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FEASIBILITY OF ARTIFICTAL RECHARGE IN THE
_SNAKE RIVER BASIN, IDAHO

By
M. J. Mundorff

Abstract

The Sneke Plain aquifer is an importent element in the water re-
sources of the Snake River basin. About 800,000 acre-feet of water is
availsble from each foot of saturated thickness of the aquifer. The
coefficient of transmissibility ranges generally from 1 to 60 million
gallons a day per foot..

Irrigation began on the Snske River Plain in the 1880's, with
water diverted from Spake River gnd its tributaries. Since that time
recharge from irrigation has resulted in a rise in the water table of
roughly 60 to 70 feet. Coincidently with the rise in water level,
total wnderflow in the aquifer increased from about 5,200-5,500 c.f.s.
to about 9,000 c.f.s. by 1950, The aquifer discharges into the Snake
River, chiefly in two reaches, the American Falls Reservoir reach and
the Hagerman Valley reach.

Since 1950 far more. land has been developed with ground water
than with surface water, so that the trend of the water table has been
reversed. Declines ranging from 1 to 12 feet between 1950 and 1960
are general over the plain.

With the increasing scarcity of favorable sites for surface stor-
age, and the genersl downward trend of the water table during the past
8 or 10 years, artificial recharge has become increasingly attractive.

Surplus flood-waters are available in many years from the Snake
River, Henrys Fork, and scme other streams. The bare, rough, porous
basalt is favorable for recharge by water spreading in many places.
However, most of the central part of the plain is too high to be reached
by amy feasible route from the rivers. Thus, favorsble areas are re-
stricted generally to a belt of terrain between the alluvial valley of
the Snake River, which is farmed, and the higher basalt surfaces to the
northwest of the alluvial valley. Much of this land is public domain.

Three areas were studied in some detail. All are underlain by
basalt with varying amounts of windblown sand and silt overburden.

The area between Roberts and Plano is near the eastern end of the
‘plain. ILarge areas of land at a suitable altitude are availsble. How-
ever, the silty and sandy overburden hes partially filled crevices. and
other epenings in the basalt, thus reducing the intake capacity.

A second area is a few miles west of Idsho Falls where there are
50 to T5 square miles of bare, very rough basalt at a suitable altitude.
At some places silty interbeds underlying the uppermost basalt flows



will cause perched water tables, and may spread the recharged water
rather widely before it percolates downward to the main water table.

In this same general area recharge might also be accomplished by diver-
sion of water into gravel pits adjacent to the river.

A third area is along the Milner-Gooding Canal between Milner and
Shoshone. Considerable areas of rough basalt with little overburden
are adjacent to the canal where they could be reached by diversion
from the canal. There apparently are no extensive interbeds in this
area, although lenses of silt might cause local perching.

The effectiveness of recharge is demonstrated by more than 60
years of recharge from irrigetion, amounting to roughly 3% millicn
acre-feet a year, several times the amount of water available for
artificial recharge. Artificial recharge will not reverse the downe-
ward trend in the water table, because not enough water is available
to offset the increasing demands for irrigstion from ground water.
However, recharge of a million acre-feet will permit pumpage of 2
million acre-feet additional water (assuming 50 percent consumptive
use) without any additional decline in the water table.

II



Introductlon

The Snake River bas:.n, upstrea.m from Bliss s Idaho (f:l.g. l) in-'
cludes an area of nearly 36,000 square miles of: which ebout 29,000 -
square miles Iis in southeastern Idaho. The population of the area
within Idaho is about 275;000, which is about 41 percent of the popu-
lation of the State. Nearly 2 million acres or gbout two=thirds of _ -
the total irrigated acreage in the State is in the area;. also, most,
industry is based on agriculture, and-as a result the econon:w -of th.e
area is closely related.to irrigation. o : S .

Most of the more easily develeoped sources of surface water are
fully utilized, and development of additional supplies are possible
only by means of expensive storage facilities. As surface-water
supplies have become more 8ifficult to obtain, use of ground water has -
increéeased greatly. The acreage J.rrlgatéd with ground water has in- ;-
creased from less than 100, OOO acres in l9LL5 to more 'bhan 600 000
acres in. 1960.

’Ihe two"largéét components of outflow from the basin are grounds-.
water discharge from the Snake Plain aquifer between Twin Falls and
Bliss, averaging about 4,700,000 acre-feet per year, and flood flows
in the Snake River averaging perhaps 750,000 acre-feet per year. With
rapidly increasing development of ground water and the consequent -
decline in the water table, and with surface-storage sites becoming
more costly, underground storage by means of artificial recharge be- :
comes increasingly attractive.

