EPA model HELP
(Schroeder et al. 1983) were used to simulate soil wator stornge in eight ex-
perimental landfill cover systems over a two-year period. These models ore
widely used in the management of agricultural lands and hnzardous waste land-
fill systems. The methods of parameterizing the models are discusred.  Field
data on soil moisture and vegetation leaf area indices are presented for the
various cover treatments. Soil moisture values predicted by ench model are
compared with field data, and the accuracy of ench model assessoed.  An example



of how the CREAMS model can be used to optimize trench cap configurations at
Los Alamos, NM is then presented.

BACKGROUND

The CREAMS model (a Field Scale Model for Chemicals, Runoff, and Erosion
from Agricultural Management Systems) was developed and intended for modeling
field-scale agricultural systems (Knisel 1980). The model has been used in
several areas of waste management resecarch in semi-arid climates, including
erosion studies (Nyhan and Lane 1982}, water balance and primary production of
desert shrubs (Lane et al. 1984) and landfill ccver design (Hakonson et al.
1982, Nyhan et al. 1984). Both CREAMS and HELP have been tested in a limited
way with respect to percolation of water below a surface rooting zone, but not
in any detail with respect to the effects of native plant cover on soil water
storage.

CREAMS was used in the daily rainfall-runoff mode to obtain a complete
water budget (estimates of runoff, cvapotranspiration, percolation and soil-
water storage, or water content in the soil column to the depth of the rooting
zone) on each day that there was a precipitation event; using the simplified
water balance equation:

ds
d—t--P‘Q'ET"L (l)
where ds/dt = time rute of change in soil moisture, P = precipitation, Q =
runoff, ET = evapotranspiration, and L = seepage or percolation. Monthly and
annual water budgets are also obtained. The model is one-dimensional, cal-
culating the process of vertical transport of water in the scil column using a
seven layer representation of the profile from the surface extending through
the rooting zone of the vegetative cover. Initial responses to precipitation
are calculated on a daily time-step using a modification of the Soil Conser-
vation Service (SCS) curve number model (Knisel 1980).

An alternative model, HELP (Hydrologic Evaluation of Landfill Perfor-
mance) is presented as being directly applicable to most landfill designs. In
contrast to the purely onc-dimensional character of CREAMS, the HELP model
permits quasi-two-dimensional modeling of soil wuter movement by including
lateral flow simulation in drainage layers. Precipitation inputs are modcled
one-dimensionally down to the depth of lateral drainnge layers or impermecable
membrane liners. lateral flow out of drainage layers is treated separately.
The infiltration routine is similar to that vused in CREAMS, and there are
changes (claimed to be improvements) in the treatment of percolation and
evapotranspiration. The model is interactive and user-friendly, with default
climatic and soils data available for many regions in thz U, 8. Default esti-
mated vegetation data is also available to the user. Alternatively, the user
can specify parameter values specific to the site being modeled.,

Both models require data on soil characteristics, seasona! vepetation
characteristics and soil cover dasipn as fnput.  Monthly mean temperatures,
mean monthly solar radiation values, and daily precipitation fnputs are also
required.



MATERIALS AND METHCDS

The study area was a closed low-level radioactive waste disposal site
("Area B") located at Los Alamos National Laboratory in north-central New
Mexico. Area B (Fig. 2) has a generally uniform 5% slope and southeast as-
pect. Remediation treatment in 1982 resulted in three distinct soil profiies
being instailed across the site (east, west and cobble-gravel). Eight exper-
imental plots werc established on the site, distributed on the three soil pro-
files as shown in Figure 2. The topsoil used in the construction of the Area
B landfill cover remedial treatment is a local Hackroy sandy clay loam (Nyhan
et al. 1978). The crushed Bandelier tuff used as an overburden to the waste
material can be classified as a sandy loam. East and west control profiles
differ in the amount of sandy clay loam in the profile. The west profile is
more typical of landfill covers at Los Alamos, having about 15 cm of topsoil
over 85 cm of crushed tuff. The east profiie has a much higher amount of top-
soil (sandy clay loam) mixed into the profile as & result of reconstruction in
1982. and thus the east soil profiles have significantly higher water holding
capacity than the west soil profile. The "biobarrier™ profile has a layer of
cobble and gravel (as a barrier to capillary moiscure flow and biointrusion)
overlain oy 45 ¢m of crushed tuff and 15 cm of topsoil.

