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FEASIBILITY OF ARTISICIAL RECHARGE OF A SMALL GROUND UYATER BASIN BY
UTILIZING SCZASONAL RUNOFF FROM INTERMITTEIT STREAMS

2. . Jones, S, H. RNoss, and R. E, Yilliams

INTR0DUCTION

The City o7 Hoscow and the University of Idaho are the nrincinal users of
ground water in Moscow basin. ‘later is obtained from artesian aquifers in the
basalt flows and interbedded sediments of the Columbia River Groud.

From 1896 to the 1730's, all water was obtained from an artesian aquifer
that is at a desth o about 250 fFeet. \later levels in the wells declined
steadily over the vears; the total decline at the city numping nlant was about
100 feet by the 1.50's., The water in the aquifer is of »oor quality becasue of
high concentrations of iron.

City and University authorities have been studying the »roblems of Moscow
basin water sunnly Tor years. The nearest streams with large sustained discharge
are 20 miles away. £[Exnloration for other ground-water sunnlies led to the
discovery o good quality water in oroductive aquifers at denths of 700 feet and
1300 feet.

During the 1060's, the City and the University shited nearly all pumpage
to the deester aquifers. Uater levels in the usper aquifer have been rising
steadily since heavy »umring ceased and now are about 15 feet higher than the
low levels of a Tew years ago.

The nronerties of the deener aquifers are not yet lknown and the amount of
water that they will yield over long neriods of time is uncertain. However, they
may be similar to the unper aquifer which does not seem canable of »roducing
the amount of water needed. Although no problems are yet annarent with the deener
aquifers, strong nossibility exists that they also will show a long-term decline
of water levels, indicating denletion of the sunnly of ground water.

Projected future demands suggest that twice the amount of water now being
sumned will be needed by the year 2000. e are not certain that this demand
can be met by the naturally-available ground water.

Although one of the most obvious answers is to imnort surface water from
outside of the bhasin, the cost would be an enormous burden on the nresent
economy of the area. The nearest denendable streams, 20 miles distant, are at
elevations that are 21C0 to 2300 feet lower than the level of Moscow, In
addition to the construction cost of 27 miles of pineline, oseration costs would
be high because of the high numning 1ift. e believe that this nroject would
cost about 7 million dollars.

One »roposed reservoir site that would »ermit gravity flow is 35 airline
miles from Moscow and would require about 40 miles of nineline. The tentative
nrice tag is about 25 million dollars.
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Our preliminary study, utilizing mostly estimated data, indicates that
artificial recharge of ground water by utilizing seasonal runoff from intermittent
streams in and necar Moscow basin is a feasible and cheaner alternative to long-
distance immortation of surface water. The construction would be in three stages
snaced out over at least 30 years.

The first stage would begin in the next few years. It would cost about
2 million dollars and srobably would nrovide ahout 450 million gallons of
additional water in 2 normal year from the South Fork Palouse River. Assuming
that the naturally-available ground water will nrovide about 500 million gallons
annually, the First stage would nrobably meet demands until about 1980.

The second stage would be constructed about 1980. It would cost about
2 million dollars and probably would nrovide another 430 million gallons of
water from Little Tear Creek. The addition of the second stage nrobably would
meet demands »ast the year 2000.

After the year 2000, the effluent of the Moscow waste-water treatment nlant
would be utilized. B3y then, the annual discharge of the nlant would be around
1 billion gallons. As of the year 2000, the water resources of Moscow basin
would bhe:

Maturally-available ground water 0.50 billion gallons
Artificial recharge From streams 0.96 billion gallons
Treated waste water 1.00 billion gallons

illion gallons

Total available water 2.k
1.36 billion gallons

Anticinated demand

ON O
o o

..Surplus 1.1 billion gallons
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Location and Extent of Area

The Moscow ground-water basin is in west-central Latah County, in northern
Idaho (Fig. 1). The amdhitheater-like basin has an area of about 58 square
miles., The boundaries are well defined by stream divides on the north, east,
and south. The western boundary has been set arbitrarily at the Yashington-
Idaho state line Tor this renort, although Moscow basin actually is nart of the
larger Moscow-2ullman basin of Idaho and ‘lashington. The poorly-defined
southwest and northwest boundaries have been selected to include only those
tributary streams that join the main streams within Idaho.