Artificial recharge may be defined as a planned addition of water
to an aquifer to increase the supply of ground water in storage so
that, {1) more water can be withdrawn at some future date than other-
wise would have been available or (2) the sameé smount of waber can be
withdrawn with less pumping 1lift. To be effective, recharge must be-
with water that otherwise would not have reached the aquifer, or that.
would have reached it at some other place, where the recharge would
have been less advantageous. Although recharge:incidental to irrigation
with surface water diverted to an area may be very beneficial. to the - -
ground-water supply, such recharge generally is not regarded as arti- .
ficial recharge because the. primary objective is to raise crops, ra.ther
than to build up the water table. - This type of incidental recharge -
has increased the ground-water supply of the Snake River basin very
greatly during the past 80 years.

Purpose and scope o:f' invest:.gatlon
The J.nvestn.gatlon was undertaken by the U. S. Geological Survey at
the request of the U. S. Bureau of Reclamation: ‘and is a part of their
continuing study and appraisal of the water ‘resourcés and potential for

- irrigation in the Snake River basin. The investigation by the Geologl-

cal Survey included study of geology and ground-water hydrology as
related to possibilities for artificial recharge in the Snake River
basin east of Bliss, and especially to possible artificial recharge of




the Bnake Plain aquifer. This study is an offshoot of an earlier in-
vestigation, by the Geological Survey, in cooperation with the Bureau
" of Reclamation, which culminated in a report on ground water in the
Snake River basin (Mundorff and others, 1960) -

- The specific objectives of this investigation were to - idenbify
areas and aquifers that might effectively be recharged, to describe = -
the geologic and hydrologic features that would control recharge in the
Snake River basin in general, and at the potential recharge sites in
- particular, and to evaluate the effects of artificial recharging on the
hydrologlc reglmen of the basin.

The author was assisted in the field. by Chabot Kllburn, R C e
Luscombe, and Sheldon Cordes. Field work begean in July 1959, and was
completed in July 1961. Field work included collection of pertinent
data on wells, collection of sand and silt samples for laboratory .
analysis, and geologic mapping. Four test holes were drilled to pro-
vide stratigraphic and ground-water data. Recharge experiments:were
conducted at three locations by the Bureau of Reclamation during the
period April.July 1961. Technical assistance was given by the Geo-
logical Survey, and the results of the experiments are evaluated in
this report.:

A 1afge emount of data collectéd in previous 1nvest1gatlbﬁs was _«'
used in the study, and records of 1rr1gatlon districts and caral com- .
panies were also utilized.

Previous - investigations

Although many persons have commented on the possibilities of arti-.
Ticial recharge in the Snake River basin, no specific study had previ-
ously been made. However, a number of ground-water reports on the area
provided informstion which was utilized in preparation-of this~report.-~

o The most important previous studies in the area were those by .
Stearns, Crandall, and Steward (1938); Stearns, Bryan, and Crandall -
(1939); Nece, Stewart, and Walton (1959); and Mundorff, Crosthwaite, :
and Kilburn (1960). The last cited report contains a complete list -of -
investigations and reports on ground water in the Snake River ba51n :

through 1959.
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Well-numbering system

. The well-numberlng system used in Idaho by the Geologlcal Survey;; -
indicates the locations of wells within the official rectangular sub= -
divisions of the public lands, with. reference to the Boise base line . .
and merldlan. The first two segments of a number de51gnate the towm-. -
ship and range. The third segment gives the section number, followed ..
by two letters and a numeral, which indicate “the quarter section, the. ..
Lo-acre tract, and the serial mumber of the well within the tract.” . .’
Quarter sections are lettered a, b,.c, and d in counterclockw1se order,
from the northeast quarter of each section (fig. 2). Within the.
quarter sections 40-acre tracts are lettered in the same manner. Well
85-16E-12bcl is in the SW{IWL sec.-12, T. 8 s., R. 16 E. and is the

well flrst v181ted in that tract.. - . e

Physical setting .

The Snake Rlver bas1n upstream from Bliss (hereafter referred to as
the Snake River basin) consists of the broad central Snake River Plain,
end the flanking mountain ranges (figs. 1 and 3).