COBBLE
CONTROL GRAVEL CONTROL

NEW WASTE

g

OLD WASTE ~
COVER

Fiqure 2. Plan view and cross-section of study site, Area Bo Vegetation
covers arer bare (plots 12, 19, grass (plots 4, 12), shrubs (plots 3, 7, 11)
and 1/5 density shraba (plot 10),
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Each plot was 8 by 24 m (25 by 80 ft), oriented parallel to the slcpe.
The vegetative cover treatments included bare, grass and shrub covers (Table
1). The "bare” treatment was weeded frequently to remove all s~anding live
vegetation, resulting in a variable vegetative cover during the summer months.
The grass covers were weeded to remove forbs and seedling shrubs. Shrub
plantings of rabbitbrush (Chrysothamnus rauseosus subsp. laciszquameus (Cray;
H. & C.) were established in 1984 at tvwo densities: dense at 2.15 plants/m4,

and sparse at 0.43 plants/mz. These covers were weeded to remove grasses and
forbs.

Table 1. Plot numbers for each cover and soil profilc treatment a*
Los Alamos Area B site.

Soil Frofile

East West
Cover Treatment Control Control Biobarrier
Bare 2 13
grass/forbs 4 12
rabbi tbrush, dense 3 11 7
rabbi tbrush, sparse 10

Throughout the year. soil moisture distribution with depth was measured
with a neutron moisture probe (Campbell Pacific Nuclear Corp. Model 503,
Pach.co, CA) via access tubes at three or four locations per plot. The meas-
urement frequency was not great enough to follow each precipitation event and
thus data represent average trends in soil moisture.

Plant Parameters

Hydrologic models requirc estimates of leaf area index (LAI) and rooting
depth as input for calculating utilization of soil moisture by the vegetative
cover. LAl data are commoniy available only for crop species or grass covers.
In order t9 extend CREAMS and HELP modeling strategies to native plant covers,
it was nccessary to develop nondestructive methods that allowed frequent esti-
mates of LAI during the year without disturbing the vegetative cover on thte
plots.

Shrubs

A regression relationship was developed relauting shrub crown dimensions
and crown volume to total shrub biomass and tota) crown lnaf area. Rabbit-
brush shrubs of various sizes were horvested, both on the expoeriment sfce from
arcas planted specifically for harvest purposes, and from naterally occurcring
stands in other areas on Los Alomos Nationnl laboratory lands. Prior to har-
vest, crown dimensions (erown beipht, preatest diameter “l' and dianeter D,
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perpendicular to D)) were measured to the nearest cm. Three subsamples of
actively growing twigs were taken from the crown, and the rest of the crown
was separated into actively growing leaves and twigs (current season), and
secondary (older) twigs and branches. The subsamples were separated into
leaves and twigs and projected area of each portion determined using a leaf
area meter (LI-OOR, Inc., Model 3050, Lincoln, NE). The subsamplies and the
rest of the shrub's crown portions were then dried at 75°C for 48 h, and
weighed. Specific leaf mass, SIM (gm cm"z). was calculated for each sub-
sample, the mean computed for each shrub harvested and an overall mezan com-
puted for all shrubs sampled (Table 2). The dry leaf mass as a fraction of
dry mass of current growth was determined and tctal crown leaf area estimated
for each shrub. Several regression models relating crown biomass and leaf
area to crown volume and crown dimensions were used. Tests showed that the
highest correlation coefficients were obtained using spherical crown volume as
the independert variable of crown architecture in the regression models (Fig.
3). )

Table 2. Mean values, standard erroi1 (S.E.) and sample size (n) of
specific leaf mass (SLM, g/cm ) and leaf mass as percent of total
aboveground biomass (LM, %) for rabbitbrush and mixed grasses.

Mean
Value S.E. n
rabbi tbrush
SLM 0.016¢ 0.0013 33
LM 0.499 0.021 33
mixed grass
SLM 0.0243 0.0021 122
LM 0.424 0.023 104

Using. the relationshkips dcveloped. total biomass and leaf area indices
were periodically estimated for the plots with rabbitbrush cover. Shrub indi-
viduals were randomly selccted on =ach plot, and the canopy dimensions re-
corded. A mean spherical crown volume for the plot was computed, and biomass

and leaf area index estimated using the regression relationships and planting
densities.