The climate of the area is transitional between semi-arid and subhumid.
Yinters are moderately cold and summers are warm. Mean annual temperature
is about 43°F,

Precipitation averages slightly more than 22 inches a year at Moscow,
where the elevation is about 2600 feet above sea level, It has been estimated
that »recipitation on the higher mountains on the northeast of the basin may be
perhans twice the average nrecinitation at Moscow. Almost three-fourths of the
nrecinitation falls from October through April,

AREA GEOLOGY

Moscow basin consists of a rolling surface of low hills at the eastern
margin of the Palouse Hills section of the Columbia Intermontane »rovince and
of mountains at the western margin of the Northern Rocky Mountain province.
The mountains (Fig. 1) are underlain by granitic and mctamorphic rocks of
Cretaceous (?) and Precambrian age resnectively (Tullis, 1944, p. 143-174).
The western nart o7 the Basin (Palouse Hills section) is underlain by a sequence
of basalt and interbedded sedimentary material as much as 1400 feet thick.
The basalt, nart of the Columbia River Groun, filled deen existing canyons that
drained the mountains to the north and east. The interbedded sediments, which
in the Moscow area make up almost 50 nercent of the total sequence, are »ri-
marily clays, silts, and fine-grained sands; most resemble lake deposits, although
some stream derosits are »resent.

The Columbia River Grou> is overlain by reddish-brown loess (wind-blown
silt) of the Palouse Formation.

AREA HYDROLOGY

Essentially all water in the Moscow basin is sudpnlied as precipitation;
therefore, a quantitative statement of hydrologic equilibrium may be stated
in a simple forms ground-water recharge is equal to precinitation minus evapo-
transniration minus surface runoff. Although we have some data on precinitation
and runoff, too few stations are in oneration to nrovide really adequate in-
formation. '!le have almost no data on evanotrans»hiration.
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’recinitation

Precinitation at Moscow is androximately 22 inches annually. However,
because of incrzased elevation, average arecinitation over the entire basin
srobably asoroximates 1% times the srecinitation at Moscow (Sokol, 1966, n. 7).
A relatively large amount o7 this orecinitation falls as snow during the
winter months. Although the snow nack at lower elevations melts several times
each winter, much of the snow at higher elevations remains through the winter.
During the s»ring, snow melts at >rogressively higher eleveations, so that
much snow at intermediate elevations is melting when snow at higher elevations
remains on the ground.

Evanotranshiration

Although no measurements of evapotrans»iration have been made within
Moscow basin, extrapolation of information from necarby areas gives estimates
that range from 50 to 02 »ercent of precinitation (Stevens, 1960, n. 342;
Sokol, 1966, ~. 7-3).

2

Surface unori

For the entire oscow-Pullman basin, stream low averages about 15 nercent
of nrecipitation; however, calculations are based on extranolations of short-
term stream gaging. At higher elevations, in small subbasins underlain by
granitic and metamornhic rocks, a larger »ercentage o7 tne nrecinitation occurs
as runo?f¥. At higher clevations, streams resnond mainly to snow melt; at lower
elevations, heavy rainftall is a more important source o7 stream {low.

Ground ‘'later

Ground watzr occurs in all rock tymses in Moscow basin: granitic and met-
amornhic rocks, loess and recent stream alluvium, and the basalts and inter-
hbedded sediments o7 the Columbia River Grou». However, confined (artesian)
water in large amounts occurs only in crevices, brecciated zones, and vesicles
in the basalt and in the intercalated sand layers of the Columbia liver Group.

HYDROSTRATIGRAPHIC UNITS

The most common suriace materials are the loess denosits of the Palouse
Formation. Alluvium and lacustrine denosits also are nresent; some are younger
and some are older than the Palouse Formation. Decause these units are not
important aquifers For »ublic surly wells, we have lumned them together as the
surficial aquivers (Fig. 2).

The Columbia River Groun is divided into three lithologic and hydrologic
zones. Each zone consists of an unner subzone of basalt flows and a lower sub-
zone of sedimentary interbeds. The sedimentary interbeds »inch out within a
short distance to the west.

Each lithologic zone contains one or more artesian aquifers which yield water
to public summly wells. A number of nublic sumly wells formerly used the unper
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artesian zone, a Tew industrial and irrigation wells znd numerous domestic
wells still do. The most »roductive portions of the under artesian !
zone are near the base of the unner basalt and at the usner nart of the unner
interbed. One well nroduces from the middle artesian zone; although it was
drilled to the lower artesian zone, it did not nroduce From there. However,
two wells do nroduce From the lower artesian zone. The basement comnlex does
not yield water to wells,

YATER LEVEL TRENDS IN THE UPPER ARTESIAN AQUIFER

Very little data are available on water levels and water sumoed orior to
1948 when the City of Moscow began to kee» records of daily denth measurements
and daily readings of meters on the numds. The University of Idaho began to
kees similar records in 1956, The U.S., Geological Survey has taken neriodic
water level measurements since 1937 in an observation well (7dd1) in the unoer
artesian zone.

