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F!mTUATIONS OF HANFORD WATER LEVEI.S 

By 

William H. Bierschenk 

INTRODUCTION 

Ground disposal of low-level radioactive wastes is of basic importance 

to the operation of Han:ford chemical operating plants due to the huge volumes 

and eeonomics involved. The estimated volume of low-level radioactive con

taminants discharged to ground since plant startup in 1944 through June 1957 

is approximately 2.9 billion gallons . In addition, about 26.7 billion gal

lons of relatively uncontaminated cooling waters from separations processes 

have been discharged to open disposal areas in and near operating facilities. 

Periodic process d.1ff1cu1ties e.1.1.oving trace quantities of radioactive material 

to enter effluent streams cause these 11S'WSlllp 11 areas also to be considered dis

posal sites for radioactive wstes. 

Although some of the liquid effluents is lost through evapotranspire.tion 

to the atmosphere, and some is retained in the pores -of the sediments in the 

zone of aeration, most percolates down to the water table e.nd enters the zone 

of saturation. As a result of this recharge to underlying aquifers, tw ground

-water mo1.mds have :formed above the regional water table (1), and water levels 

in wells more than 15 miles from sepe.rations areas have show. a progressive 

rise. 
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The upper level of the zone of ground-water saturation is considered 

to be represented by the level of water standing in wells, although forces 

other than actual changes in ground-water conditions may cause fluctuations 

of level in such wells. It is the purpose of this report to present the 

principal causes of water-l.evel fluctuations and to give quantitative data 

of the magnitude of such fluctuations, and calculations from these de.ta re

lating to the average porosity of the saturated sediments. 

StM-IARY 

L:ing-term hydrogre.phs of water levels in 44 wells at Hanford show that 

water-table fluctuations are controlled primarily by the artificial recharge 

of aquifers by infiltrating liquid effluents, although locally some natural 

fluctuation is caused by alternate seepage into and from the Columbia River. 

In e.ddition, the observed water level in certain wells may :fluctuate due to 

changes in atmospheric pressure or due to earthquake shocks. 

:Between 1944 and 1957 an estimated 4 billion cubic feet of plant effluents 

have saturated approximately 62 billion cubic feet of sediments. The average 

wetted porosity of the affected sediments is thus calculated to be about 6.4 

percent. This newly-saturated zone contains essentially a.J.1 the inf'iltrated 

waste water. 
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WATER-BEARING PROPERTIES OF GEOLOGIC UNITS 

Permeability is the property earth materials have of allowing fluids to 

pass through them; here, permeability to water a.nd to 1iquid plant effluents 

and the capa.Qity for storage are relevant. In quantitative ground-water studies, 

field pumping tests yield comparatively reliable values for the coefficients 

of permeability and storage , terms that need not be defined here. 

The lithologic character a.nd water-bearing properties of the several major 

geologic units occurring in the Ha.nford ·Works. area are summarized in the table 

below. For more complete descri ptions of the physi cal and hydraulic character

istics of the geologic formations, the reader is refeITed to earlier reports 

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

GROUND-WATER HYDROLOGY 

The Water Table and Movement of Water 

The water te.bl.e is defined as the upper surface o:f the zone o:f' saturation, 

except where that surface is formed by an impermeable body. The water table 

may also be considered as the boundary between the zone of saturation and the 

zone of aeration. It is not a static, plane surface but generally has many 

irregularities owing to differences in thickness and permeability of the 

vater-bearing materials (aquifers), and normally it fluctuates up and down 

in response to J.oce.l differences in the gain or loss of -water. 

At Hanford the regional water table is largely within the Ringold formation 

and to a. l.esser extent in the gla.cio-fluviatile deposits. These latter, were 

UNCLASSIFIED 



Major geologic units in the Hanford Works area and their 'W'e.ter-bea.ring properties 

Geologic unit Material Water-bearing properties ~ 
i---------+----------t---------,,~ 

Fluviatile and glacio
fluvia.t i le sediments 
(200 ft thick) 

Ringold formation 
(1,200 ft thick) 

Columbi a River basalt 
series 
(> 7,000 ft thick) 

Sands and gravels occurring chiefly 
as glacial out-wash. Unconcoli
dated, tending toward coarseness 
and angul.arity of grains; essential
ly free of fines. 