Crass
Regression relationships were developed between visuolly estimated per-
cent cover and total aboveground dry biomass on the btare and mixed grass plots
as follows. On cach sampling date, quadrats (25 x 50 cm) were laid out ran-
domly on ecach plot. The locations were selected so as to sample over the
range of grass cancpy cover on the site. For cach quadrat, the percentage of
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Figure 3. Relationship between crown volume and total above-
ground bicmass of rabbitbrush.

ground covered by the grass canopy was estimated (percent cover). All stand-
ing biomass in the quadrat was clipped and bagged, and taken to the laboratory
for sorting. Each sample was separated into green leaf, green stem, and
standing dead fractions. Projected area was measured on the green fractinus.
All fractions were dried at 750C for 48 h, and then weighed. Biomass per unit
ground area, leaf biomasc as a fraction of total biomass (LB) and specific
leaf mass (SLM, or mass of dry leaf »er unit leaf area) were determined for
each quadrat sample.

Several regression relationships between biomass and percent cover were
developed and tested for the effect of time of harvest, plot location, or
vegetative cove,. Statistical analysis showed that effects of vegetative co-
ver (bare versus grass) and plot locations were not significant. Neither time
ol harvest, vegetative cover, nor plot location had a significant effect on
the overall SLM or LB. Time of harvest had a significant effecy and data were
analyzed by month to give four linear regression equations. In the final
analysis, it was found that use of the monthly regression equations had an
insignificant effect on actual LAl estimates for each plot, and in the fol-
lowing discussion, the overall linear regression equation was used (Fig. 4).
To estimate the changes in LAl during the growing season, percent cover was
estimated on cach of a series of either 50 or 100 randomly placed quadrats on
cach plot. The overall regression equation was used to estimate average total
biomiss, and LB and SIM used tuv calculate LAT.
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Figure 4. Relationship between canopy cover and total above-
ground biomass of mived grasses at Area B.

Modeling Studies

The modeling studies were conducted in two phases. Initially, a series
of CREAMS simulations were conducted to optimize values of hydrologic soil
parameters. Secondly, CREAMS and HELP simulations were conducted on all ex-
perimental scenarios using the optimized parameters and, for HELP only. using
the model’s default values. )

Lane (1984) gives a range of possible values for each soil parameter re-
quired for CREAMS (saturated hydraulic conductivity, pare soil evaporation,
porosity, field capacity and wilting point). The optimum values were chosen
by initially conducting a series of simulations to explore the capability of
the models to reproduce osbserved profile averaged soil moisture trends from
1983 to 1985 on the west control plot 11 which had a dense rabbitbrush cover,
a standard lardfill cover soil profile. and a two-year record of soil moisture
measurements prior to the start of the study (Nyhan ct al. 1986).

The basic structure and initialization uf the model was established using
known site specific data, actual daily precipitation totals for 1983-1985, and
20 year averages of air temperature and solar radiation for Los Alamos. LAl
in 1983 and 1981 was cstimated so as to agree with observed scasonality in
growth patterns and LAI levels attained by herbaceous weeds in 1085. For
1985, estimates of LAl were based on field measurements on shrubs and
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herbaceous weeds. Instead of using recommended values for soil hydrologic
parameters of the approp-iate soil texture classes represented on ocur site
(Knisel 1980, Lane 1984, Schroeder et al. 1984), several simulaticns tested
the effects of varying the parameters over the reported ranges on predicted
average soil moisture content.

First, average values of certain soil parameters (saturated hydraulic
conductivity, field capacity and wilcing point) were used as recommended by
Lane (1984) and Schroeder et al. (1984) for the soil texture classes repre-
sented in the plot 11 soil profile. Second, the ranges suggested for the soil
texture classes (Lane 1984) were tested. Third, the effect of using the meas-
ured saturated hydraulic conductivities of the specific soils on the site
(Abeele 1984) was tested. Finally, after determining which parameter values
maximized the fit between observed and predicted retention and drainage of
sonil water, the curve number wvas adjusted to obtain the best possible repre-~
sentation of infiltration of precipitation from summer scorm events.