The Snake River Plain averages nearly 60 miles - in width and extends’
from Bliss northeastward approx1mately to Ashton, a.distance of about. 200
miles. The surface. of the plain slopes southwestward, from an altitude.
of more than 6,000 feet north of - Ashton, to. about. 3,200 feet near Bliss.
The plain is underlaln by a thick. sequence of basaltic lava flows, and -
sedimentary interbeds. The surface of the lava flows appears. monoton-;,
ously flat from a distant view but closer observatlon reveals. & varlety
of land forms and a diversity of geologic features. Broad swells and-
domes mark some centers of volcanism, craters and clnders, at- places pz;
alined along great rift zones mark others. Some of the earlier lava
flows are covered with a mantle of windblown sand and silt, and in :some
depres51ons sedlmentary depos1ts accumulated in playas. . The ‘more recent
flows are virtually bare and the ropy pahoehoe lava. forms flat table-;;
and ramp-like surfaces extendlng for hundreds of yards. At other places
the rough blocky as forms an exceedingly jumbled and jagged mass...large
lava caves and tubes are found at a few places, and pressure rldges -and .
collapsed lava tubes are common features. One striking feature of the
surfacé of some lava flows are the millions of small round. pits commonly
5 t0 10 feet in dismeter that dot the surface in some areas, and appear ..
from a distance like the surface of a fine textured synthetic sponge.
The pressure ridges, collapsed tubes, and pits are all greatly fractured,
especiglly around their perlpherles, and ‘many of the fractures gape
widely. o , . L

Bordering the Snake River Plaln on 1ts northwestern and southeastern
flanks are a series of subparallel mountain ranges and lntervenlng val-
leys. The mountain ranges on the northwest flank of the plain rise: to
altitudes of 11,000 to 12,000 feet; those on the southeast to altitudes
of 7,000 to 10, OOO feet, The rocks in the molmtains are chiefly older
consolidated rocks including granite, quartzite, limestone, shale, sand-
stone, and silicic and basaltic rocks. In general these have been folded




and faulted into a series of northwestward trending ranges with inter-
vening structural valleys. The surficial expression of these structures
terminates abruptly at the margin of the Snake River Plain which crosses
them at approximately a right angle. The older rocks were faulted and
Warped dovnward to form a basin in which the basalt flows and associated
sedlmenta.ry beds of the Snake River Plain accumulated. The thickness of
the £ill in this broad basin beneath the Snske River Plain is not known;
geophysical evidence suggests that the basin is more than 5,000 feet
deep. No wells more than a mile or two from the margin of the plain
have penetrated deeply enough to reach the underlying bedrock. The
deepest well which is in Idaho Falls, ‘is 1910 feet deep. '

‘The structural valleys between the mountain ranges :E‘lankn.ng the |
plain are broad, alluvial filled basins which merge with the Snake River
Plain at its margin. Many of these basins are as broad at their heads
as at the mouth, and the streams draining them obviously have had little
or no role in shaping the valleys. - The £ill in these valleys consists
of alluvial-fan deposits, stream alluvium, basalt, and lake beds.

Climate and agricultural development -

Precipitation on the pla:.n and in the bordering valleys is gener-
ally less than 10 inches annually, thus irrigation is requ::.red for-
crops. Limited forage is available for sheep and cattle on the non-
farmed lowlands but this- generally lasts only for a short time in the
spring. Some bench lands receive 10to 15 inches of precipitation
anmually, sufficient for raising wheat; ‘or ‘moderately good pasture.
Mountain areas receive up to an average of 50 inches of precipitation,
and are used for grazing in the summer months. Much of the preca.prba.-—
tion in the mountains occurs as SLOW. ‘ '

The length of grow:i.ng season varies with altitude and other. fac-'
tors, and ranges from less than 60 days in h:l.gh valleys to more th.an o
120 da.ys at the western end of the plain, .

‘The economy of the entire area is based largely upon :|.rr3.gat10n
agriculturé.  Not only do irrigated crops make up the major part of the
crops raised, but also stock raising depends to a considersble extent
upon hay and grain raised on :|.rrigated fayrms ;. and the irrlgated fielc‘is
are used for winter pasture.

A grea:t deal oi‘ the industry alsc is based on irrigation agricule
ture. = Important industries include sugar manufacturing , potato and
vegetable process:.ng, meat packing, processing of dairy products and
milling of grain. Thus, an adequate water supply f'or J.rrlgation is of
pr:l.ma.ry importance to the economy of' the a:cea..

