



































The measurements taken from the neutron-probe
access holes are raw neutron counts that can be
correlated with the volumetric water content of the
cores (Campbell Pacific Nuclear, 1984, p. 1).

The soil cores were analyzed to determine the
weight of the water, the dry weight, the oven-dry
bulk densities, and the volumetric water content of
the soil cores. Volumetric water content was
calculated for each core by

_ WwxYd
WdxYw
where 0 = volumetric water content (percent),

% 100

Ww = weight of water (grams),
Wd = dry weight of soil (grams)
Yd = oven-dry bulk density (grams per cubic
centimeter), and

Yw = water density (grams per cubic
centimeter).

Calibration equations based on linear
regressions of the neutron-probe data were
developed using the calculated volumetric water
content of the soil cores and the ratio of the raw
neutron count to the standard count computed by
the neutron probe. A single calibration equation for
undisturbed soil was developed for field data from
the neutron probe (Pittman, 1989, p. 12). The raw
counts were converted to volumetric water content
using this calibration equation. The standard error
of the volumetric water content, which was based
on the calibration equation, was 2.8 percent. An
equation was not developed for disturbed soil.

Meteorological Station

The amount of infiltrated precipitation lost to
evapotranspiration is one of the factors affecting
the amount of water that infiltrates the surficial
sediment and eventually recharges the aquifer. In
1985 and 1986, a meteorological station provided
data required for the ET equation of Idso and
others (1979). The Idso ET equation, detailed in
the original study plan (U.S. Department of Energy
and others, 1983), proved to be inapplicable in a
semiarid environment (Novak and Black, 1982). In
January 1987, the existing meteorological station
was disassembled and the instruments were sent to

the manufacturer for repairs and recalibration. Th=
heated rain gage remained in operation.

A new meteorological station was configured at
the test trench area in August 1987 to provide data
required for several methods of determining
evapotranspiration (Bowen, 1926; Penman, 1948;
Jensen and Haise, 1963; Ritchie, 1972). The
instruments were:

(1) infrared sensors used to measure soil surface
temperature;

(2) precision spectral pyranometers used to
measure incoming and reflected shortwave
radiation;

(3) precision infrared radiometers used to measure
incoming and emitted longwave radiation;

(4) two chemical adsorption hygrometers and
thermistors used to measure relative humidity
and air temperature at 1 and 2 m above land
surface;

(5) two anemometers used to measure windspeed
at 1 and 2 m above land surface;

(6) a wind vane used to measure wind direction;

(7) a heated rain gage used to measure
precipitation.

Data from these instruments were collected hourly.

In January 1988, the separate pyranometers and
radiometers were replaced by a net radiometer. In
January 1989, the meteorological station was dis-
assembled and meteorological data collection at
the test trench area was suspended for the
remainder of the year. Precipitation data for 1982
were obtained from the nearest NOAA
meteorological station, located at the CFA, 10 km
from the RWMC.

HYDROLOGICAL DATA

During 1988-89, the temperatures of undis-
turbed soil located horizontally from the vertical
culvert at the east test trench were measured by 7
thermocouple psychrometers at selected depths
ranging from 0.6 to 3.9 m below land surface.
Temperatures of undisturbed soil measured daily
by the horizontally installed psychrometers rang=d



Table 1. Temperature statistics for undisturbed and disturbed soil at the east test trench

Undisturbed soil Disturbed soil
Sensor depth 0.6 m 09m 0.6 m 09 m
Average 94°C 9.6°C 9.7°C 9.8°C
Maximum 22.0°C 19.2°C 22.0°C 20.3°C
Minimum -1.8°C 0.0°C -1.9°C 0.4°C
Range 23.8°C 19.2°C 23.9°C 19.9°C

from 22.0 to -1.8°C at 0.6 m below land surface,
and from 11.3 to 7.1°C at 3.9 m (fig. 5). This is a
decrease in the range of seasonal temperature
fluctuation from 23.8°C at 0.6 m to 4.2°C at 3.9 m.

The temperatures of disturbed soil above the
horizontal culvert at the east test trench were
measured by four psychrometers at depths ranging
from 0.5 to 0.9 m below land surface. Tempera-
tures of disturbed soil ranged from 23.6 to -3.8°C
at 0.5 m below land surface and from 20.3 to 0.4°C
at 0.9 m. Temperature statistics for undisturbed
and disturbed soil at the east test trench at 0.6 and
0.9 m are given in table 1. The temperatures of
undisturbed soil below the horizontal culvert were
measured by four psychrometers at depths ranging
from 3.8 to 5.0 m below land surface. Soil temper-
atures ranged from 18.3 t0 2.2°C at 3.8 m below
land surface. Mean daily soil temperatures at the
east test trench during 1988-89 are listed in table 2
(located at the end of this report).