The performance of CREAMS in predicting soil moisture on plot 11 at Area
B was assessed at cach step. The observed field values were averaged over
three measurement depths (20, 40 and 60 cm) and over four locations on the
plot to give one mean soil moisture value for each measurement time. Best fit
of the predicted to the observed soil moisture patterns was assessed by the
standard technique of regression analysis with aim of maximizing the corre-
lation ceefficient (rz) and optimizing the slope and intercept of the regres-
sion line to approach the equal value line (Pathak et al. 1984). The param-
eters that produced the optimum CREAMS simulation (summarized in Table 3) were
the minimum saturated hydraulic conductivicy of any layer (RC=2.5 x 1078 s
for Hackroy sandy clay loam); and the average field capacity (19%) and average
wilting point (8%) for sandy loam. The curve number used for the SCS repre-
sentation of infiltration and runoff was 95, which resulcs in 95% of precipi-
tation becoming runoff, and 5% infiltrating into the soil profile. These same
parameters were used to initialize a 3 year simulation of plot 11 data using
the HELP model {version 1).

The optimum CREAMS simulation and the corresponding HELP simulation as
well as observed field duata are shown in Figure 5. When the predicted and
observed soil moisture were cumpared point for point by regression analysis,
large differences (under or over-predictions) were observed. Using the corre-
lation coefficient as a measure of overall goodness of fit, only a porticn of
the variation in soil moisture is explainable by the algorithms in the modeis
(23% for CREAMS, 34% for HELP). This implies that a large proportion of the
variability in soil moisture results from processes either poorly represented
or absent in the models. In both models, water transport from the surface
zone (2 to £ cm) to the layers below is a simple power function of soil water
storage in the surface zone. Percolation below the rooting depth does not
occur unless storage plus inflow exceeds field capacity. These simplifi-
cations of the soil hydrologic system, which undoubtedly contribute to the
reduced accuracy of predictions on a daily time-step basis, may be loss im-
portant if monthly or quarterly totals ¢f water balance components are used to
assess model performance. It is very clear that HELP pgrossly underestimates



Table 3. Optimized parameters for CREAMS simulation of soil water
storage on plot 11.

Soils: © to 15 cm, Sandy clay loam (SCL)
16 to 75 cm, Sandy loam (SL)

Rooting Depth: 76 cm (30 in.)
8CS curve number: 95

Slope: 5%

Area: 0.40 ha (1 acre)

Soil Parameters:
Saturated hydravlic conductivity:

SCL 2.5 x 102 m/s (0.0035 ir/hr)

Porosity: SCL 0.46
SL 0.46

Field capacity: SCL 0.34
SL 0.19

Wilting point: SCL 0.15
SL 0.08

average soil moisture to the depth of the rooting zone throughout the 3 year
simulations. This is due in part to the apparently excessi''e ET estimates
predicted by HELP which result in soil moisture depletion to a very low level.

RESULTS AND DISCUSSION

Leaf Area Indices -

The estimatea LAI value for 1985 and 1986 are summarized in Figures 6-8.
The high spring rains of 1985 resulted in a dense growth of cool season
grasses and forbs on all plots. After weeding in June 1985, LAI dropped and
from thut time, the plots were kept weeded as much as possible. In those
cases where cover was not measured directly after weeding, a LAI value of 0.0l
on the bare plots was assigned to the postweeding date.

Shrub LAI was not very different between the three densely planted plots

by the end of 1986 (0.68 to 0.78). Plot 10, with 1/5 the density of shrubs,

had about 1/3 the LAI of the densely planted plots, and a larger average size
per individual.

Soil Moisture

Ditfferences in soil moisture retention by the three profiles can be scen
by comparing average soil moisture (20-G0 cm depths) on plots with similav

10
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Figure 5. Observed average soil moisture (20, 40 and 60 cm dcpths)

and average soil moisture predicted by CREAMS and HZLP simulation
of plot 11 scenario (1983-1985).

vegetative covers (Figs. 9-11). Under all three vegetative covers (bare,
grass and dense shrubs) it is readily apparent that the east profile (high
percent sandy clay loam) retained more soil moisture throushout the year than
the west profile which is predominantly crushed tuff overlain with a thin
layer of sandy clay loam topsoil. The cobble-gravel profile was consistently
drier than either the east or west profile. This was most likely due to
lateral drainage of soil moisture ebove the gravel layer &s well as to more

complete water extraction by the plant roots in the shallower soil profile
above the cobble-gravel layor.

The effect of vegetative cover can be assessed by comparing plots with
similar soil profiles. in both the comparisons, soil moisture was lowest
beneath a shrub vegetative cover. On the cast plots, it i{s also apparent that
in the profile under the shrub cover soil moisture started to decrease in May

1985 when the temperature had risen and the plants started to grow actively
and thus transpire water actively.