Water levels and »umpage for the up»er artesian aquifer since 1896 are
shown on Figure 3. Prior to 1960, the nummage shown is the total pumpage for
nublic sunoly wells in the basin; after 1960, nart or all of the »ublic supnlies
was obtained from the deeser aquifers.

Pumpage

During the seriod 1955-1966, the lowest annual numnage for the nublic
supnly wells in Moscow basin was 442 million gallons in 1956 and the highest
annual pumpage was 752 million gallons in 1963; the average was 620 million gallons.

The main cause of numpage fFluctuations seems to be »recinitation fluctuations,
esnecially during the summer lawn-watering season. The highest annual pumpage,
752 million gallons in 1963, was followed by a low numnage of only 557 million
gallons in 1965 when the summer »recipitation was unusually high. Nevertheless,
the overall pumdage is increasing; the 1961-1965 average was 675 million gallons
compared to the 1955-1957 average of 570 million gallons.

Pumpage From 1040 through 1947 is estimated from data on sales of water by
the City of Moscow. After making allowances for leakage and other losses, we
obtained good agreement between sales of water and water numped according to
sump meters atfter 1943, Therefore, the 1940-1947 estimated data nrobably are
accurate.

Because ~opulation was fairly stable, the average of the 1940-1945 data ---
310 million gallons annually --- is nrojected backwards as the average pumodage
to 1925, Pumning »rior to 1925 is believed to have been much lower because
City well 2, the Tirst well with a large yield, was drilled in 1925. Laney,
Kirkham and Piner (1923, ». 11) nresent some data on 1023 water usage. Ye have
recomruted their data and have obtained a nrobable annual pumpage of 152 million
gallons which has been taken to renresent the jumpage for the neriod 1896-1924,

Currently, the University of Idaho does not nump from the unner artesian
aquifer and the City of Moscow »umds from it only during peak demand neriods in
the summer,
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YYater Level Trends

Yater levels at the City numping nlant declined at a vairly steady rate
of about 1.3 Feet a year from 1896 to about 1043; thereafter, the rate was about
2.8 feet »er year until 1960, Increased usage following major improvements to
the distribution system along with increased »er ca»ita usage of water and
increased nonulation contributed to the increased decline after 1948,

During late 1960 and vart of 1961, the City did not »umn any water from the
unper artesian aquiTer. No measurements were taken at the City numping nlant
during this neriod, but the water levels in the observation well (7dd1) rose
nearly L feet. The water levels in the observation well declined again when the
city resumed numning from the upper artesian aquifer in 1961,

By 1965, the University had ceasad pumning the unner artesian aquifer and
the City had restricted pumping to neak demand neriods. !/ater levels have been
rising ever since; the water level in the observation well was at elevation
2495.7 on Adril 1, 1938,

Predicted Future Pumpage

Our nrojections of »umpage suggest that the average annual »umpage will be
about 800 million gallons in 1975 and that »eak-year demands may be about 900
million gallons. A consulting resort prenared for the City of Moscow nrojected
demands to the yecar 2000, 'ith our estimates For the University demand added,
the »redictions are:

City of University Total
Year Moscow of Idaho Millions of Gallons
1970 620 220 8Lo
1980 300 290 1090
199 ¢10 330 1240
2000 1000 360 1360

Effects of Predicted Pumpage

e have not as yet studied what the effects of the nredicted numnage will
be on the deener artesian aquifers. The record of operation of the unpner art-
esian aquifer suggests that it can be denended upon to yield only a few hundred
million gallons a year over long neriods of time. The deeper aquifers may have
similar oronerties to the un»er artesian aquifer, IF they do, they may not be
able to yield the required amounts of water.

"le believe that the three artesian aquifers together would yield about 500
million gallons annually without serious danger of desletion. Thus, an additional
500 million gallons would be needed by 1580 and yet another LOO million gallons
would be needed by 2000.
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PIEZOMETRIC SURFACE

According to Newcomb (1959, ». 7), aquifers in the Columbia River Grou»
are:

. « « serarate tabular zones, each o7 which is interrunted in
many >laces but nevertheless is of rather wides»read lateral
extent, In some nlaces cubical or 'brickbat!' and other tynes
of fractured basalt allow hydraulic continuity hetween nearby
sermeable zonzs. Also, locally, water in some aquifers is iso-
lated vertically by impermeable massive narts of lava flows.