Well-bedded lacustrine silts and 
sands and local beds of clay and 
gravel. Poorly sorted, locally 
semi-consolidated or cemented. 

Basaltic lavas with interbedd.ed 
sedimentary rocks; considerably 
deformed. Underlie the uncon
solide.ted sediments . 

Where below the water table, such de
posits have very high permeabi lity 
and are capable of storing vast 
a.mounts of water. Highest permea
bility value determined is 66,700 
gallons a day per square foot of 
cross section under a hydraulic 
gradient of unity ( 4) . 

Has low permeability; values range 
from 10 to l,4oo gpd./sq ft. Storage 
ca.pa.city correspondingly low. In 
very minor part, a few beds of gravel 
and sand are sufficiently clean that 
permeability is moderately large; on 
the other band, some beds of silty 
clay or clay are sensibly impermeable 
under hydraulic gradients of ordinary 
magnitude. 

Rocks are generally dense except for 
numerous shrinkage cracks, inter
flow scoria zones, and interbedded 
sediments . Presumably has low to 
perhaps moderate permeability. Con
tained -water may be either confined 
or unconfi ned. 

tll 
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ij 
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~ 
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belov the -water table, are highly permeable and occur as channels along both 

the northern and southern flanks of Gable Mountain and extending southeastward 

from the western side of Gable Mountain toward the Columbia River, and as narrow 

irregular zones pe.ralleling the r iver. 

Figures 1 and 2 are maps showing ground-wter contours. Figure 1 shows 

the shape and position of' the water table prior to plant operations, and 

Figure 2 shove 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 case, are based on the measured altitude of the water surface in 

ll7 wells. The general direction o:f movement of ground water i s at right angles 

to the contour lines in the direction of the down-ward slope. Thus, throughout 

much of the area the general movement of w.ter was formerly northeastward and 

eastward (Figure l) but the slope and direction of movement were s i gnificantly 

altered by plant o:peration (Figure 2), particularly in a.n.d near the areas of 

the two ground-wat er mounds. Whereas the ~tural hydraulic gradient beneath 

the present mounds originally was about 5 feet or less per mile northeasterly 

and easterly toward the Columbia Ri ver, the mounds locally reversed and in

creased the gradient. Consequently, ground water currently flows radially 

out-ward f.'rom the mounds under the inf'luenr.es of an average gradient of about 

25 feet per mile in the west a.n.d a ma.ximuro of 15 feet per mile in the east. 

Irregularities in the shape and slope of the water table, shown on Figure 2, 

are caused l.a.rgely by recharge of the ground--water reservoir by plant e:ff'luents, 

by local differences in the thickness and permeability of the deposits, and by 

recharge from or discharge into the Columbia River. 
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F:ieure 1 

HW-53599 

HAN FORD WORKS AREA 

CONTOURS ON THE 
WATER TABLE 

JANUARY 1944 

0 2 3 4 5 .. 11., 

CONTOUII INTEIIVAL • 5 FEET 

N 

Map showing ground-wter contours us infer red f or January 1944, 
prior to plw1t operations. 
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Ficure 2 

HW- 53599 

HAN FORD WORKS AREA 

CONTOURS ON THE 
WATER TABLE 

JUNE 1957 

0 , I 2 3 • S Mllta 

CONTOUR INTERVAL • 5 FEET 

N 

Map showinc cround-wter contours as of June 1957. A, B, and Care 
located near open disposal swamps. 
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Gro\llld-Water Recharge 

Ground-water recharge is the addition of wa.ter to the ground-water reser

voir, and at equilibrium is equal to the total average discharge from the 

reservoir. Recharge of Hanford aquifers by plant effluents is an artificial 

recharge imposed upon a system that had previously been in approximate equi

librium and causes the system to become unbalanced. Before the system can 

reach a new equilibrium, water levels must rise throughout the aquifers 

enough to increase the natural discharge by a.n a.mount equal to the a.mount 

recharged.. Until this new equilibrium can be established, water must be 

taken into storage in the aquifers. 