This decrease in soil moisture continued through September 1985, wi:h the
result that average soll moisture was about 2/3 the values measursd on the
grass and bare plots. Although soil moisture increased on all plots with
spring snow melt and again with summer rains in 193G, the soil moisture on the
shrub plots never recharged to the levels observed on grass and bare plots.
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Figure 9. Soil moisture (average 20, 40 and 60 cm depths)
in bare soil plots with different soil profiles.

Spring precipitation levels were higher than usuai in 1985, resulting in a
very high soil water content on all plots in early Spring 1985. Winter
1985-86 was nlso drier thon usual and the general downward trend in soil water
storage continued until the summer monsoon rains began in 1986. June had ex-
cepticnally high rainfall, Septembar thraugh Novemboer had higher thon normal
rainfall, and soil water rccharge is appurent in most plots.

At the end of thc 1986 growing season, soil moisture on shrub plots was
several percent {by volume) below grars and bare treatments. The soil mois-
ture nverages are for the 20, 40 and 60 cm measurcment depths. Since the ncu-
tron moisturc probe has a measuroment sphere-of-influence of up to 20 cm ra-
dius in soil. o conservative estimnto is that the average of the thce meas-
urements represents 9 to 70 cm of soil depth. Using this soil depthy the
totn]l soil water stornge way calculated 1t the approximate start and end of
the growing scosons for 1985 and 1936. The differcnces between tho treatments
on the cast control profile suggest that after 2 years, ET from the shrub
cover resulted in 6.9 cm less water stored in the shrub so!l profile than in

the bare prof!le, nnd 3.6 cm less water than in the grass profile. Similar
trends were noted on the west plots.
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Figure 10. Soil moisture (average 20, 40 and 60 cm depths)
in dense grass plots with different soil profiles.

Prediction of Soil Moisture

The overall predictive power of each model was tested by assessing what
percentage of the variability in the observed data was explained by model pre-
dictions in two ycar simulations or. all soil/vegetation combinatinns. For
CREAMS runs, the optimized parameter values for soil hydrologic properties
were used. For HELP runs, simulntions were first performed using the CREAMS
optimized values, and then repented using the default valucs supplied by the
HELP mode). Ench plot had soil profiles with varying percentages of sandy
clay loam and sardy loam soils. For each plot, profile values for hydrologic
parameters were calculated ns weighted averages of the optimum field capac-
ities and wilting points already determinzd. The driving varinble was 1985
and 1986 daily precipitation totals. The first field measurement of 1985 was
used to initialize profile soil moisture in CREAMS simulations. LAI data spe-
cific for each plot was used (Figs. 6-8).

The overall predictlive power of cach model was assessed by o linear re-
gression annlysis of predicted versus obscerved average soil molsturc over oll
plots (Fig. 12). For the CREAMS model, the values are well clustered about
the equal values line. The variability is high, and only G2% of the varin-
bility fn the observed soil moisturc values is explained by the algorithms of
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Figure 11. Soil moisture (average 20, 40 and 60 cm depths)
in shrub plaots with different soil profiles.

the model. Nonethzless, over a wide diversity of soil profiles and plant
covers, the mcdel predicts soil moisture with acceptable accuracy.

In contrast, the overall regressions of the HELP predicted soil moisture
values shows that neither the CREAMS optimized soil porameters nar the default
soi]l parametors gave acceptable estimates of soil molsture. The CREAMS-opti-
mized paramnters resulted in excessively low estimates of snil moisture re-
gurdless of precipitation evenuts. The use of default valucs for parameters
ralsed the averoge level of predicted soil muisture, but thero was still u
sorious luck of correspondence between observed and predicted soil moisture,
~8 suggestoed by tho small slope of the regression line (0.33). The range of
soil moisturc was sevaorely restricted compared to observed values, with lELP
undecrestimating soil moisture when field soil moisture was high, and uver-
ostimating moisture when field soil moisture was actually low. It {s note-
worthy thnt HELP did not allow soil moisture to decrense below nbout 14%,
rogardless of the profile composition or the time since precipitation. In
ndrdition, soi) wntor recharge was significantly below what was actually ob-
served in the ficld. The necessity foi considering the correlntion coef-
ficiont (r?), the slope and the intercept of the regression line. and the
proximity of the line to the equal values line in evalunting the modcl pre-
dictions can be seen by comparing the two HFLP regressions.  The optimized