In Moscow basin, each o the artesian zones contains one or more artesian

aquifers which seem to resemble those described in Newcomb., Direct vertical hy-
draulic connection between the zones seems to be noor; each deener zone has a
niezometric surface about 100 feet lower in elevation than the niezometric surtace
of the next higher aquiter. 1In 1966, the niezometric surfaces were:

Apnroximate Elevation of
Piezometric Surface

Artesian Aquiier (ft. above msl)
Unner 2500
Middle 2L00
Lower 2300

Although these difFerences indicate noor vertical hydraulic connection, they do
not arove that downward movement of water does not take »lace. !le suggest that
the 100 feet o7 diiierence in notential may be adequate to cause considerable
downward movement of water through leaky confining beds.

tle believe that the unner artesian zone includes one nrincinal aquifer of
considerable lateral extent which has a mannable piezometric suriace. The
zone also includes one or more less extensive aquivers that have markedly difv-
erent heads commared to the main aquifer. Our interaretation of the 9siezometric
surface of the main aquifer of the unner artesian zone as of 1966 is shown in
Figure 4. Our interoretation is that the surface shows a residual cone of
depression. The ma» differs in some resnects fFrom »reviously sublished mans
(Laney, Kirkham, and ?iser, 1923; Ross, 1965; Chang-Lu, 1967).

We show a closed cone of depression along the South Fork Palouse River in
the southeastern extension of Moscow basin; this is the result of heavy numnage
for irrigation and industrial nurnoses. The closure is drawn on the basis of water
levels in several wells drilled in recent years in the vicinity of the niezometric
divide. This inter)retation suggests that no recharge enters the upoer artesian
aquifer in the main »art o7 Moscow basin from the South Fork Palouse River vallev.

Our data require that we show the center o7 the cone of denression as dis-
placed to the north of the main numping center at the City »umping »lant. The
reason tor the disnlacement is not known.

The closure o7 the contours to the northwest of the main basin is based on
the assumntion o7 a closed residual cone of depression. Chang-Lu (1967, o. 73)
presents another interaretation that the sha»e of the »iezometric surface of this
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nmart of the basin is controlled by a buriad valley in the surface of the usoer
interbed. The valley is Tilled with basalt that has high nermeability and forms

a ground water conduit. The high nermeability nermits the water to move at lower
heads; thereforc, a trough in the »iezometric suriace cxists over the buried

valley and the contours do not close to the west. Very Few wells arc nresent

to the west and the data nermit cither inter»retation. For the »urnoses of
artificial recharge, the closed residual cone of denression nresents the more
sessimistic set of conditions; therefore we decided to work with the residual cone.

FLOW SYSTEMS

To demonstrate thc cffects on the u»dner artesian aquifer of numping and of
recharging, we have constructed flow nets along line A-A' of Figure 4. These
flow nets werc derived irom studies of analogs in which boundary conditions
anproximate those in iloscow basin. We do not have sufficient geohydrologic in-
formation to construct a nrecise analog of Moscow basin; therefore, the nets are
schematic,

Figure 5 shows the schematic flow of ground water to a cone of depression in
a field of lateral {low---a field of Tlow in which the cone of desression has no
effect on the ground water notential at the boundariecs. Therefore, as far as the
well is concerned, the Field has no boundaries. The values of coefficient of
transmissibility and coefficient of storage that we are using for Moscow basin
are such that 8 hours of numping onc of the existing nublic suiply wells at its
usual rate would result in a cone of denression that does not reach the boundarics
of the field. Therecfore, Figure 5 is a fair annhroximation of the day to day
pumning operation o7 the umier artesian aquifer. Jeversing the oneration of the
net by making the well a recharge well would result in a cone of impression
that would not rcach the aquifer boundary in € hours of operation.

However, using the same aquifer oropertics, continuous numping--- or recharge
--- for periods much longer than 8 hours results in cones of influence that rcach
the boundaries of the aquifer. Figure 6 shows the schematic flow system for
these conditions with a »umping well, The well is in a field of radial flow where
the cone of derression intersects the boundaries. This flow system is important
both to the »umying and to the artificial recharge of Moscow basin.

Ye are nrodosing a nlan For artificial recharge that will ordinarily
onerate 24 hours a day “or about 100 days a year. Therefore, the cone of impres-
sion will reach the boundaries of the aquifer and the notential will build u» at
the boundaries. In making geohydrologic calculations on such a system, it is
necessary to take into account the effects of the boundaries; such a system is
handled by the method of image wells.