Natural recharge of the Hanford aquifers occurs by subsurface inflow 

from the southwest and west. A perennial source of recharge exists at the 

foot of Rattlesnake Hills {see Fi gure 1) and Ya.k.iroa. Ridge {not show) from 

several creeks which flow intermittently following heavy rains or meltin~ 

of snows. Ordinarily, the surficial flow does not reach beyond the mouths 

of the respective canyons, but sinks into the floor of the valley at the 

foot of, and paralleling, Rattlesnake Hills , Recent studies indicate that 

the und.erflov is interrupted by a buried extension of Yakima Ridge which 

parallels Rattlesnake Hills at a distance of about 2 miles, a.nd wich rises 

above the water table; however, the details of this are as yet not completely 

kn.own. More dispersed recharge doubtless is received from Yakima Ridge and 

Rattlesnake Hills by subsurface :percolation. 

Figure l implies that all natural movement in the regional body 01' un

confined water is toward the Columbia River with discharge into, bu+. no 
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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 annually saturated by bank 

storage (see Figure 2). This zone, which commonly extends at least e. mile 

and locally as much as three miles or more from the r iver, is drained as 

the river level decreases. 

Ground-Water Discharge 

Ground water is discharged from Hanford aquifers through seepage into 

the Columbia River, the ma.in discharge occurring during the falling stages 

of the river (see above). The discharge of ground water through evaporation 

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

FrmTUATION OF WATER IEVEI.S 

The water table does r,.ot remain static but fluctuates much like the water 

level of a 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 measurement of the water levels resulted in a series 

of bydrographs, a comparison of which showed that ground-water levels in dif

ferent pa.rts of the area fluctuated with different periods and by different 

a.mounts. B'ydrographs showing :fluctuations of -water levels in 44 wells a.re 
given in the appendix; well locations are shown in Figure 3. (In all cases 

the well-pre:fix 699- has been omitted from the Figure). The fluctuations were 

plotted showing the altitude of water level in feet above mean sea level. 

UNCLASSIFIED 
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Four types of fluctuations, one artificial and three natural, are shown 

by the records of water levels. The artificially caused fluctuation , la.rgely 

a progressive rise, of the water table is the result of recharge of aquifers 

by liquid plant effluents which were sent to ground through various disposal 

facilities. Natural fluctuations are caused by changes in the stage of the 

Columbia River, by changes in atmospheric pressure, and by earthquake shocks. 

Fluctuations Caused by Effluent Disposal 

Approximately 29.6 billion gallons of liquid effluents have been dis

charged to ground at Ha.nf'ord since 1944. As a result the water table has 

risen substantially within most of the area. Figure 3 depicts the size and 

shape of the zone newly saturated as a result of plant disposal operations; 

that is, the zone between the water-table surfaces shown in Fi gures land 2. 

The contours shown represent lines of equal change in water-table elevation 

from 1941+ to 1957. The greatest part of this artificially saturated volume 

is included in (a) the roughly cone-shaped ground-water mound beneath 200-West 

Area S'WS.mPS, (b) the e l ongated mound beneath 200-Eaat Area swamps, and (c) a 

lower saturated zone connecting the t"WO mound.e. 

The total volume of sediments affected by the rise of water levels , as 

determined by graphical integration with a planimeter, was measured to be 

approximately 62 billion cubic feet. Assuming that all the process wat er 

wasted to ground since 1944 is still in the zone depicted (none discharged 

to the Columbia River), the above volume of sediments has been saturated with 

UNCIASSIFIIID 
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roughly 30 billion gallons of water, or about 4 billion cubic feet. Thus, 

the average wetted porosity of the affected sediments is about 6.4 percent. 

