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' . 
storage a.nd its effect on the flow of the river along one segment of 
the Columbia River. 

LOCATION AND CHAE.ACTERISTICS OF THE A:&EA 

The Columbia River flows through the Pasco Basin in a locn.lly 
broadened segment of its characteris_tic gorge. This locally broad
ened segment includes 90 miles of the river between its passages 
through mountain ridges in Sentinel. and ~ Tallula Gaps (fig. 1) Its 

FJGUB.Jt 1.-lndex mo p showini; t he locn tlo n of t he nren co, ercd by fi i;ure !!. 

topography is a diverse mixture of flood plains, terraces, ri ver bluffs, 
and low plateaus with some mountain ridges (fig. 2) . 1fc:K ary Dam, 
l G miles downstream from ·ff allula Gap and 42 miles downstream 
from Richland, impounds the river to an altitude of about 340 feet, 
and the slack water of the reservoir reaches upstream abou t halfway 
through the Pasco Basin to a point several miles above Ri chland. 
The Priest Rapids damsite lies at the north foot of Umtanum 
Ridge, about 4 miles upstream from China Bar which is at the north
west edge of the Hanford Reservation. Thus, the reach of river 
treated in this report extends from the slack water of the McNary 
Res~rvoir to the bedrock channel near Priest Rapids. In this 50-
mile segment the river descends evenly from an average low-water 
le\"el of about 3!)2 feet at China Bar to the 340-foot level of the 
McNary Reservoir, except for a drop of about 8 feet in the ¼ -mile 
le1;gth of Cnvote Rapids. The low-water level at Richland prior 
to closure c .cNary Dam was about 32G feet, as shown on figure 3. 
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bunk-stornge e!fect aloni; the Columbln River between Rlcblaod and Ch1Da Bar on the 
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• 
The Pasco-Kennewick area, just downstream from Richland, and 

the Hanford Reservation, upstream from Richland, are two large 
areas of terraced land. The altitudes of the terraces range from 
a.bout 340 feet at reservoir level to about 700 feet on the high ter
races in the northwestern part of the Hanford Reservation. 

GENERAL GEOLOGIC CHARACTERISTICS 

The Oolumbia River basalt of Miocene and Pliocene ( n age is a 
1a.yered sequence of lava flows several thousand feet thick. I t forms 
the bedrock of the area and is exposed in the ridges that bound the 
Pasco Ba.sin and in a fe,., knobs, such as Gable Mountain and Gable 
Butte, which project above terrace lands. The basalt is permeable 
ma.inly a.long the contact zones between some of the lava flows. The 
overall permeability of the basalt is much less than tha.t of the coarse
grained members of the unconsolidated deposits which overlie it. 

In the downwarped syncline beneath the Pasco Basin the basalt is 
overlain by the Ringold formation, wl1ich is a lacustrine deposit com
posed predominantly of silt. The Ringold also contains much sand, 
some clay, a.nd one prominent member of weakly consolidated gravel 
and sand that commonly is called "the conglomerate." The Hiugold 
formation in places lies on the basalt at an altitude in general near 
sea level and extends up to abou t 1,000 feet. The 600 feet of strata 
exposed above the level of the Columbi a River ure l1orizomal or 
nearly horizontal, but some of the lowest strata, 110" below ri rnr 
level at The \Vhlte Bluffs, may l1uve been folded and tilted in the 
la.st deformation of the basalt bedrock. The conglomerate n1ember of 
the Ringold fonnation consists of gru vel and sand and was cleposiLe<l 
in a trainlike band abouc 10 miles wide across tl1e lacustrine basin of 
deposition from near Sentinel Gap to "\Valluh Gap . The mem!Jer 
is about 160 feet thick ; throughout much of the Pasco Basin it lies 
between altitudes of 290 and 450 feet. The conglomerate is noc 
present in The White Bluffs northward from RingolJ Flat to 

Wuh.luke. 
A mantle of glaciofluviatile and fluviatile deposits overlies the 

eroded surface of the Ringold formation throughout the lowla.nds 
between The White Bluffs and the several mountain-sized ridges, 
<X>llectively known as the Yakima Ridges, and throughout the Pasco
Ke._nnewick area southeastward to Wallula Gap. The deposits range 
in thickness from 20 to 100 feet and consist largely of gravel but 
<X>ntain some sand beds. The gravel is mostly of granule and pebble 
size but in places includes many cobbles and some boulders. In o. 
f ;w, places it includes thick beds consisting almost entirely of boulders. 
In other r · ~ especially in the upper pa.rt of the deposit along 
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embayments in the mountain fronts a.nd in areas sheltered from 
erosion, silt lenses and other fine-grained deposits predominate. The 
glaciofluviatile and fluviatile deposits occur a.s a deep mantle upwa.rd 
from the river level to an altitude of about 700 feet and as a. thinner 
mantle to about 1,150 feet. They lie above the low-water level of 
the riverbed. in all but a few places and above the natural level of 
the water table in large parts of the reservation and the Pasoo
Kennewick area. 