CREAMS PREDICTED VERSUS OBSERVED

PREDICTED SOL MOISTURE (% VOL)

PREDICTED SOIL MOSTURE (% VOL)

SOIL MOISTURE, ALL PLOTS
%0 | .:‘.& -'i“A
. y *
Y =843 0.73X Fi
%" pe062 1 ¥,
o .
2 | . :. a\" °
v *
[ ]
) .
8 |
- ea 04 *
10 Q__.-".. .
o
-
-
s Ol 1 L L N
8 10 19 a0 26 30
OBSERVED SOiL MOISTURE (% VOL)
’ HELP PREDICTED VERSUS OBSERVED
BOIL MOISTURE, ALL PLOTS, DEFAULT PARAMETERS
W1
25 r
20
18
-"..‘.‘
0, i
5 IIIIII 1 2 N |
8 10 15 20 26 30

OBSERVED SCIL MGISTURE (% VOL)

ELP PREDIOTED VERSUS OBSEAVEJ BOIL MOISTURE,
ALL PLOTS, HELP-OPTIMIZED PARAMETERS

0
."'...
sl /
Y = 7.07 + 0.28X
) =081
20 e
o l .’

o .. » ‘

18 o e 0y ]

0] ,.:.0 ﬁ'

B Vmea . A i
L] 10 16 20 25 0
QBSFAVID SOIL MOISTUNE (% VOL)

PEECICTED SOA MOISTURE {% VOL)
,
%,
~

Figure 12, Regreassion celationships between obaerved
averoge soil momture ond aoil moisture predicted by
CRECAMS, HIEL P using default parameters and HELD
ualigg optimized porometers,

14



values produced a regression with a higher overall correlation coefficient (r2
= 0.51) and a lower intercept value (both indicative of good fit), but had
lower slope than the regression of default parameter runs. In addition, in-
spection of the regression plo: shows that the predicted values are far from
the equal values line, and that the higher correlation coefficient is the re-
sult of some model-produced extreme restriction of the range of values pro-
duced.

These results suggest several areas of research which would be fruitful
to pursue. The west plots have a more clearly stratified soil profile, con-
sisting of crushed tuff and a thin layer of top soil. This combination in no
way represents a natural soil. The crushed tuff is a finely-ground, sterile,
compacted layer, which does not support vigorous plant growth. Presumably,
plant roots do not penetrate this layer well. The topsoil layer is easily
erodible, and there is a sharp boundary between the layers. Abrupt discon-
tinuities in the soil profile will possibly result in lateral flow of sub-
surface water. Such processes are not accounted for by either model. In con-
trast, the east plocs generally had much more topscil in the profile, and more
ciosely resembled agricultural soils. It would be advantageous to examine the
hydrologic properties of constructed, artificial soil profiles in greater
detajl. Neither CREAMS nor HELP is likely to be able to represent the
movement of water in constructed profiles without more accurate assessment of
soil properties and better representation in the models of water extraction
processes by plants.

With respect to the vegetative cover, the LAI estimates on shrub and bave
covers were more accurate than on the grass covers. Field measurements on
grass covers were found to have high errors associated with them, even after
doubling the number of samples from 50 to 100. Methods of estimating LAI arc
tedious, time-consuming, and relatively inaccurate, and there are few data
published in the literature. Development of relationships between LAl and
casily measured parameters (e.g canopy cover) for individual species are
needed. For grasses, the neced is obvious.

Previous tests of CRFAMS modeling of soil water storage (Devaurs 1985)
showed that the accuracy of predictions of soil water storage decrcased with
the ficld scale of the study and with increasing artificiality of the soil
profile. Similar conclusions were reached by Pathak et al. (1984) who found
that agreement between observed ond simulated runoff decreansed as watershed
size and soil heterogeniety increased. Both these studies reported corrve-
lation coefficients of the regression relationship between observed and pre-
dicted paramcter values of 0.21 to 0.76, similar to the range in this study.
In addition, the slopes of the regression lines were from 0.91 to 0,49 (Pathak
ct al, 1981) and 0.16 to 0.22 (Nevaurs 1985), indicating that the tendency of
CREAMS to underestimate the dynamic range in sensonnl soil water storapge is
also reflected in an underestimate of the range of runoff volumes. The wide
range in r  values and regression line slopes reported in these studies and
the present study shows that the absolute values of predicted water balance
components may be accurate only under certain conditions, such as relative
uniformity of soils and slopaes.