ARTIFICIAL RECHARGE

In order for artificial recharge to be feasible, a source of water must
be available that is large enough and denendable ecnough to justify the invest-
ment in the construction of the treatment plant and recharge facilities. The
recharge water must be chemically comnatible with the ground waters in the aquifer,
If injection through wells is to be used, the recharge water must be free of silt,
bacteria, and algae, or must be canable of becing trcated to remove these undesir-
able constituents. A site for recharge must be available. The entire nrogram
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must be feasiblc cconomically as well as technically.

tle believe that conditions in Moscow basin make artificial recharge tech-
nically feasible. ‘e believe that the lower costs of artificial recharge compared
to long-distance imnortation of water also meke artificial recharge economically
feasible in Moscow basin. '

Sources of Yater

Several intermittent streams originate on the south Flanks of the mountains
north and northcast o Moscow basin (Fig. 1). These strecams have very low flows
excent during the snring months.,

The castermost of tihe streams in Moscow hasin is the South Fork Palouse
River; outside of Moscow basin, the next stream to the cast of South Fork Palouse
River is Little Bear Creek. Each of these two strecams may yield about 480
million gallons for artiiicial recharge during a normal ycar; a total of 960
million gallons annually may be available.

The Moscow wastc-water treatment plant now treats about 300 million gallons
annually and will treat more as the sopulation of the City and the enrollment
in the University increcase, By the year 2000, as much as 1000 million gallons
may be treated annuzlly,

Utilization of all of these resources would yield about 1260 million gallons
in a normal yecar at present rates, and more in the future,

South Fork Palouse liver

South Fork 2alouse liver is the only stream in Moscow basin that has a
snring runoff large enough and dependable enough to be used for artificial
recharge. It flows through Robinson Lake, a small recrcational reservoir which
is about 4 air-line miles ENE of Moscow (Fig. 1). The drainage basin above

Robinson Lake is about & square miles in area.

For a number of years, the University of Idaho has onerated a gaging station
on Crumarine Creck, a »rincipal tributary of the South Fork Palouse. The gaging
station is about 1!3 miles usstream of Robinson Lake; the drainage basin above the
gage is about 2 square miles in area. Seven years of good records are available
during the neriod 1955-1964, The records show that for most years, s»ring runoi?
begins in February, continues through March, April, and May, and part way into
June. Flows of greater than 500 gom (gallons >er minute) seldom occur later
than mid-June. 1In general, the runoff is over before the summertime heavy pum»ing
demand begins in ioscow. Thus, the runoff currently is not available when
needed.

Our analysis o the Crumarine Creek strecam gage records shows:

Number of Days

Flow (gom) 6 _years_in 7 _3-U4 years in 7
More than 2000 Lo 50
1500 - 2000 20 10
1000 - 1500 10 30

500 - 1000 20 30
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If we use only the water that »asses the Crumarine Creck gaging station and it
we install a system that will recharge a maximum of 2000 g»m and operate the
system at any time that as much as 500 gom is available, we will be able to
recharge at lecast 182 million gallons during 20 days of oneration in 6 yecars out
of 7. WYe will Le akle to recharge 224 million gallons during 100 days of onera-
tion during 3 or L years in 7. However, the seventh year for which we have
record was very dry; “low at the gaging station exceaded 500 ghm only on 50 days
and seldom exceceded 1000 gom---the water available For recharge would have been
only 35 million gallons.

By building one or more small reservoirs, the stream flow could be regulated
so as to store water in excess of that needed for the immediate oneration of the
artificial recherge >lant. 'Ye will be able to obtain an additional 4O million
gallons for delayed recharge during 5 years in 7 and another 15 million gallons
3 years in 7. During 1 year of record---1956---over 100 million gallons additional
water would have been available,

For nurnoses of computation, we suggest that during a normal year, Crumarinec
will yfeld 200 million gallons on a run-of-river basis and a total of 240 million
gallons if the Tlow is regulated, More water would be available in some years
and less in others. However, annual variations in stream flow are less important
to artificial recharge systems than to systems that rcly on surface stroage. In
years that water is unusually abundant, the excess can be recharged and left in
the ground to be numned out during the years that water is less abundant.

If we divert water at Robinson Lake, the area of the drainage basin is about
three times as great as the areca of the Crumarine Creek drainage basin above the
stream gage. The amount of water available »robably is not three times as large,
but may very well be twice as large.