The most important aspect of the geology as related to the problem 
of bank storage is the position of the irregular but nearly horizontal 
contact between the Ringold formation aud the overlying more per
meable glaciofluviatile and fluviatile deposits. Along the right bank 
of the river near North Richland this contact lies o.t an altitude of 
about 340 feet (very near to the average level of the reservoir) and 
about 10 to 20 feet above the average river level along most of the 
right bank upstream from North Richland to China Bar. In the 
Yicinity of the old Hanford to\l'nsite and the broad bench just down
stream from China Bar, the contact lies below the average river level. 
The ground-water flow toward the river a t low-water stages is la.rgel)'. 
in the Ringold formation, but the bank storage ·occupies a vertical 
zone lying both in the Ringold formation and in the glaci.ofl.uviatile 
deposits. 

THE BANK-STORAGE EFFECT 

ZONE OF INFLUENCE OF RIVER STA.GE 

"\Yater levels in wells " ·ithill a zone along about 50 miles of the right 
bank of the Columbia fluctuate with the stage of the river. Tl1ey 
fiuctuate in marked contrast witli water levels in wells in other parts 
of the reservatioll, where seasonal changes in water }eye] are insignifi
cant. In general, fluctuations are greatest near the river and decrease 
ill magnitude witli distance from the river. The extent of the zone in 
"hich ground-water levels fluctuate in r esponse to river stages is shown 
in figure 2. The observed water-table fluctuations range in height 
from 2.9 to 19.3 feet (figs. 3-5 ) ind average 9.4 feet over an area of 
about 100 square miles. 

The wells whose hydrographs are shown in figures 3-5 are numbered 
ac.cording to the following system: The township a.nd range form the 
firs t two numeral s and are separated by R slash; the section gives the 
third numeral. The letter refers to the 40-acre tract by a successive 
order in which A is the northeastern, D is the northwestern, E is 
SW¼1'TW"¼, M is NW¼SW¼, N is the southwestern, and R is the 
southeastern. The letters I and O are omitted. The final numeral 
gives the order in which wells were numbered in thn• 40-acre tract. 

1185:?:?7--61-2 
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MANNER OF OCCURRENCE 

The bank storage is a direct resul t of the seasonal fluct ua tions of 
river stage. "\Vhen the river is :u Jow sragc, the " ·ater table lies mainly 
within the Ringold formation and slopes about 5 feet per rnil e toward 
the river. At that time, t.he flow of ground water into the river is 
small. As tl1e river liegius to rise i!1 flood, a t the start of the average 
-15-day period of increasing flow, the gradient of the water table 
toward the river is lessened and ground-water flow into the river de
creases. As t.he river continues to rise, the gradient of the water table 
near the river is reversed and, by direct contribution of water through 
the bed and banks, the stream feeds the ground-water reservoir. The 
'\\"ater is stored in the ground-'\\"ater reservoir beneath land adjacent to 
the river, thus depleting the fio,, of the river slightly during periods 
.of rising stage. After the stage of the river has peaked and begun to 
decline, tl,~ i:rradient again is reversed, and the bank-stored ground 
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water percolu.Les to the river until the-normal 11.verage gradient toward 
the river is restored. During this period of draining, water levels 
within the bank-storage zone along the river decline for about 150 to 
180 days. 

This percolation into the bed and its complete direct return char
acterizes the bank-storage zone in all but a few places. The area in
side the river bend near the old White Bluffs to,vnsite has one varia
tion from the normal pattern of direct-return percolation. The 
influent percolation along the upstream side of this large river bend 
can raise the water table sufficiently to cause some of the water to 
percolate ea.stward across the bend, escaping the zone of direct return 
an d entering the river above the old Hanford townsite. 

Radioactive tracers demonstrate that the bank-stored water has 
some do"llstream movement and that its !'('turn to the river is slip-htly 
oblique downstream rn.ther than normal to the river's edge. How
ever, this detail does not diminish the general directness of the infil
tration and return of the bank storage. 

GEOHYDROLOGIC DATA 

Bank storage is confined to a mixed zone of conglomerate of the 
Ringold formation and the overlying glaciofluviatile and flm·iatile 
deposits: except in a few places such as part of the old 1Vh.ite Bluffs 
townsite area, which lies northeast of the train of conglomerate in 
the Ringold. There, during the high levels of ground water, the 
rna.tcriah saturated arc the silt a1id sand of the RiB;;old and the 
ovcrJyi11g glacioft uYia.tilc an<l flm·iatile deposits. 