E[he basin has far more arsble land than” can ‘be 1rr:c.gated even :|.:E‘
the entlre potentla.l supply could 'be completely utlllzed '

Hydrology of the basin

There are marked contrasts in the water supply of different parts
of the basin. The mountain ranges and high uplands have an excess of

L
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water. Precipitation, largely as snowfall, ranges up to 50 inches,
much more than evaporates or-is used by -the native vegetation. -The =
Snake River Plain and tributery valleys receive only 6.to 10 inches of
precipitation annually ; insufficient.for most crops, and wa:ter must be .
supplied by irrigation, either with surface.waber that enters-the plain
and valleys from the mmmta.lns s Oor 'by ground water.

The tnake R:Lver Which :E‘lows a.long the sou:bh. margin of the plain is
the trunk stream of the basin. : Its flow-ig maintained by perennial.. -
streams, chiefly from the east and south. . Most streams fxrom the- nor'th
do not reach the Snake River,. their entire discharge is lost-a -short
distance from the mouths of the valleys at the margin of; the Sna.ke
R:Lver Plain.

The Snake River receives large ground—-water :Lnflows :Ln 't.wo reaches.
The first is in the reach from American Falls dam upstream.-to. sbout the
mouth of the Blackfoot River (American Falls Reservoir. reach). Inflow
in this reach totaled about 1,900,000 acre-feet in 1960. . Water from
American Falls reservolr, above the dam, is -diverted through downstream
canals for irrigation. The second reach is below .Milner.dam, scme 60 -
miles- southwest. of American Falls dam. Ground-water inflow. below. MiIner
dam, largely. between Twin Falls and Bliss - (Hagerman Valley - reach) aver-
ages about 4,700,000 acre~feet a year from the north side of the. Snake .
River (discharge from the Snake Plain aquifer) and about. T00;000 acre- -
feet a year from the south sgide of the river. Because the river is in a
deep: canyon below Milner dam, little water iIs diverted from Snake River
below that point. From the standpoint of irrigat__ion,‘ the water is.. -
largelymsted. ' ' ‘ LT T e e

Surface storage fa.cilitles upstream have been developed to the :
polnt ‘that in less than one-half of the years is- it necessary to s;p:l_ll -
water at Milner, except in minor amounts for fish and prior water-power
rights. -Development of additional storage, .either surface or under- .
ground; that would permit irrigation of additional lands, would be off ...
direct benefit to the economy of the area.

A Hydrology o:E' the Snake R:Lver Pla:.n -

'.'[he hydrology of Snake R:Lver Pla:r.n is sumnarized in. thn.s sectlon to
serve as a basis for evalusting rechairge possibilities and effects. A
more complete description' of the hydrology can be found in the report by
Mundorff and others (1960)

The l:t.m:Lt of the Snake River Pla.:.n along :Lts northwest f‘la.nk ds
reasonably well defined (figs. 1 and 3). Except. where.tributary. valleys
enter the plain, the lava terminates abruptly against the mountain slopes
formed on the older rocks.: At the mouths of some of the tributary val-
leys, as at Big and Little Lost Rivers; and Birch Creek, the lavas extend
a short distance up the valleys. The boundary of the plain along its -~
southeast flank is less definite. Sedimentary materials were deposited
in wide basins formed by damming of Snake River by lava flows, and extend
for considerable distances up the tributary valleys. The sedimentary -



deposits are commonly interbedded with basalt. The southeast boundary
of the plain probably can be defined most conveniently by extension -
across each valley from headland to hea.dland at the northwest end of -
the intervening mountain ranges.

The part of the Snake River Flain of primery concern in th:.s report
is that part underlain by the Snake Plain aquifer. The Snake Plain
aquifer is defined as the series of basalt lava flows and intercalated

pyroclastic and sedimentary materials that underlie the Snake River
Plain extending eastward from Bliss and Hagerms.n Va.lley a.pproxima.tely B
to Ashton and the Big Bend Ridge (fig. 3).. :

A basalt lava flow generally is fine-grained or glassy and dense
&t its base.. Toward the center of a flow, where the lava cooled more
slowly and remained fluid longer, the basalt is coarser grained.. Be-
causge the top of a flow generally crusted over rather gquickly and was
subject to pressure from the still fluid lave beneath, it broke into
blocks. Thus, the surface of msny lava flows is highly irregular,
rough, and broken. At places fluld lava drained from the chilled and -
solidified walls and top leaving lave tubes, many of which collapsed. in
a jumbled mass. At other places renewed or incressed pressure from the
fluid lava beneath caused the crust to bulge up and break :Lnto pressure'
ridges lea.ving gaping cracks at th.eir tops or sides. - S