Assuming that "low at Robinson Lake is twice as large, our extranolation o¥
the Crumarine Creclk data to Robinson Lake is:

Humber of Days

Flov (gom) 6_vears in 7 3-4 years in 7
More than 4000 Lo 50

3000 - 4000 20 10

2000 - 3000 10 30

1000 - 2000

Thus a 2000 gom run-of-the-river recharge system onerating at a 1000 gpm minimum
would be able to recharge 232 million gallons during S0 days of oneration in 6
years out of 7. 'le would be able to recharge 300 million gallons during 120
days of operation in 3 or L4 years out of 7.

If the artificial recharge nlant canacity is incrcased to 4000 gom with a
1000 gom minimum, the lobinson Lake diversion would furnish 375 million gallons
in 90 days of o>zration during 6 years out o7 7 and 450 million gallons during
120 days of operation in 3 or U4 years out of 7.

Small rescrvoirs used for temporary storage and to regulate flow might
add an additional 80 to 100 million gallons annually. During a normal year, the
South Fork Palousec liver at Robinson Lake probably will yield about 400 million
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gallons on a run-of-river basis and 480 million gallons if the flow is regulated.

Little Bear Creel

Yle have no data on 7low of Little 3ear Creek. Denending upon the location
of the intake, the drainage basin utilized would be between 8 and 12 square miles
in area. 'le assume that it has about the same characteristics as South Fork
Palouse River and assume that it will also yield 400 million gallons annually
on a run-of-river basis and 480 million gallons if the flow is regulated.

Because the drainage basin is larger, Little Dear Creek might yield more water
than South Fork 2alouse River.

Moscow laste-llater Treatment Plant

The most reliable, year-around surface flow of water in Moscow basin comes
from the City ‘laste-ilater Treatment Plant. The existing installation nrovides
a high grade ef7luent from secondary treatment. Addition of tertiary treatment
would bring the efFluent up to notable standards. According to Mr, Orrin Crooks,
Suserintendent (oral communication), the average discharge of the plant is now
about 900,000 gallons a day and the range of discharge is between 800,000 gallons
and 1,800,000 gallons a day. The annual discharge is about 300 million gallons,

The effluent is not now utilized by Moscow, but is discharged into Paradise
Creek and flows towards Pullman. This is a watar resource that can be utilized;
it is in fact, the only water resource that will increase in volume as the popula-
tion of Moscow hasin increases., By the year 2000, the discharge nrobably will be
1 billion gallons annually; it should be utilized.

ArtiTicial Recharge by Yater Snreading

An artesian aquiter can be recharged artificially at it natural recharge
area by flooding the surface or by Tlooding pits or galleries. However, water
snreading along the edges of the basalt in Moscow basin does not seem practical
because of quality o7 water »sroblems, unfavorable geology, unfavorable distribu-
tion of centers of npumning, and high cost of land.

The high iron content that has long been a serious »roblem in water from the
upper artesian aquifer secems to come from a body oi high-iron water lying
between South Forl Palouse River and Paradise Creck (Fig, 1). The iron seems to
be related to the origin of the high-alumina clays on the nartly-buried ridge
of bedrock between the two streams. Recharge by spreading over the body of high
iron water would Torce thc high iron waters in the direction of the pumping centers,
thus aggravating a »roblem that is already sufficiently annoying,

The geology is uniavorable along the edges of the basalt. Low-nermeability
clays overlasy the basalt and would interfere with downward movement of water.

Artificial recharge in the easterly extension of iloscow basin along South
Fork Palouse River would srincinally benefit the users in that area rather than
the City and the campus of the University., Only water that moves nast the indust-
rial and irrigation wells would reach the main Moscow basin,
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The land along the edge of the basalt is valuable Farm land that is slowly
being taken over by urbanization. A change of land use to accommodate large
water soreading arecas would be exnensive. As local taxnayers, we do not wish
to see any morc land in tax-free status in the Moscow area.

Artificial Recharge Through 'clls

Recharge through wells seems to be »nractical For Moscow basin, Initially,
some of the existing wells could be used for recharge during the s»ring runoff
scason, then the same wells could be used as sudnly wells during the neak demand

season. Later on, it may be necessary to drill new wells,

Recharge of the u»noser artesian aquifer through wells at the existing »umping
centers (Fig. 1) has the advantage that the notential buildun would be directed
away from the »umping centers, thus driving the high-iron waters away. ‘e be-
lieve that if we recharge iron-free water, we will recover iron-free water during
the first nart of the »umping season. During the latter part of the scason, we
would again be using the high-iron, natural ground water. However, because a
water treatment »lant is a nccessary »art of the artificial recharge oneration,
we would be able to ungrade the high iron waters at relatively small additional
cost.

