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CHANGES IN THE HANFORD WATER TABLE, 1944-1957

INTRODUCTION

Within nearly all the Hanford area the earth materials are
sufficiently permeable that their contained water is essentially unconfined
and drains down to a base level adjusted to that of the Columbia River,
Thus, the zone naturally saturated with water is roughly 300 to 400 feet
beneath the highest terrace in the north-central part of the area south of
Gable Mountain. This zone is largely in the unconsolidated Ringold forma-
tion and to a lesser extent in the glacio-fluviatile deposits, 1) Subsequent
to plant startup, appreciable changes have been made in the regional body
of unconfined ground water by the infiltration of effluents released to
ground during the 13 years of plant operation. The total volume of all
liquids disposed to ground from various chemical processing plants during
the period January 1944 through June 1957 amounts to more than 29 billion

gallons, including over 2. 8 billion gallons of low-level radioactive wastes.

With the addition of such large volumes of liquids to the ground-
water reservoirs underlying the site, prediction of the behavior of the
ground water becomes difficult inasmuch as increased hydraulic gradients
and aliered rates and directions of ground-water movement are imposed.
Thus it is desirable to present basic hydrologic data which has been
gathered since 1948 and which depict the changes in the water table. These
changes are evident from a series of maps which show the shape and
position of the water table by contour lines at successive stages of Hanford

operations.

This report is based partially on a report by McConiga on changes
in the Hanford water table from 1944 through 1955. (2)

SUMMARY

Maps showing gereralized contours on the water table at Hanford
indicate that throughout most of the area the general movement of ground

water under natural conditions is from areas of recharge in the Rattlesnake
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Hills northeastward and eastward to the Columbia River.

Open waste disposal swamps at the chemical processing plant areas
have received approximately 26. 6 billion gallons of process water since
startup through June 19857, and covered disposal cribs and trenches have

received approximately 2. 8 billion gallons of low-level radicactive wastes.

With artificial recharge of waters from chemical processing plants
to underlying aquifers, the water table has undergone significant changes.
Of major importance is the formation of two separate and distinct ground-
water mounds which have raised the water table considerably, increasing
and locally reversing the natural hydraulic gradients. Through the years,
the eastern mound has risen a known maximum of about 25 feet and the
western mound a known maximum of about 90 feet. The size and shape
of these mounds have fluctuated depending upon the locations of disposal
sites and the rates and total volumes of waste water disposed. The relative
size and shape of the mounds reflect differences in the hydraulic character-

istics of the receiving aquifers.

METHODS OF INVESTIGATION

The ground water contour maps are hased on the measured
altitude of the water surface in a pattern of wells, the contour lines
representing lines of equal altitude on the water table expressed in feet
above mean sea level. These maps show the hydraulic gradient and the
direction in which the ground water is moving, and hence they show the
source and destination of thé ground water. The direction of movement
generally is at right angles to the contour lines in the direction of the

downward slope.

Irregularities in the shape and slope of the water table, shown on
following figures, are caused largely (1) by recharge of the ground-water
reservoir by plant effluents, (2) by local differences in the thickness and
permeability of the unconsolidated deposits, and (3) by river-level

fluctuations.
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The area encompassed by Hanford Works is liberally dotted with
a variety of wells that have been constructed over a period of time from
pre-plant days to the present. The older wells were farm wells for which
accurate drilling data are lacking. Many of the more recent wells were
constructed to provide sanitary water for outlying Army installations, to
permit monitoring the ground water and subsurface formations in the vicinity
of waste disposal facilities, or to provide data for the detailed geological
mapping of the region. Some of the wells for which records are available
have been destroyed during construction of new plants or for safety
reasons, (3) At present, 117 wells are measured regularly to give
water-table elevations., The greatest number of these wells are adjacent
to ground-water mounds, permitting at these locations rather accurate
contouring of the water table. The few data available for those areas
lying north of Gable Mountain and immediately northeast of Rattlesnake
Hills require liberal interpretation and generalization, and there may be
substantial deviation, at least in detail, from the shape and position of

the contours as shown (see following paragraphs).