Previous estimates of this value for limited volumes, derived by the u. s. 

Geological Survey, averaged about 8.3 percent (2) (3). The saturated sedi

ments of the western mound a.re a.scribed an average porosity value of 6.0 

percent, and those of the eastern mound a value of 7. 2 percent. A given 

volume of effluent, then, upon reaching the water table in the east will 

not cause nearly as great a rise as it will in the west; the rise in water 

level being inversely proportional to the porosity. 

As depicted by long-term hydrographs (Plates 1-13), the general trend 

of ground-"W'B.ter levels is upward, indicating continuing infiltration of 

effluents to the aquifers. The relative rise of levels in wells 1s con

trolled by the extent and hydraulic characteristics of the aquifers, the 

distance from the point of recharge, and the rate and volume of effluent 

disposed. 

The fluctuations of water levels in wells 699-32-77, 699-35-78, and 

699-39-79 are shown on Pla.te 1. Well 699-35-78, which defines the current 

apex of the western ground-water mound (Figures 2 and 3), has shown e. steady 

rise of about 55 feet during the 9-year period of record in response to arti

ficial recharge • A rise of comparable ma.gni tude has occurred in wells 699- 32-77 

and 699-39-79• The inferred net rise in levels for all wells since 1944 is 

sho-wn 1n Figure 3. 

UNCIASSIFIED 
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Fieure 3 

HW- 53599 

HANFORD WORKS AREA 

FORM AND EXTENT OF 
ZONE ARTIFICIALLY 

SATURATED. 1944-1957 

0 

20 

e8-17 

eSS-19 

, I , ' Mlltt 

-20--,0-
Linn of -.,el ltik:lmttt, In fttt, N 

on ,_ bttwMII water taillt of 
...,_ 19!17 ond tllclf w-,,d ,., 

Ollt1C8CM!lt Ntwal -4iflooll , 

Comovr Interval ~-
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Map showin~ size nnd shape of newly saturated zone and locations of 
observation wells. 
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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 feet 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 8JOOunt 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 the apex 

of the eastern ground-water mound. Its water level fluctuates in direct re

sponse to disposal practices. For example, during the period 1949-1952 the 

peak of the mound was nearly stabilized, but earl.yin 1952 the effluent dis

charge rate was reduced from about 2 million gallons daily (mgd) to 0.1 mgd.. 

'l'he water level in the well subsequently i'ell about 9 i'eet. Early 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 ea.stern mound currently is located about one mile to the south of 

well 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 hyd.rographs of wells 699-63-90, 699-92-38, and 699-Han. 23 (Pl.ate 13) 

illustrate the type of fluctuation 'Where seepage to and from the Columbia River 
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is the controlling factor. The hydrographs show that water levels rose dur

ing the early spring of each year, reached a :peak about June-July, and de

c:Lined theree.:f'ter. This is in accord with the a.nnual. rise and fall of the 

river (see river hydrogra.ph, Plate 13). 

The water level in wells 699-57-29, 699-62-32, 699-67-77, 699-71-84, 

699-72-88, 699-91-45, and 699-97-48 (located on Figure 3) also fluctuate 

in response to sinusoidal changes in river stage. 

In addition to fluctuations caused by addition or withdrawal of water, 

minor short-range fluctuations caused by changes in atmospheric pressure 

and by earthquake shocks are observed in some wells. Wells that penetrate 

water-bearing formations having a relatively impermeable bed above the zone 

of saturation may fluctuate inversely as the barometer fluctuates. The pres

sure on the water surface in a well increases directly as the increase in 

atmospheric pressure. If this increase in pressure is not transmitted uni

formly to the g:rcnmd-wa.ter body because there is no direct communication be

tveen the atmosphere and the water tabJ.e, but acts only on the exposed water 

surface in the well, the water level in the well fluctuates according to the 

changes in pressure. Ii' the pressure is transmitted f'reel.y through the pore 

spe.ces of the Soil to the water table, the water level will reflect no apprecia

ble barometric effect. 