SUMMARY AND DEVELOPMENT OF PRCTOTYPE CLOSURE PLAN

Simuiations of the different scenarios were made using the CREAMS and
HELP models. Parameter values for soil hydrologic characteristics were op-
timized using cdata for a shrub plct for which there was a four-year record of
soil moisture (two years prior to the start of the experiment plus two years
during this study). Optimization was performed by varying values within rec-
ommended ranges for hydraulic conductivity, field rapacity, wilting point and
curve number and then performing a linear regression analysis between observed
and predicted soil moisture over a three year period. The process was re-
peated until it was apparent which combination of parameter values resulted in
the highest correlation coefficient (indicating the least amount of scatter in
values), the slope of regression line closest to 1.0 (indicating a dynamic
range in predicted values that most closely approximates the variability ob-
served in the field) and an intercept closest to 0.0 (indicating an absolute
value of soill moisture values most closely resembling the observed values).

The optimization exercise made it very obvious that v ues for these
parameters derived from laboratory studies mnay be very different from values
in the field. In addition, the process of constructing a lundfill cover may
greatly change the effective value of such parameters compared to values for
soils under more natural conditions. As noted by Hartley (1984), the accuiacy
of a simulation result depends on the precision with which the parameters can
be evaluated. Field evaluution of soii hydrologi: parameters would greatly
increase the abisolute accuracy of the modeling results.

Simulations of all treatment scenarios were poerformed for o two year
period with CREAMS (using optimized soil parameters), and with HELP (using
nptimized soil parameter values and also again using the default parimeter
values as supplied by the HELP model}. Predictions of soil moisture using the
CREAMS model more closely resembled the measured soil moisture over a range of
soii and vegetation treatments than predictions obtained using the HELP mode!l
using either set of soil parameter valu's. The HELP mnde) produced predicted
values for soil moisture closer to observed values when default soil pavamater
values were uscd than when using the CRIANS-optimized values. Simulations of
the coast profile treutments were more accurate than those of the west profile
treatments. This may be because the cast profiles more closely resembled a
natural soil profile than the west profiles. Treatments with shrub or bare
covers were more nccurntely modeled than t-eatments with grass covers.

The CREAMS model should be used with several precnucions. Actunl values
for soil hydrologic parameters will undoubtedly produce better results than
values assumed on the basis of soil texture class., However, the use of ap-
proximate values may still produce usefnl comparisons bYeitween different land
management scenarios, and may well indicente with good accuracy the relative
results of design scenarios.

Nonctheless, we can use CREAMS to optimize conlipgurations ot specific cap

materials,  For example, an fmportant variable in th design of an SLB trench
cap {s the thickness of the enp materinl, Optimizing water storage capacity
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of the cap where it can be pumped back to the atmosphere by evapotranspi-
ration, provides a potentially effective means of praventing percolation. The
potential effect of increased trench cap thickness in site closure designs on
various cowmponents of the water balance for both vegetated and the bare soil
conditions is illustrated in Figure 13. If we focus on seepagc or percolation
as a function of increasing cnp thickness, we see that increasing thickness
had little effect under bare soil conditions, tut as thickness increased to
about 1 m, seepage below the vegetated surface reached a minimum dictated by a
plant rooting depth of 1 meter. Further increases in cap thickness had little
effect on seepage because the plant roots could not exploit the deeper re-
gions,

Using this approach we will evaluate closure designs with and without
partial gravel covers f- - erosion control, as well as rock biointrusion
barriers. This will be n. for meteorological conditions to encompass the
averege (Figure 13) and cecord wet years, as well as for various vegmtative
covers. The cost effectiveness and practicality of various designs will be
evaluated with the help of our site operator, who will have a major input into
the selection of a final closure design.