Ground-Water Contours, January 1944

The Hanford region lies in the rain shadow of the Cascade
Mountains. It has an average annual rainfall of about seven inches, little
or none of which penetrates to the water table beneath plant areas where
the depth to water is as much as 350 feet. Thus, as indicated in Figure 1,
the source of ground water is precipitation upon Rattlesnake Hills to the
southwest and (not shown) upon Yakima Range to the west. The water perco-
lates underground near the base of the highlands and moves downgradient in
a general northeastward and eastward direction toward the Columbia
River, Adjacent to, and from one to three miles distant from the river,
the regional body of ground water enters a zone in which both direction
and rate of movement varies widely, depending on fluctuations of river
stage. Discharge of ground water from the area is thus by percolation

into the river so long as the river is not at a high stage.
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Figure 1 shows the contours on the water table as they probably
occurred prior to plant operation. This contour map is based on scanty
data, but nevertheless the generalizations are believed reasonable.

Ground-Water Contours, March 1951

Figure 2 shows the shape and position of the water table after about
seven years of plant operation. The two principal features shown are an
eastern and a western ground-water mound which had been built up as the
result of disposal and subsequent infiltration of non-radioactive cooling
waters from chemical processing facilities located in the vicinity. The
three wells shown on Figure 2 (Wells A, B, and C), and on subsequent
figures are located near the several open disposal swamps, and water-
level measurementis made in them best represent the known apex altitudes

of the mounds.

The formation of the ground-water mounds above the level of the
natural water table significantly altered the directions and rates of ground-
water movement. Whereas the natural gradient beneath the western and
eastern plant sites was about 5 feet per mile northeasterly and easterly,
respectively, the mounds both locally reverse and increase the gradient.
Thus, the ground water flowed outward radially from the mounds, and,
under the influence of a 20-foot per mile average gradient in the west and
a 10-foot per mile average gradient in the east, at velocities several

times greater than under natural conditions previously.

The two mounds were formed by approximately equal volumes of
disposed water, about 5.5 billion gallons to both the eastern and western
areas. Consequently, water levels beneath the eastern area rose an
estimated maximum of approximately 15 feet, or from an elevation of less
than 390 feet above mean sea level to over 405 feet; and levels beneath
the western area rose a maximum of about 55 feei, or from an elevation
of about 395 feet to about 450 feet. The differences in the size and shape
of the mounds are attributed chiefly to differences in permeabilities of the
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underlying sediments. From the western edge of the figure eastward
about seven miles, the underlying aquifers are composed of fine-grained
sands, silts, and clays of the Ringold and Touchet formations. (1) These
sediments have been partially stripped away beneath the eastern area by
glacio-fluviatile erosion and replaced by more permeable coarse-grained

sands and gravels.

The elongation of the eastern ground-water mound is due to the
upwarping of a two-mile wide belt of Ringold clays which rises above the
water table near well C with a general northwesterly strike. Consequently,
the ground water moves much more freely through the more permeable
sands to the west and thus preferentially in northwestward and southeast-

ward directions,

Ground-Water Contours, May 1953

Changes in the operation of processing facilities early in 1952
resulted in large reductions of flow to the eastern disposal swamp and the
establishment of new disposal swamps in the two-mile region between

wells A and B in the westérn area.

Figure 3 shows contours as of May 1953. The western mound as
shown is the result of disposing of about 2.5 million gallons per day (mgd)
of cooling water to the northern swamp in this area, and roughly 6-7 mgd
to the southern swamp. Thus the water level in well A at the north rose
to an altitude of over 460 feet, or an increase of 10 feet since March 1951,
and to the south in well B the level rose to about 455 feet, an increase of

over 30 feet,

The eastern ground-water mound as shown had subsided some 5
feet since March 1951 as the result of the swamp near well C receiving
only 0.1 mgd as compared to the former rate of about 2 mgd,

The easternmost contours near the Columbia River show that during

periods of high flow when the river runs bank-full, some of the water seeps
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downward to the ground-water reservoir. (The river generally crests in
the month of June, and it has a low water period which extends from
September to April.} Subsequently, when flood flow diminishes and the
river resumes its normal stage, the ground water temporarily stored in
adjacent aquifers is discharged slowly until ground water levels again

approach the normal stage.

Ground-Water Contours, October 1955

Figure 4 shows ground-water contours as of October 1955. The
several components of the western ground—watér mound as seen in Figure 3
had joined to form a single peak beneath the northern swamp near well A,
At this time roughly 3.5 mgd of cooling water were being discharged to the
swamp at A and about 5-6 mgd to swamps at B. The western mound had
risen an additional 25 feet in the north since May 1953 and about 20 feet in
the south; the peak standing at an altitude of over 485 feet, more than 90

feet higher than the inferred pre-plant level.