Daily hydrographs of wel.1.s 699-39-79, 699-45-42, a.nd 699-49-79, obtained 

from aut.omatic water-stage record.ere, are show on Plate 14. The plate also 

presents the contemporary record of barometric pressure, as recorded by a 
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microbarograph. The maximum water-level fluctuation thus observed was 

0.8 feet. The barometric efficiency of well 699-45-42 is shown to be 

about 50 percent. 

Fluctuations in 'Water levels due to earthquakes have been observed 

in several wells at Hanford equipped with water-stage recorders (6). 

Where an aquifer is affected by shock waves of an earthquake there will 

first be an abrupt increase in water pressure :followed by an abrupt de

crease. In attempting to adjust to the pressure changes, the water level 

in the -well first rises and then falls. Plate 15 gives daily hydrographs 

of wells 699-25-70 and 699-50-30 showing fluctuations caused by an earth

quake shock at Ketchikan, Alaska.. The maximum fluctuation observed was 

0,2 feet. These are superimposed upon diurnal fluctuations caused by atms

pheric pressure changes. 
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Plate 5. 

FL1X!TUATIONS OF WATER IEVEIS IN WEI.IS 699-59-Bo, 699-47-60, 699-36-61, and 699-25-55. 
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Plate 6. 

FLUCTUATIONS OF WATER IEVEI.S IN WEI.IS 699-24-33, 699-62-43, 699-40-33 and 699-34-39 . 
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Plate 7, 

FLUCTUATIONS OF WATER IEVEI.B IN WEI.IS 699-8- 32, 699-20-20, 699-4D-24, 699-8-17, 
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Plate 8. 

FLUCTUATIONS OF WATER IEVEU3 IN WELLS 699-S7-34, 699-55-50, and 699-34- 51, 

• 



- - - "'-- •---· ·• 

" . . . . , 

, , 

' 

• • • 

3(]7 
- __ ,, 

I 396 

395 l/ -

~ V ~ ;~ V; 394 / / 

I ~ ~ LrJ _J ~ 
393 ""\ ~ r ~ -\ -~ . ~ .,,,.. 

._ 

"--~ ~ ~ 
~/ ~ 

39'2 r-"'------ -

~ 
-.., 

391 6~ · 

/V 
V 

390 

1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 

Plate 9. 

FUK!TUATIONS OF WATER IEVEIS IN WEI.IS 699-60-60, 699-54-42, and 699-19-43. 
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Plate 10. 

FLOOTUATIONS OF WATER IEVEIS IN WELI.S 699-50-30, 699-S31-l, and 699-35-9• 
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Plate 11. 

FLUCTUATIONS OF WATER IEVEIS IN WELI.8 699-17-5, 699-2-3, e.od 699-s12-3. 



-- - - - I .. ~ . ,. 
___:. 

~ \ /'v 
. . 

423 --- ' 
. 

A ..,......-\ J'\ . 
~-- V -

/\ 
• • 

~ 422 4 

.. 

4o3 

" A 
/- ~ 

v-v 
~ ~--~ u~ I 4o2 699-69-38 ~A 

V 

4ol V'-.,-... ~ 

J V -

699-10-54 ~ 4oo Ar--/ . 

399 /\ 

191+8 1949 1950 1951 1952 1953 1954 1955 1956 1957 

Pl.ate 12. 

FUX:TUATIONS OF WATER IEVEIB IN WELIB 699-12-64, 699-69-38, and 699-10-54, 
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PIATE 13. 

CORREIATION BETWEEN FLUCTUATION OF WATER LEVEL IN SEIEQTED WELIS AND OF RIVER FLUCTUATION. 
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