2 Lava poured out over the irregular surface of an earlier: florw oply
partly filled the irregularities, leaving voids between the earlier and
later flows. The zones of voids between the top and bottom surfaces of
successive flows, comonly termed interflow zones, are the important
water-bearing and water-ylelding horizons of the Snake Plain aguifer.
Pyroclastic volcanic material such as volcanic bambs, clinkers, cinders,
and ash frequently were ejected between flows. . Where this material is
coarse-grained and porous 3 it adds to the pemeaba.lity and, porosity of’
the interflow zones.

Lava flows generally have shr:‘.nka.ge ,joints s developed while cool:'mg »
more or less at right angles to the flow surface. These joints are im-
portant avenues for movement of water from ome flow to another at scme
places, but are relatively unimportant in the lateral transmission of
water. -The inability of water to move freely between superimposed water-
bearing zones is demonstrated by the commonly observed. sliglrt but signi—
ficant differences in water levels in successive zones.

A single flow overlain by a sedimentery deposit rarely is a good
aquifer because most of the openings and interstices at and near its top
are filled with sedimentary materisls. If these materials are coarse
sand and gravel, or cinders, the unit will transmit water freely, but
filled openings transmit far less water than ones that are not filled.
 If the capping and f£illing material is silt or. clay, little or no wa.ter
will be transmit’ced.

The Snake Pla.in a.qu:l.fer comprises a tremendous hydraulic system

| serying both as & vast storage reservoir and as a ground-water conduit.
The storage capacity of the aquifer i1s very large. The specific yileld
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probably is on the order of 10 percent-.and the total porosity may be 15
to 20 percent. ' Assuming a specific yield of: 10 percent, .each foot of .
sgturated thickness of the. entire 12,000 to 13,000 square.miles of the
aquifer would yield about 800,000 acre-Peet’ of “water. 'Conversely, each
rise of one foot over the ent:r.re area- of the a.qu:l.fer Would represent a

qe:.n in’ stora.ge of s.bout 800 000 a.cre—feet. S SN

The ablllty of the aquifer to tra.nsmlt Water is. great. lhe ‘coeffi-
clent of transmissibility generally ranges from L to 60 million gip.d.-
(ga.llons per ds.y) per foot, and pro'ba.bly averages 10 mll:.on g.p.d. per
foot: - g _ . ‘

Sources of recharge to ~l;he a.qm.fer, in order of :unportance, are: :
(1) percolation from irrigation diversions, (2) seepage from streams
entering.or crossing. the plain, (3) underflow from tributary basins,
and (4) precipitation on the plain: “The report. by Mudorff and- others
(1960} .included a quantitetive analysis of the hydraulic system com~ "~ -
prised by the Snake Plain aquifer. Recharge was summarized in that
-report (p. 177 ) a.nd is presented in a modif:l.ed vers:.on of "bhe:.r table s.s

z-follcmrs* BRCE _ g

Source s O seg;nent of Sna.ke River Annus.l rechs.rge Ave’:t'e'ge"‘flow

Pla:l.n where recharge occurs: (a.cre-feet) < (e.fise) -
Prec1p1ta’slon on the pla.:.n : 500 000"*- v T 0
Tributary basins along north flank 1,000,000 l,’-l—OO
Upper Snake River valley, above Firth 2,500 ,OOO ) 3,400
Snake River valley, Firth to BlackPoot - - - -600;0000 <" 800
Snake River valley, Blackfoot to Neeley 360,000 _ 500
Snake ‘River valley, Neeley to Milner - < L00;000% =% - - ‘600
Snake River valley, Milmer to Bliss- . - .1,200,000" "= 7. 1,700

