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FLUCTUATTIONS OF HANFORD WATER LEVELS

By

William H. Bierschenk

INTRODUCTION

Ground disposal of low-level radloactive wastes is of basic importance
to the operation of Hanford chemlcal operating plants due to the huge volum
and economics involved. The estimated volume of low-level radioactive con-
taminants discharged to grownd since plant startup in 1944 through June 1957
is approximately 2.9 billion gallons. In addition, about 26.7 billion gal-
lons of reletively uncontaminated cooling waters from seperations processes
have been discharged to open disposal areas in and neer operating facilities.
Periodic process difficulties allowing trace quentities of radioactive : terial
to enter effluent streams cause these "swamp" areas also to be considered dis-
posal sites for radiocactive wastes.

Although some of the liquid effluents is lost through ew: otranspiration
to the atmosphere, end some is retained in the pores of the sediments in the
zone of aeration, most percolates down to the water teble end enters he zone
of saturation. As a result of this recharge to underlying aquifers, two ground-
weter mounds have formed above the regional water table (1), and water levels
in wells more than 15 miles from separations areas have shown a progressive
risge.
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WATER-BEARING PROPERTIES OF GEOLOGIC UNITS

Permeability is the property earth materials have of allowing .ulds to
pass through them; here, permeability to water and to liquid plant efflu s
and the cepacity for storaege are relevant. In gquantitative ground-water _ ud 3,
field pumping tests yield comparatively reliable values for the coefficlents
of permeebility and storage, terms that need not be defined here.

The lithologic character and water-bearing properties of the several major
geologic units occurring in the Hanford Works. area are summarized in = e table
below. For more complete descriptions of the physical and hydraulic character-
istics of the geologic formations, the reader is referred to earlier reports

on Henford geology and hydrology (2) (3) (4).

GROUND-WATER HYDROI{™V

The Water Table and Movement of Water

The water table is defined as the upper surface of the zone of saturation,
except where that surface is formed by an impermeable body. The wa 1 le
may also be considered as the boundary between the zone of saturation and the
zone of seration. It is not a static, plane surface but generally has 2y
irregularities owing to differences in thickness and permeability of the
water-bearing materials (aquifers), and normslly it fluctuates up and down
in response to local differences in the gain or loss of water.

At Hanford the regior ~ water table is largely within the Ringold formation

and to a lesser extent in the glacio-fluviatile depoglits. These latter, .ere
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below the water table, are highly permesble and occur as channels along both
the northe: 1 southern flanks of Gable Mountein and extending southeastward
from the western side of Geble Mountain toward the Columbia River, and as narrow
irregular zones paralleling the river.
Figures 1 and 2 are maps showing ground-water contours. lgure 1 shows
the shape and position of the water table prior to plant operations, and
Figure 2 shows the water table as of June 1957. The contours represent lines
of equal altitude on the water table expressed in feet above mean sea level and,
in the latter caese, are based on the measured altitude of the water sur : in
117 wells. The general direction of movement of ground water is at right aa les
to the contour lines in the direction of the downward slope. Thus, throughout
much of the area the general movement of water was formerly northeastward and
eastward (Figure 1) but the slope and direction of movement were significantly
altered by plent operation (Figure 2), particularly in and near the areas of
the two ground-water mounds. Whereas the natural hydraulic gradient beneath
the gsent mnds ¢ g lly was about feet or I8 mile ster,
and easterly toward the Columbis River, the mounds locally reversed and in-
creased the gradient. Consequently, ground water currently flows redially
outward from the mounds under the influences of an average gradient of about
25 feet per mile in the west and s maximum of 15 feet per mile in the east.
Irregularities in the shape and slope of the water table, shown on Figure 2,
are caused largely by recharge of the ground-water reservoir by plant effluents,
by loeal differences in the thiclness and permeability of the deposits, and by

recharge from or discharge into the Columbia River.
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recharge from that stream. Such is generally true for normal or low stages
of the river, but as the river rises during the yearly snow-melt flood in
the spring, a zone adjacent to the river is annuslly saturated by bank
storage (see Figure 2). This zone, wh;ch commonly extends at least a mile
and locally as much as three miles or more from the river, is drained as
the river level decresses.

Gro'mA-Water Discharge

Ground water is discharged from Henford aquifers through seepage into
the Columbie River, the main discharge occurring during the falling stages
of the river (see above). The discharge of ground water through evaporati 1

and trenspiration of plants and by pumping from wells is considered negligible.

FLUCTUATION OF WATER IEVELS

The water table does not remain static but fluctuates i1ch like the water

level of e surface reservoir. The fluctuations of the water table underlying

Hanford Works were determined by measuring the water levels in selected observa-

tion wells. The periodic egurement of the water levels resulted in a ri
of hydrographs, a comparison of which showed that ground-water levels in dif-
ferent parts of the area fluctuated with different periods and by different
amounts. Hydrographs showing fluctuations of water levels in Ui wells are
given in the appendix; well locations are shown in Figure 3. (In all cases

t w ""-prefix 699- has been omitted from the Figure). ™  fluctuations were

plotted showing the altitude of water level in feet above mesn sea level.
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Plates 2, 3, and 4 include hydrographs for wells closely identified
with the western mound, and as such show rises of level ranging from about
12 feet in well 699-55-89 to about 30 . 1t in well 699-25-70 for the respec-
tive periods of record. The downward trend shown for well 699-49-79 (Plate 3)
since early 1956 is the result of a large reduction in the amount of effluent
being discharged to the swamp located less than a mile to the southeast (1).
Prior to 1956 the apex of the western mound was located near this well.

Plate 4 includes the hydrograph of well 699-45-42 which is near e apex
of e eastern ground-weater mound. Its water lewvel fluctuates in direct re-
sponse to disposal practices. For example, during the period 1949-1952 the
peak of the mound was nearly stabilized, b early in 1952 the effluent dis-
charge rate was reduced from about 2 million gallons daily (mgd) to 0.1 mgd.
The water level in the well subsequently fell about 9 feet. Barly in 1956
the rate of discharge increased to more than 6 mgd and the water level rose
about 13 feet to a point higher than that previously reached (5). The apex
of the easte _ mound currently is located about one mile to the south of
1 699-45-42.

Plates 5-12 include hydrographs for wells more remote from the two ground-
water mounds, and consequently show correspondingly smaller net rises of water
level although the progressive rises are everywhere attributed to artificial
recharge.

Natural Fluctuations

The hydrographe of wells 699-63-90, 699-92-38, and 699-Han. 23 (Plate 13)

ililustrate the type of fluctuation where seepage to and fromt- C/~  la Ri:
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