Disadvantages of well injection are the need to install new nineline in a
heavily urbanized area and uncertainty as to the 1ife o7 the wells, The airline
distance from the nronosed water treatment nlant to the City pumping plant is
about 3000 fecet; sresumably, at least LOOO feet of nineline would be necessary.

Exnserience elsewhere (Todd, 1959, », 262) indicates that wells used for
artificial recharge may eventually clog un beyond the »noint that they can be
redeveloned. Using the same wells for sunply as for recharge will lessen the
effects of clogging because the wells will redevelon during the numping season.

At this time, we do not know what the 1ife would be of a recharge well in
Moscow basin. The life of some of the sumly wells has been unusually long;
in snite of the high iron content., Yields of City well 2 and City well 3 are
not notably different today than they were when drilled about 40 years ago. On
the other hand, the casing failed in University well 2 in about 12 years;
University well 2 has been recased and is in operating condition on standby basis.

Proper management o7 the quality o7 the recharge water will help to extend
the life of the recharge wells. However, the system should he nlanned so that
future wells can be installed in reasonable nroximity o7 the nineline that
delivers the recharge water.

Another factor to be taken into account is a nronosal to move the center
of numnring for the unner artesian aquifer to the western edge of Moscow basin,
The western pumning center would have a larger natural recharge area. It would
also be down-gradient From the recharge center and thus would be in a better
nosition to intercest the artificial recharge.

Quality of !'ater

Success of artificial recharge denends in nart on the quality of water used.
Physical, organic, and chemical factors must be taken into account.
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The most important physical factor is silt. Todd (155, p. 265) has calculat-
ed that 700 mg (milligrams) of silt in a liter of water would deliver 11 tons of
silt to a recharge well during a single recharge season. 'le lack systematic
data on silt in South Tork Palouse River; the few data available range from 12 to
1000 mg »ner liter. Obviously, silt will need to be removed by a water treatment
nslant.

e have little control over temnerature and dissolved air, During the
early »nart of the recharge scason, the recharge water temnerature will be only
slightly above freezing. This water will be relatively viscous and recharge rate
will be relatively low, Later in the season, recharge water temperatures will be
higher and rates o7 recharge will be relatively higher., \later temperatures in
the unher artesian aquifer are about 55°F,

Dissolved air carried into the aquifer by recharge water may reduce »ermea-
bility. Other than designing the system for minimum turbulence in the >resence of
air, little can be done about dissolved air.

The organic Tactors are bacteria and algae; both are slime sroducers that
can reduce sermeability. They can be controlled by chlorination of the recharge
water (Todd, 1952, »n. 2563).

No great »roblems in chemical comnatibility are anticinated. The few analy-
ses available {or the South Fork Palouse River indicate that the river water is
not significantly diffcrent from the water in the udoer artesian aquifer. The
river water has about hz1¥ as much total dissolved solids, Cations are nresent
in about the same »>roportions in both waters, thus no base exchange nroblems secem
likely, Chloride is about three times more abundant in the river water, but
no nroblem should arise vrom this condition.

Treatment of the !later

In order to use river water for artificial recharge, it will need to be
treated to remove silt and to control organic agencies. ‘lk assume that the
treatment will be suiiicient to bring the water u»n to »otable standards.

Optimum location, design, and operation of the trecatment nlant require ‘Turth-
er study and are beyond the sco»e of this naser., However, in order to have some
idea of construction costs, we will suggest one »slan but admit it may not be the
most desirable.

e nronose that most of the silt can be removed by settling basins and
rasid sand filters that are located near the site where water is diverted from
the streams. {inal treatment by fFlocculation nrobably will be necessary; we
suggest a flocculation nlant on a tract of city 1and near the north edge of
Moscow (Fig. 1). ‘e nresume that the flocculation »lant could be designed that
it also could be used Tor the removal of iron. ‘le anticinate that iron removal
would be needed in the latter part of the numding secason when the natural high-
iron ground water of the unner artesian aquifer would bz H>umed.