Average annual recharge (rounded) - - -6,500,000 9,000

.. Discharge from the aquifer is.into the Snake River and is chiefly-
In two areas; in the American Falls Reservoir reach,: between the mouth
of the Blackfoot River and American Falls (between the Blackfoot and
Neeley . gaging sts.t:.on) » and in the Hagerman Valley reach between Twin
Falls and Bliss. In the first. reach the average discharge from the -
aquifer is sbout Z; 600 CefeSa, of which about 500 ¢.f.8. 1s recharged
“within the sect:.on » making the net loss from the aquifer in the reach
sbout 2,100.¢.f.s. Inflow in the resch is-stored.in. America.n Falls ‘
Reservoir and dlverted downstream for 1rr1gat10n. S S A
. D:Lscha.rge in the second ares is ch:.efly between Tm.n Falls a.nd
Bl:-.ss, although there are a few sms.ll springs between Milner Dam and
Twin Falls, where the agquifer terminates at the canyon of the Snake
River.- Discharge from the aquifer (north side of river).averages about
6,500 c.f.s. « Ground-water inflow in this séme reach from the south-

side of -the river averages about 1,000 c.f.s. for.a-total ground-water .
inflow in the reach of about 7,500 c.f.5. . - Surface inflow,. about equally
divided between streamflow, chiefly the Big Wood (Malad) River, and sur-
Tace waste from irrigation averages about 700 ¢.f.s. additional so that
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the total gain in the reach, as measured by geging stations below .~
Milner Dam and at King Eill, aversges nearly 8,200 c.f.s. 'The combined
discharge from. the dquifer in the Blackfoot-American Falls and the Twin
Falls-Bliss reach is about 9,000 c.f.s. (roumded). - - -

~ The quantitative &nalysis was used by Mundorff and others (1960,
fig. 22) to constrict & quantitative flow neb > Which is reproduced as
-Pigure 3 in this report. Areas and amounts of recharge and discharge
and direction and amount of underflow aré shown by flow lines represent-
ing underflow-of 200 c.f.s. each. Beécause of lateral and vertical vari-
atlons in permeability the flow lines do not everywhere cross the -
contour lines at right angles, as they theoretically would if the

2

aquifer were completely isotropic.

 The flow net was used to construct a map showing the transmissi- .
bility of the aquifer. (Munderff and others,.fig. 55). Both these maps .
are. essential to evaluation of the effects-of rechasrge opergtions.”

.. The flow ne'b,(fig. 3) represents. the status of the aquifer approxi-
mately as it was in 1959. However, although the aquifer responds rather
slowly, it is not static but is continually changing in response to -
changes of recharge and discharge. Between 1900 and about 1950 s diver-

" slons for irrigation greatly increased Trecharge and the underflow, and'
raised the water table more than 100 feet .in some places. The effects

“'of recharge from irrigatien diversions are described in detall in snother
section of the report. . B : - : :

Ground-water use and 'é_ffectsbf withdrawals

. Ground-water withdrawals for irrigation began to be quantitatively
important after World War IT, in 1945 or 1946; and sometime between 1950
and 1955 the amount of acreage added each yesr through irrigation with
ground water begsn to exceed the acresge added through drrigation with -
surface water. The increase in ground-water withdrawals is shown graphi-
cally in figure L. Estimated ground-water use in the Snake River basin
in 1960 is shown in table 1.- el T S

- A considersble part of the water pumped percolastes back into the
ground -and returns to the aquifer. The propértions of the water that
are consumed or are returned to the aguifer depend upon the method of -
irrigation, character of the soil, type of crop, and other factors. The
amounts shown in the table.are estimates.only, but are believed to be
approximately correct. According to the table » ebout one-half-of all
the water pumped 'is consumed by crops or is evaporated and one-half -
returns to the aquifer.— Thus aquifer depletion.is approximately one~half
of the amount of ground-water withdrawn. I S

. Changes in’ground~water levels sre caused by changes in recharge or
discharge. Average amounts of recharge were shown in the table on page
T« The amount of recharge depends to a considersble extent upon diver-
«slons to irrigated lands. Because of large storage reservoirs 5 More
water is used in the basin in some dry years than in same wet years.
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. Table l,el-(}round-m‘her use in eastern Sna.ke River basin, Idaho