From several pumpin~ tests and computations, the permeahility 
of the conglomerate of the Ringold formation has been determi11ed 
to rn.nge from 100 to 800 gpd (gallons per da.y) per square foot. 
As determined in two places 011 the reservation, its effective porosit y 
is 11 percent. 

The gla,ciofluviatile and fluvia.tile deposits are much more permeaLle 
t.lmn the conglomerate of the Ringold formation. Aquifer t.ests ind i
cate that the permea.bility of these deposits ranges from about Hi,000 
to 60,000 gpd per square. foot. Their effective porosity is about 20 per
cent. J:\..s about two-thirds of the water in bank storage is in the con
glomerate of the Ringold formation (average permeability about 
450 gpd per square foot) and the other third is in the overlying 
glaciofluviatile and fluviat ile deposits (average permeability aLout 
38,000 gpd per square foot), an overall average permeability of about 
13,000 gpd per square foot can be assumed for the wedge of per
meable materials that are saturated and dewatered during each an-
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nual flood cycle. In a similar manner: an average effective porosity 
of about 14 percent may be assumed for these materials. 

By the end of the drain-back period, the water table has declined 
until it lies in the Ringold formation throughout most of the bank
storage zone. Hence, in computing an estimate of the normal amount 
of ground water percolating to the river during the ]ow-waler part 
of the year when there is little or no bank-storage contribution, the 
average permeability of the Ringold formation ( 450 gpd per square 
foot) is used. Computations employing Darcy's law indicate that 
the normal ground-water contribution to river flow at. lm,-water 
stages would be equal to less than 1 percent of the water that ac
cwnulates in bank storage during the average 4:.i-day period of rise 
in river stage. 

The hydrographs given in figures 3 to 5 are typical of those of the 
observation wells in the zone of bank storage. "\Yater levels of three 
wells north of North Richland rose and fell in close agreement. ·with 
the level of the river, as observed at Richland ( fig. 3) . The n verage 
amplitude of the annual bank-storage rise decreases from about lG 
feet in the well 250 feet from the r iver to about 12 fee t. in the wcl1 
4,000 feet from the river. Changes in ground-water levels lag slightly 
less than 1 week behind changes in river level, and the lag is only 
slightly greater in the well at 4,000 feet than in the well only 250 fee t 
from the river. 

The special type of fluctuation induced in ground-water levels near 
the inland edge of the bnnk-storage zone north of Gable Mounrain 
is illustrated by the hydrographs of two well s in figure 4. The l1yclro
graphs show that the peak levels of ground wa.ter follow about 2 
months behind those of the river nearby an<l that ground warer rises 
to peak levels and declines to low levels at a slo»er rate than the river. 
These wells lie near the land edge of the area in which ground wa.ter 
moves across the circuitous bend at old Wh ite Bluffs. The length 
of the flood-time fluctuation of the water levels in these wells may 
represen t ground ·water transmitted from the northwest rather than 
entirely bank storage. 

In figure 5 the hydrographs of five wells show a greater lag and 
n decreasing amplitude of the annual bank-storage wave with pro
gressively greater distance from the river. They also show a lesser 
altitude of the crest of that wave in the wells farther downst ream. 
These hydrographs illustrate that the observed fluctuations are not 
ull uniform and consistent; irregular heights and times are observed 
in the grow1d water at some wells within the bank-storage zone. 
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ESTIM.A.TE OF THE MAGNITUDE OF THE BANK 
STORAGE 

In the 100 square miles of the zone of observed bank-storage effect 
(fig. 2), the average observed fluctuation in water level is 9.4 feet, 
and the average effective porosity is 0.14. The volume of water in 
bank storage may be computed as follows: 

Vs=Al,p 
where: 

l's=\'olume of water i.11 storage, 
A= area of the zone of observed bank-storage effect, 
h= aYerage range of water-level fluctuations, and 
JJ = a Ye rage efl'ective porosity of material newly saturated 

or drained 
Fs= (100 XG40) X (9.4 ) X (0.14 ) 
T1 s = 8-1:000 acre-feet 

The assumption that the conditions on the left bank are equa.1 
,rnul<l in<licate that Lhe bank storage between North Richland and 
the bedrock reaches of the ri ver near Priest Rapids at the time of 
the average flood peak is about 170,000 acre-feet of-water. However,. 
t.his assumption is not entirely true because the glacioftuviatile 11.nd 
fiuvial deposits lie at higher levels along much of the left bank. 