Available Yells

Two of thec wells at the City numning plant that are in the unner artesian
aquifer should be suitable for artificial recharge. City well 2 is 240 feet



14

deen, 15 inches in diameter, and is normally numped at 1000 gpm with about 20
feet of drawdown. City well 3 is 245 feet deen, 10 inches in diameter, and is
normally »umdyed 1350 gom with about 10 feet of drawdown. Allowing for some
loss of nermeability causad by dissolved air, we believe that the two wells
will accent recharge at a combined rate of 2000 gnm. It is nossible that City
wzall 3 can accent the entire 2000 gom.

e are assuming that recharge can be accomnlished Ly essentially gravity
flow at the recharge well, Head differential---and recharge rate---might be
increased by forcing the water underground with pumns.

MATHZHMATICAL MODEL STUDY OF ARTIFICIAL RECHARGE OF THE
UPPER ARTESIAN AQUIFER

As of 1966, the residual drawdown at the City -umning plant was about 100
feet. As a Tirst apnroximation, the 100 feet of residual drawdown can be
considered to resresent snace in the aquifer that once stored water and is at
least in part available to store water again. However, the entire snace cannot
be used because recharging creates a cone of imnression at the well; the cone of
impression is more or less a mirror image of the cone of depression that would be
created by numping the well at tihe same rate as the rate of recharge. City well
3 has a drawdown o7 about 10 {zet at a »umning rate of 1350 gpm; presumably it
would build un a2 cone of impression about 10 feet high when recharged at the same
rate. The ane: of the cone would gradually rise as water entered stroage in the
aquifer and recharge would be imnossible when the anex of the cone reaches the
surface,

It is there’ore necessary to study the rate of the rise of the asex of the
cone of impression during recharge of wells, ‘!le took the approach of a simple
mathematical model having generalized boundary conditions and internal nropertiecs
similar to thosc oV the uoner artesian aquifer.

Good data arc virtually alb:sent on the hydraulic »ronerties of the upner
artesian aquiver. These data can be obtained by s»ecial numping tests, but we
were not able to run these tests as a nart of our studies. Therefore, we have
estimated these data.

Coefficient o7 transmissibilities were estimated from snecific capacity data
using graphs srenared by Meyer (1963, ». 33¢) and “alton (1962, ». 13). The
transmissibility For City well 2 is 150,000 gallons »er day »er foot; the
transmissibility Tor City well 3 is 1,000,000 gallons »er day »er foot., ‘e
ran calculations Tor both values, regarding them as »srobable minimum and maximum
values.

No means for cestimating coefficient of storage could be used in Moscow basin;
appropriate data do not exist. However, in most artesian aquifers, the values are
in the range of 1073 to 10°%, e therefore selected the middle value, 10-%,
According to D.A, Myers (oral communication), members of the U,S. Geological
Survey who are working on the geohydrology of the Columbia River Group consider
2.3x10"3 5 be the best value of coefficient of storage, Therefore, our value
nrobably is conservative.

The shaye o the usser artesian aquifer was generalized as a rectangular
body bounded by impermea>lz barriers on three sides---north, east, and south---
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and ocen to the west (Fig. 7). The impermeable boundaries are the contacts
between the unper artesian aquifer and the basement comnlex. The recharging site
is about 10,000 7cct From the north and south boundaries and about 8500 feet

from the east Loundary.

The probable buildup of the avex of the cone of imnression was nredicted
using the modivied non-equilibrium equation of Cooner and Jacob 1946 and the
method of image wells (Ferris and others, 1952, 5. 144-166). For the nurposes
of the calculation, we used a 100 day season and recharging rates of 1000 and
2000 g»om.

If City well 3 were used as the only recharge well, the buildun of the cone
of impression in the vicinity of the well would be 24 feet after 100 days of
recharging 1000 gom cnd L5 Teet after 100 days of recharging 2000 gpom. IF City
well 2 were used as the only recharge well, the buildup would be 62 feet at
the end of 100 days of recharging 1000 gnm. Buildus of City well 2 for 2000 gom
was not calculated. D3v using the two wells in various combinations or recharge
rates and days of recharge, probable builduns will Fall somewhere between 60 and
25 feet.
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CONCLUSIONS

Qur nronosed artivicial recharge nrogram is not simple., It is not chean
until its costs are compared with the costs of long-distance importation of
surface water.

Our study is Dased on very little measured data and on a great deal of data
that are either estimates or educated guesses. These data will need to be
renlaced by measured data before the nrogram should be adonted.

Our onreliminary study indicates naturally-available ground water »lus
artificially-recharged ground water obtained from nearby intermittent streams
should meet the demands of Moscow basin until the year 2000 at a lower cost than
long-distance imyortation of surface water. After the year 2000, the effluent
of the City waste water treatment nlant can be utilized to nrovide water suffici-
ent to meet demands well into the 21st century.
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