Only a remnant of the eastern ground-water mound remained at
this time as the water level in well C fell almost 10 feet from its peak
elevation of about 405 feet (Figure 2). Shortly hereafter, water samples
from wells to the southeast showed trace concentrations of radioactive
materials apparently moving with velocities in the order of hundreds of
feet per day. Such movement was probably initiated by the subsidence of
this eastern mound which presumably had partially blocked the flow to the
southeast. These high velocities were later confirmed by a large-scale
fluorescein tracer test in the area. This test showed detectable amounts
of fluorescein in observation wells 8, 800 feet south-southwest and 8, 500
feet southeast of a treated well, representing average linear velocities of
350 and 770 feet per day, respectively.
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Ground-Water Contours, October 1956

Early in 1956 the swamp site near well C started to receive
additional cooling water. The rate of discharge reached a level more
than three times higher than that originally disposed to the facility, or
averaging approximately 6.5 mgd. At about the same time the rate of
discharge of cooling water to the swamp near well A to the west was
decreased from 3.5 to 0.1 mgd; roughly 5-6 million gallons per day

continued to flow to the swamps near well B.

The effect of these operations is shown in Figure 5; the contours
were drawn one year after those of Figure 4. The eastern ground-water
mound built up to a maximum known elevation of over 405 feet, an increase
of more than 10 feet since October 1955, The addition of several new wells
in the area indicated for the first time the presence of a westward-trending
projection at the southern end of the mound. The eastward shifting of the
395-foot contour that had been present between the two mounds shows that
water levels between the mounds had risen at least as much as 5 feet

during the year.

The western ground-water mound continued its uniform lateral
spreading in all directions, but more significantly, the peak of the mound
shifted from near well A southward to near well B. A well-defined north
and northeastward gradient of about 25 feet per mile thus replaced a south
and southeastward gradient as the water level in well A fell roughly 20
feet in one year and levels in well B rose about 5 feet to an altitude just

over 475 feet.

Ground-Water Contours, June 1957

Figure 6 shows the ground-water contours as of June 1957. Changes
in the position and details of the contours are principally the result of
incorporating data from 14 additional wells in the well pattern; thus a

total of 117 wells provided control for the contours as shown.
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The contours north of Gable Mountain and along the eastern edge of
the project are cobviously influenced by peak river stage, but the general
eastward shifting of the contours at the north resulted primarily from data
from six new wells. The flattening of the contours at the southern end of
the western ground-water mound is probably caused by the presence of a
buried basalt ridge. This ridge roughly parallels Rattlesnake Hills at a

distance of about three miles and locally rises above the water table.

Less than a mile south of well C, a new well has located more
accurately the known apex of the eastern ground-water mound. Thus,
whereas the water level in well C rose about 5 feet since October 1956
(Figure 5) and stands approximately 5 feet higher than the previously
described peak altitude of the eastern mound (Figure 2) and some 20 feet
higher than the pre-plant water table (Figure 1), an apex altitude of 418

feet currently is located to the south of well C.

Further adjustments of the details in the shape and position of the
ground-water contours may be expected as the well-drilling program pro-
gresses throughout the area and additional water-level data are made

available.

CONCLUSIONS

The total volume and rate of flow of liquid effluents recharged to
underlying aquifers, as well as the hydraulic characteristics of the aquifers,
govern the size, shape, and orientation of consequent ground-water mounds.
The two ground-water mounds at Hanford have increased and locally
reversed natural hydraulic gradients, and thus have accelerated the move-
ment of ground waters in certain areas. The locations of disposal sites
are therefore so chosen that the acceptable concentration of short-lived
radioisotopes permitied in the underlying ground waters need not be
restricted by these increased rates of ground-water movement. Future
large-scale disposal of cooling water will be regulated to permit optimum

utilization of existing and proposed waste disposal sites. (4)

UNCLASSIFIED




UNCLASSIFIED -20- HW-51277

Experience at Hanford indicates that nuclear chemical processing

plants using ground disposal of low-level radicactive wastes should con-

sider the regulation of cooling water disposal and the formation of large

ground water mounds. Factors which may influence the mode of disposal

of large cooling water volumes include:

L

The potential for low -level contamination of the cooling water
resulting from minor leaks in the plant or occasional operator
error makes ponding an attractive method as opposed to direct
discharge to a stream. The expense of automatic monitoring and

diversion of large streams may be thus minimized.

Ponding such cooling water will probably result in significant
alteration of the local hydrologic pattern with the consequent
influence on the capacity of nearby ground disposal facilities
for receiving low-level radioactive wastes. This influence may

be minimized by the judicious location of facilities.
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