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Numerical Modeling Studies on the Alternately Pulsed Infiltration and Subsequent
Evaporation of Water in a Dry High Desert Alluvial Soil
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Reynolds Electrical and Engineering Co. inc.

P.O. Box 98521 , Las Vegas, NV. 89193-8521

Abstract: The concept of no liquid-phase migration of low-level radionuclides is
extremely important for the U.S. Department of Energy, Nevada Operations Office
(USDOE/NV) Low-Level Radioactive Waste Management Sites (RWMS) in Areas 3
and 5 of the Nevada Test Site (NTS). Each site location is situated in an area
known for its dry conditions.

A series of computer modeling problems were set up to study the effects of
pulsing the desert surface with large amounts of water, followed by intense
evaporative conditions. The pulsed-water scenarios were run using an in-house
model, named "ODRECHB," which is briefly described. ODRECHB is particularly
adapted to model the dry desert alluvium and extreme evaporative conditions
found at NTS. Comparable results were obtained using the well known Battelle NW
code "UNSAT-H 2.0," by Fayer and Jones.

The realistic-to-overly conservative water applications to a bare soil surface did not
cause water to infiltrate below ten meters. The results are shown on the
accompanying video tape.
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Numerical Modeling Studies on the Alternately Pulsed infiltration and Subsequent
Evaporation of Water in a Dry High Desert Alluvial Soil

This study is part of a series of efforts designed to study the fate of rainfall which
falls on selected areas of the Nevada Test Site (NTS). These sites, which are
typical of high-desert areas of the Southwest, are characterized by a faiiiy uniform
dry alluvial soil or vadose zone whose thickness averages 240 meters from the
land surface to the water table in Area 5 of NTS. The annual rainfall in these areas
averages around ten centimeters (4"). Most of the rainfall is deposited in brief, but
intense, summer thunder storms. One question of concern to those who manage
desert sites is: Where does the water go? Does it enter the soil surface at such a
rate that gravitational forces predominate, with water flowing downwards,
eventually recharging the uppermost aquifer? Or are the upwards evaporative
forces at the surface strong enough to confine the water to near-surface?

A series of computer modeling problems were set up to study the effects of
pulsing the surface of the alluvium with large quantities of water, with surface
evaporation in effect between the pulses. The model used, "ODRECHB," is
described in the appendix. The water pulses used were the equivalent of one inch
of water entering in a one hour period (60.96 cm/day for one hour). The
inter-arrival time between pulses was 1, 2, 4, and 8 days; each run simulated
48 days. Although we have the capability of continuously varying the
soil-atmosphere boundary parameters, the evaporation at the surface was held
fixed (and at a high level) between the "storm" events. These initial runs were not
intended to simulate realistic weather conditions.

The pulsed water applications, with interim evaporation, as simulated did not cause
water to infiltrate below ten meters. The accompanying video tape shows the
results. A more complete set of scenarios, with varying degrees of realism, is
currently being undertaken.



APPENDIX: Brief Description of the Model ODRECHB: A Dynamic One-Dimensional
Vertical and Isothermal Heterogeneous Vadose Zone Water

and Water Vapor Transport Model

In order to adequately model the effects of rainfall in a hot desert environment, it is
essential to account for water vapor flow (in addition to liquid water), and to
establish a realistic soil-atmosphere boundary. Models developed for mainly
agricultural purposes seldom meet these requirements. For our modeling efforts,
an in-house 77 Fortran code was developed, called "ODRECHB," which is
constructed specifically for the very-dry high-desert alluvial soils found on the NTS.
The model is based en the dynamic one space dimensional version of the Richards
equation. ODRECHB runs only isothermally at this time, but has the following
features:

• The soil boundary is strongly coupled to the atmosphere.

• It allows varying the atmospheric driving variables for air temperature,
relative humidity, wind speed, and rainfall rate during the course of a
run. That is, it allows the use of a realistic weather data file.

• It allows the use of an auxiliary table to vary the evaporation potential
at the surface over a diurnal cycle.

• It may run both with non-homogeneous soil layers and non-uniform
spacing. These features are of use in modeling various "cap" designs
over waste disposal areas.

• It allows for ponding to develop when the surface node(s) become
fully saturated.

An existing model which also has these main features, and additionally models
heat flow, is the well-known Battelle NW code "UNSAT-H 2.0" by Payer and
Jones. When UNSAT-H is run isothermally, there is no major difference between
ODRECHB and UNSAT-H. (There are dfferences, which mainly involve solution
methods.)



The model problems used for the pulsed infiltration studies have been used as a
first step in verifying ODRECHB code with UNSATH-H. Given data sets which
describe the same input conditions, both models give essentially identical results.
A more comprehensive set of verification tests is in progress. The results of the
verification runs will be published at later date.

The document describing ODRECHB, "A Dynamic One-Dimensiona! Vertical and
Isothermal Heterogeneous Vadose Zone Water and Water Vapor Transport Model,"
is currently under review and is planned for publication in early 1994.
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