The bank storage occupies the thin wedge between the inward~ 
sloping preflood water table and the outward-slopi11g ,rnter table at 
the flood peak. For a river rise of 20 feet, this Lank storage should 
contain aLoUL 98 percent, or lGo,OUU acrP-feet of water, contributed 
by the river and about 1 percent of ground water wl1ose normal move
men t tomm] t1ie river is temporarily halte<l. The writers consider 
both types of water to be bank sLorage. If the 1G8,000 acre-feet. of 
water is prorared over the 45-dny rise to flood peak, the average 
diminution of the river a t Richland is about, 3,700 acre-feet per day. 

The actual average distance that. the infiuent wuter penetrates tlie 
ground is much less than the width of the zone in which the water 
table rises. This actmd penetration is in the range of hw1drech of 
feet a t a maximum. An approximate solution may be obtained for 
the question of how far from the river this lGS,000 acre-feet of river 
·water actually moves: The volume of water moYing w bank storage 
may be diYided by the area of the riverbed at the flow peak (taken 
as 50 miles long Ly 0.50 mile wide) divided by the effective porosity 
(0.14), and an average penetration of about 75 feet is indicated for 
the infiltrating water. 

The seasonal low-water level in " ·ells in this zone is reached 150 to 
180 days after the annual high; consequently, on the .,..,_ceding stage 
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bank storage may contribute an aYerage of 1,000 acre-feet_ per day 
or a.bout 500 cfs ( cubic :feet per second) to the flow of the ~1v~r. . 

For comparison, the channel storage added by the fl?od nse lil this 
same segment of the river can be estimated by assurmng n.n average 
change in width from ¼ to 'l./2 mile during the 20-foot rise to flood 
peak. The resulting estimate of 240,000 acre-feet of ch~nnel storage 
is a.bout 1.5 times the estimate for bank storage resultmg from the 
same average annual flood. 

PROJECTION OF THE DERIVED VALUES A.LONG THE 
MA.IN STEM OF THE COLUMBIA RIVER 

Upstream from Chinn. Bar, the natural channel of the Columbia 
River is on bedrock over much of its length to the Canadian borcler. 
The effective porosity and permeability of these rocks is less than 
that of the conglomerate member of the Ringold but is not known 
sufficiently to permit this type of an estimate of the bank storage. 
In places between China Bar and the Canadian border, glaciofluviatile 
and fluviatile deposits a.swell as glacial deposits and Recent alluvium 
are known to accept and discharge considerable bank storage; the 
bank storage may be large where these deposits border the river in 
reservoirs. The probability that water entered and withdrew from 
bank storage in amounts measurable at the gaging stations is indicated 
for certain years by n comparison of the discharge records nt Briclg-e
port and Grand Coulee Dam, 165 and 220 river miles respectin~ly , 
above China Bar. At the presen t. t ime, however, estimate:: of bnk 
storage at the Hanford Reservati011 would require at least large adap
tive weighting to be applicable to other reaches of the mai11 stern of 
the Colwnbia River. 

In recent years water-management agencies h::we attributed to bank 
storage. some of the apparent losses and gains of water in certain seg
ments of the river during particular changes in the river flow or 
river level. The filling of reservoirs behind hydroolectri c-po"·er 
dams has ut times taken more inflowing water than the carefully 
men.sured reservoirs were expected to hold. Likewise, the lowering of 
tl1e level in some reservoirs has yielded more water than their surface 
storage would indicate. The necessity for integration of bank 
storage into river-management operations is evident. 

SUMMA.RY 

- During the annual flood-runoff cycle, the Columbia Ili ver rises U11d 
falls about 20 to 30 feet, and the water level in wells along the river 
on the Hanford Reservation rises and falls in response to the changes 
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in the river stage. The observed annual rise -in ground-water levels 
averages about 9.4 feet beneath a riverbank zone, which averages 
10,000 feet in width and has an aggregate area. of a.bout 100 square 
miles on the right side of the Columbia River. 

The rise and fall of the water table indicates that throughout the 
zone o.djoining the right bank of the river, in the reach :from the 
bedrock channel near China Bar to the head of McNary Reservoir 
near Richland, there may be stored and released annually about 
85,000 acre-feet of water. About 99 percent of this water is believed 
to be diverted from the river and about 1 percent to be retarded 
ground water. A projection of this derivation to include the some
what different left, side of the river, with the storage averaged for 
a 45-day period of river rise, indicates that an average of about 3,700 
acre-feet of water per day is diverted directly from the river to hank 
storage duriug the average 4i:i-day rise of the river to flood pea.k. 
The water returns to the river at an average rate of about 1,000 acre
feet per cla.y during the 16i:i-duy period of the river:s decline. 

The bank storuge is equo,l to obout two-thi rds of the water placed 
in channel sLorage by the average annual rise to flood peak. In the 
future, bank storage may need to be derived systematically and its . 
effects on streamflow integrated into the management of the water 
resources of many rivers. 
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