— S N TO6T

| Aren or,.-.ﬁs;sin”.ﬁ.v S ';;_:.‘Ac'::;eage ~Fmount of vater _: A_c__:reagej,:
- S facre~foot) i .
: Pumped __ Consumed :
Northern tributery basins: . ..., . N §
Big Wood-Silver Creek 3 10,000, ' 35,0000 16,000 1 12,000
Big Lost River Valley '@ .- i 12,000 = 50,000. 20,000 .3 15,000
Little Lost River. Vélley : 9,000 40,000 15,000 i 9,000
e : S A S P
, _ e '+ 31,000 125,000 " 51,000 "8 36,000,
 Southeastern tributary basins _ » R N : o
. a.nda.::'ea's'___ R S, e 2 _
Goose Creek-Dry Creék 90,000 250,000 150,000 ¢ 118,000
Raft River =~ : 38,000 . 127,000 65,000 ": .10,000
Twin Falls~Salmon Falls 3 11,000 ©-35,000 18,000 : 17,000
o £139,000 . 'W12,000 233,000 : 175,000°
Snake River Pla.in. 3 A | i '
St. Anthony-Rexburg-Ririe ¢ 15,000 .~ 50,000 22,000 : 20,000
Mud Iske Basin : 86,000 300,000 1%0,000 : 90,000
Roberts-Idaho Fglls area : ho 000  .130,000. 65,000 : 50,000
Blacl:foot-Aberdeen ‘ : llO 000 . 330,000 . 170, 000 . 120 »000.
Pocatello area T '_7,500_,. 25,000 . 12,000 : . 8,500
 Americen Falls area :__algooo - 65,000 35,000 % 26,000
’ Michaud Project (USBR) : 3,500 7,500 .5,000. : 3,500
Minidoks Project (USBR) '3 61,0000 205,000 100,000 : 62,000
Minidoka-Hazelton.area . : 80,000 = .240,000. 125,000 : -90 ,000
Jerome-Wendell area : 4 21,000 _ 65,ooo,u 35,000 : 30,000
Shoshone~Gooding area - : 5,000 . 15,000 8,000 : 8,000
L L 450,000 11,432,500 717,000+ 508,000
Total i 622,000 1, 969 500 1,001,000 ¢ 719,000
(rounded) ¢ 620 ooo 2 ooo,ooo 1,000,000 : 720,000



Thus, the index to recharge is not precipitation oh the basin; but the
quantity of water retained in the basin. For the period 1941-60 the .
amount " of inflow frém every msjor source east of Bliss was totaled for -
each year, and the surface outflow. at the gage beldw Milner Dem was
subtracted. A correctici wes mede for changes in storage in American
Falls reservolr. The resulting quantity is the amount of water enter-
ing or added to the basin @uring the year, and is an index of ground-
water wecharge. The position and trend of the water table 1s not.déter-
mined solely by the current year; recharge during previous years has
some influence. 'In order to make allowances for earlier years in the
recharge index, 1/2 the water retained in the basin during the current
year, '1/3 6f the previous year and 1/6. of the second preceding year were
totaled for use as the index for the current year. The "recharge index"

obtained in this way for the perfod 1950-60 is plotted in figure 5. Also
shown in this figure are hydrographs of wells 2N-31E-35dcl, 8S-24E-31del,

and 58.15E-35dcl. Water levels in the three wells are Pepresentative of
water levels measured in a large muber of observation wells in. the. cen-

tral and western parts of the Snske River Plain. The recharge index rose

in- 1950-~53, held about steady in 1954, declined in 1955 and ‘rose falrly
steadily the remaining five years, -The water levels shown by the hydro-
greph of well 88-24E-31dcl (5 miles.north of Rupert) rose with the re-
charge index through 1953, declined :Ln_l951L and 1955, and continued
declining through' 1960, even though-the recharge index was rising. The
decline in the water table in this area since 1953 cbviously is related
to the great increase in ground-water pumping in the Minidoka<Hazelton
area which began about 1950 and became quantitatively significant by
1952. ' S T ' N

' The fluctuations in wells 2N~31E<35dcl and 58-15E-35dcl show about
the - same influences and trends, except that the wells are considerably
more distant from areas of major ground-water pumpage, and pumpage in
areas nearest each of these wells did not become guantitatively signifi-
cant until 1957 or 1958, - L
- - Ground-water development in the Snake River Plain presumebly will
continue. Because of ‘the large amount of water in ‘storage and the very
high coefficlent of transmissibility the rate of decliné has been,. and
probably will continue to be 1low, probably averaging less than 1 foot
per-year. However, the decline will continue for mahy years.