During 1988-89, soil-water potential was
measured in 11 of the 15 thermocouple psychro-
meters at the east test trench. Fluctuations in soil-
water potential were largest in the shallow,
disturbed sediment overlying the horizontal culvert
and ranged from -100 KPa, the calibration limit, to
about -8,500 KPa. Fluctuations were smaller in the
undisturbed sediment 3.2 m horizontally from the
vertical culverts, and ranged from -100 to about
-3,100 KPa. Soil-water potentials at selected
depths in undisturbed soil at the east test trench are
shown in figure 6. Daily soil-water potentials at the
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east test trench during 1988-89 are listed in table 3
(located at the end of this report).

During 1988-89, temperatures and soil-water
potentials also were measured at depths of 1.6, 2,
and 2.6 m in the backfilled soil within the
simulated-waste trench. Soil temperatures ranged
from 1.1 t018.7°C at the 1.6-m depth, and from 2.9
to 14.1°C at the 2.6-m depth. Soil-water potentials
ranged from -1 to -19.4 KPa at the 1.6-m denth and
from -24 to -930 KPa at the 2.6-m depth. Temper-
atures and soil-water potentials at the simulated-
waste trench are listed in table 4 (located at the end
of this report).

During 1988-89, soil-water content gen-rally
was measured monthly in neutron-probe access
holes 1-10, 16, and 18, listed in tables 5-16
(located at the end of this report). These holes are
completed in undisturbed soil. No data are
presented for neutron probe access holes 15 and 17
because they are completed in disturbed soil. Soil-
water profiles generally were driest in September
and wettest in April or May after infiltration from
snowmelt or rainfall (tables 5-16, located at the end
of this report). Variations in water content were
greatest at shallow depths and decreased with
increasing depth (figs. 7-17). Few variations were
observed in moisture content of soil from depths
below 3 m.

METEOROLOGICAL DATA

During 1950-88, the average annual precipita-
tion at the CFA meteorological station war



221 mm (Clawson and others, 1989). Precipitation
at the test trench area during 1988 was 95.3 mm,
about 40 percent of the average annual precipi-
tation (fig. 18). Precipitation at CFA during 1989
was 176.5 mm (K.L. Clawson, NOAA, written
commun., 1989), 80 percent of the average annual
precipitation (fig. 19). The maximum monthly
precipitation at the test trench area during 1988
was 25.6 mm and occurred in November (fig. 18).
The maximum monthly precipitation at the CFA
weather station during 1989 was 47.2 mm and
occurred in September (fig 19). During 1988, the
mean daily air temperature at 2 m above land
surface ranged from 26.7°C on August 6 to
-14.6°C on December 25. Selected meteorological
data for 1988 at the test trench area are listed in
table 17 (located at the end of this report).

SUMMARY

The RWMC occupies about 0.6 km? of the
INEL in southeastern Idaho. The RWMC has been
used for burial of radioactive wastes since 1952,
Radionuclides have been detected in core and drill
cuttings from several boreholes drilled into the
surficial sediment and underlying rock units at the
RWMC. In 1985, the U.S. Geological Survey, in
cooperation with the U.S. Department of Energy,
began a comprehensive study at the RWMC to
determine the potential for and extent of migration
of radionuclides from waste pits and trenches
through the unsaturated zone to the Snake River
Plain aquifer, 177 m below land surface.

Two test trenches and a simulated-waste trench
were installed in the surficial sediment adjacent to
the RWMC SDA and were instrumented for
collection of hydrologic data from undisturbed and
disturbed soil. These data and data collected at a
meteorological station are being used to quantify
soil water content and variability with depth and
time, soil temperature, physical properties of the
soil, hydraulic conductivities, and evapotrans-
piration. Quantification of these properties will
allow the estimation and comparison of soil water
flux in two different subsurface environments: (1)
undisturbed native surficial sediment, and (2)
disturbed sediment in a simulated-waste trench.

During 1988-89, soil temperatures were
measured daily by 15 thermocouple psychrometers

at the east test trench. Little or no difference in soil
temperature profiles was observed between the
undisturbed and disturbed soil. Soil-water poten-
tials were measured daily at the east test trench
from 11 of these psychrometers installed at
selected depths from 0.5 to 4.4 m. Soil tempera-
tures and soil-water potentials were measured b
psychrometers at depths of 1.6, 2.0, and 2.6 m a*
the simulated-waste trench during 1988-89. Soil-
water content was measured monthly in 12
neutron-probe access holes using a neutron
moisture gage. Meteorological data collected at the
test trench area in 1988 included soil-surface
temperature, net radiation, air temperature, relative
humidity, windspeed, wind direction, and
precipitation.
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