47 .
Evepotanspiration i
Range Grass Cover
43 -
—
=
L
(4})
2 9 ,
‘>° Bare Sail
QO - l
.a) .'.““""'“l*'l'ill---1..----.----o-.--.-----.n-.---lul-nun ----- «
(e} o’
Q 4
3o -r—r | I r- [ n| m| ]
2
T ] Seepage
©
3 o,
E (i = . ¢ ...‘lllll"l.llunilll"lln-....."...-..‘..-..".......'..-'..---..‘
) 4
(=) Bare Soil
T
Q
g
2
Ranyo Cr?ss Caver
o
L S et el B [ p— )

0 0.1 06 0.0 12 1.5 18 o
Tronch Cap Thickness (m)

Figuee 18, Predicted averoge annual hydeologice values as

o tunction of sandy-loam trench cap thickness at | os Alamos,

NM, 1951-19710,
10



LITERATURE CITED

1. Abeele, W. V. 1954. Geotechnical aspects of Hackroy sandy loam and
crushed tuff. Los Alamos National Laboratc¢.y Pepert LA-C916-MS, Los Alamos,
NM.

2. Devaurs, M. 1985. Use of CREAMS in exper‘mental desigrs for shallow land
burial of low level wastes. Waste Management '85, Tucson, AZ. ius Alamos
National Laboratory Report LA-UR-85-663, Los Alemns, NM.

3. BHakonson, T. E., Lane, L. J., Steger, J. G., and Lelocrter, G. L. 1982.
Some interactive factors affecting trench cover integrity on low-level waste
si tes NUREG:CP--00228 CONF-820674, Vel. 2, NRC: Site Characterization and
Monitoring Symposium. Arlington, VA.

4. Hartley, D. M. 1984. Runoff and erosion respnnse of reclaimed surfaces.
J. Hydraulic Engin. 110:1181-1199.

5. Knisel, W. G., Jr. (Ed.). 1980. CREAMS: A field-scale model for chemi-
cals, runctf, and erosion from agricultural mnagement syzcems. USDA-
Conservation Research Report No. 26.

6. Lane, L. J. 1884. Surface water managemen:: A user's guide to calculate
a water balance using the CREAMS model. LA-10177-M Los Alamos National Lab-
oratory, Los Alamos, NM.

7. Lmne, L. J. and Stone, J. J. 1983. Water balance cnlculations. water use
efficiency and above ground net production. HMydroluzy and Water Resources in
Arizona and the Southwest, Vol. 13. Office of Aria Land Studies, University
of Arizona, Tucson, Arizona, pp. 27-34.

8. Lane. L. J., E. M. Romney, ond T. E. Hakonson. 1984, Water balance cal-
culations and net. productior of percennial vegetation in the northern Mojave
Desert. Journal of Range Management 37(1):12-18. i

9. Lane, L. J. and F. J. Barnes. 1987. Water bainnce calculations in
southwestern woodlands. Pp. 480~4S8 in R. L. Everett (ed.). Proceedings -
Pinyon-Juniper Conference, Reno, N/. U.S.D.A. Forest Service Gen. Tech. Rep.
INT-215.

10. Nyhan, J. W., L. W. Hacker, T. E. Culhnun, and D. L. Young. 1978. Soil
survey of Los Alamos County, New Me<icu. Los Alamos Scientific Laboratory Re-
port LA-6779-MS, lLos Alamos, NM.

11. Nyhan, J. W. and L.. J. Lane. 1082. Use of a state-of-the-art model in
generic desiens of shallow land repositories for low-level wnstes. Pro-
ceedings Waste Management '82 2:235-2:44, University of Arizona, Tucson, AZ.

12. Nyhan, J. ¥., G. L. DePoorter. B. J. Drennon, J. R, Simanion and G, R.

Foster. 1981, Erosion of earth covers used in shallow land burial atv los
Alamos, New Mexico.  Journal of Eavironmental Quality 13:361-36G6.

20)



13. Nyhan. J. W., T. E. Hakonson and '. A. Lonmez. 1936. Carrective measures
technology for shallow land burial at arid sites: field studies cf bio-
intrusion harriers and erosion control. Report LA-10573, Los Alamos National

Laboratory.

14. Pathak, C. S., F. R. Crow. and R. L. Bengston. 1984. Comparative
performance of two runoff models on grassland watersheds. Transaction ASAE

27:397-406.

15. Schroeder, P. R., J. M. Morgan, T. M. walski, and A. C. Gibson. 1984.
The hydrologic evaluation of landfil! performance (HELP) model. Vol. I and
II. EPA/530-SW-84-010 U. S. Environaental Protection Agency, Office of Solid
Waste and Emergency Response “Yashiugton, DC

21



