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EXECUTIVE $ WMARY

An evaluation was made to assess the 1ani le of recharge from natural
precipitation on the Hanford Site 200 Areas [ iteau. Two sources of data
were used in the evaluation. These sources were (1) moisture accumulation
in a 200 East Area closed-bottom lysimeter for 13 yr and (2) distribution of
137Cs in a solid-waste trench in which contaminated soil had been burie for
10 yr.

A well was core drilled in 1985 to the bottom of the 200 East Area
closed-bottom lysimeter, and the moisture ¢ itent was determined gravi-
metrically. The 1985 moisture content of the lysimeter was compared with
its initial moisture content to estimate 1 recharge. There was an
apparent net loss of moisture over the 13- experiment. However, the
average moisture content for sediment below 3.0 m was essentially the same
for both measurements because the moisture was redistributed from the top
half to the bottom half of the lysimeter. This redistribution was essen-
tially complete in 1972, except for the top 3.0 m. There has been no
detectable moisture accumulation in the bott | of the lysimeter since 1972.
Thus, the recharge rate was 0 +0.2 cm/yr over the 13 yr of measurement.

Cesium-137 contaminated soil was placed in a solid-waste burial ground.
After 10 yr, the distribution of '37’Cs was determined from core-drilled
samples. There was no '?7Cs detected beneath the trench bottom above the
background radiation level. Thus, there v | no measurable downward
recharge. wever, '37Cs was detected abc @ the trench suggesting negative
recharge.

In summary, the recharge rate was found to e zero or negative, within
the estimated error of measurement, for tw locations on the Hanford Site
200 Areas plateau.
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1.0 ‘RODI  TION

A significant portion of the Hanford Site's nuclear and hazardous
wastes are stored in the vadose zone on the 200 Areas plateau. Infiltrating
precipitation is the medium that iy potentially transport a portion of
these wastes to the Hanford Site ground water and, ultimately, to the
surrounding population. The proportion of ni ural precipitation that
percolates through the 200 Areas plateau sediments (recharge) must be known
to assess the hazard to the public from nuclt - and hazardous waste storage
in the vadose zone (Routson 1973). The purpose of this report is to
estimate the 200 Areas plateau recharge rate y reviewing the available
literature and lysimeter monitoring data.

The literature and data reviewed in this report will be Timited to
studies and data concerning the Hanford Site 200 Areas plateau. There is a
broader group of 1- »:rature, largely published by Pacific Northwest
Laboratory (PNL), which is used to evaluate Hanford Site recharge in general
(Gee and Heller 1985). These general data and evaluations are less
applicable to recharge on the 200 Areas platei because of the locations
from which much of the data were taken and the type of sediments studied.
The PNL data were collected in different microenvironments and from
sediments that tend to be more homogeneous than the layered sediments of the
200 Areas plateau. The surface sediments of the sites studied by PNL have
generally been reworked by wind, resulting in a more homogenized sediment
than the varve-like strongly layered sedim .s prevalent on the 200 Areas
plateau (Fecht et al. 1977; Routson and Fer : 1980). These alternating
fine-course sediments can have a profound effect on the movement of moisture
through the partially saturated sediments (fig. 1). The tendency is for the
layering to 1imit the percolation of water, allowing time for
evapotranspiration to further 1imit recharge.

Recharge to ground water results from the infiltration and
redistribution of natural precipitation in areas without artificial- and
surface-water sources. Percolation through si 'ments surrounding buried
waste is the primary source for recharge after any waste-burial operations
are completed. The movement of precipitation is a continuous cyclic
process. The cycle is initiated with the entrance of precipitation into the
soil by infiltration. This is followed by tei orary storage and
redistribution of water in the sediments. The final part of the cycle is
the removal of water from the sediments by evaporation, transpiration (plant
uptake), and deep drainage (recharge) to a water table.

On the average, this cycle can be viewed as a quasi-steady state in the
deep sediments. The moisture content in the deeper sediments below buried
waste tends to remain constant (Jones 1978: last et al. 1976). The travel
time of deep-draining moisture to some dep . such as the ground water, can
be determined if the recharge rate and voli ‘'tric water content of the
sediment are known (Heller et al. 1985). The recharge rate is the average
depth (amount) of water entering the ground water per year. The volumetric
water content is the volume of water divide by the volume of soil
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(expressed as a percentage) at which that soil drains under the quasi-steady
state natural sediment conditions. The content on the 200 Areas plateau,
although variable, tends to average approx’ (tely six pert 1t by volume
(Jones 1978; Isaacson and Brown 1978). Di\ ling the recharge (centimeters
per year) by the volumetric water content v 1 aive the depth distance that
moisture will travel per year (the velocit) ividing depth to ground
water by the velocity gives the time required for the moisture to travel
from a buried waste to ground water. In ma ematical foo the governing
equations are as follows:

<
1]

r/o (1)

and

—
1]

D/V (2)

where

velocity (cm/yr)

recharge rate (cm/yr)

volumetric water content (mL/cm3)
travel time to ground water (yr)
depth to ground water (cm).

O —40 1 <
[ | | B 1]

By rearranging equations 1 and 2, the ‘:locity can be determined.
Discussion and derivation of these equations are available in Heller
et al. (1985).

Two principal data sources will be rel :d upon for estimating recharge.
The first is a deep lysimeter study that has been continued for more than
13 yr (Jones 1978). The second data source is an evaluation of the radio-
nuclide movement within a 200 West Area solid-waste burial ground, taken
from sampling data. Both of these data so as provide relatively long-term
data (10 to 13 yr) from far-field or near- 1d situations.

2.0 RESULTS AND DISC ISION

2.1 THE 200 EAST AREA LYSIMETER STUDY

In 1971, two large Tlysimeters were installed 1.6 km south of the
200 East Area (fig. 2). These lysimeters are approximately 3 m in diameter
and 18-m deep. Both were equipped with instruments to evaluate possible
vertical movement of sediment moisture. One lysimeter was left open at the
bottom while the other was sealed at appro ately 18 m (fig. 3) (Hsieh
et al. 1973). Any large amount of downwar D2isture movement was projected
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Figure 3. Depth Moisture Profile in Closed-Bottom Lysimeter,
200 East Area. .
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Figure 4. Gravimetric Moisutre Content Distribution for 1985 (dashed curve) and 1972

1 the 200 East Area Closed-Bottom Lysimeter.
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