- Factors affecting feasibility of artificial recharge in
. - the Snake River basin ,

. Among the many factors which affect the feasibility of artificial .
recharge in the Snake River basin, and 1limit the selection of suitable
sites, a few are of primary importance. These are the availability of
water sulteble for recharging, a suitable topographic situation, satis
factory transportation route from source to site ; and a sultable site
with adequate gbsorptive capacity of the materials underlying the site.
Iarge parts of the Snake River basin and the plain are eliminsted from
conslderation because one or more of the sbove factors are unfavorsble.
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Another considération further narrows the selection of suitable -
sites.  'In the Snake Plain aquifer the ground-water mound spreads .rather
rapidly; at some places the water table begins -rising at points as dis-
tant as 25 miles from a recharge arese. within a few months after recharge . -
beginsg. ‘Thus water can be stored for :periods -of - several-years only if - -
the recharge aréa is remote froi-the points of discharge.  For this rea~
son the most ‘desirsble locstions would be at the upgradient (eastern)
end of the agiifer. Recharge in that part -of the aquifer would raise -
vwater levels ‘bhroughou'b the aquifer,- -whereas recharge nea¥ the discharge
areas (i.e. » hedr American Falls reservoir, or the Twin Falls-Bliss "~ _
reach) would raise water levels only near the recharge-sites, and the o
rise would 'be of rele.tively short dura:bion a:f'l;er recharge ceased. R

Availability of water e

; Surplus water is a.vaila.ble in some years :E'rom “the Snake River a.nd
from Henrys Fork. A study was made by the U. 8. Bureau of Reclamation ™
(written commmunication, 9-6-61) of historical flows past Milner Dam, -
the last major downstream diversion point, for the 30-year period of
water Yyears - 1928-57, modified to reflect current operating conditions '
e.nd storage facilities. . o

'ihis s’cudy showed 'tha:t in 8 o:f:‘ 'l',he 30 years more 'l:.han 1,000 000
acre-feet of wster a year would have been aviailable -for recharging, and.
in 1k years more than 500,000 scre-feet would have been availsble.  In'3.
-other years more than 150,000 acre~-feet would have been available. cIn
13 years little or no water would have been a,vaila.'ble. AN : S

Proceeding on the principle that 'the water should 'be recharged as -
far upgradient in the aquifer as is feasible, the Bureau of Reclamation
concluded that water in an amount exceeding 100,000 acre-feet would have
been available from the Henrys Fork at St. Anthony in 12 of the 30 years.
In five other years the water available would have exceeded 20,000 acre-
feet. In the other 13 years of the study period little or no water would
have: ‘been ava.ilable for recharging.

- Assuming 0pera.tion of a 2, OOO C. :E'.s. ca.na.l diverting from the Henrys
Fork for recharge of surplus wa:ber » the smount of wdater svailsble from
Snake River below the mouth of the Henrys.Fork:was estimated by the- Bureau
of Reclamation to exceed 250,000 acre-feet in 14 years of the: 30=year"
period. In 2 other years the water available would have exceeded 100,000
acre-feet, and in the other 14 yedrs little or no water would have 'been
available  for recharging. The water would have been availsble in the. -
6-month period, Janmiary through June. Although substantial’ que.ntities :
of water were availsble for recharge in moré than half the years of the
base period, these years are not evenly distiibuted.' For example no
water would have been available during one’ 8-year period, and exce:pt for
about. 30,000 acre-feet available in one year, this period would have
extended to 12 years. On the other hand substantial flows, 150,000 acre=-
feet 1n the lowest year, would have been availsble each year for recharg-
ing during the last 15 years of the base period. : The same pattern may
not be repeated, but there probably.will be periods of several years when
no water is availasble.for recharging and equally long intervals when
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ample water is available. Design of any recharge and .recovery system -
must take into account the erratic time-distribution of surplus strea.m-
flcws that would be availsble for recharging. ‘

: Surplus mter also 1s availa'ble for recharglng in some strea.ms _
tributary to the plain, Scme flood water discharges from the Blackfoot,
Portneuf, and Big and Iittle Lost Rivers. A Artificial recharge might be
of  local benefit within these tributary ba.sins, but would not benefit
the Snake Plain aquifer for the following reasons.. -Discharge from the
Blackfoot and Portneuf Rivers is caught in American Falls Reservoir.
Because sufficlent water must be allowed to £low downstream in ‘the Snake
River to fill Americen Falls Reservoir, use of floodflows from the - -
Blackfoot and Portneuf Rivers would reduce the amount of water availa-
ble at upstream polnts from the Henrys Fork and Snake River by an equal
amount. Big and Iittle Iost Rivers lose their entire discharge at the
margln of the Snake River Plain. Diversion of floodflows for recharge
in upstream reaches would reduce recharge at the margins . of the plain by
an approximately equivalent amount. (There might be sl:.ght dn.fferences
in eva.poration losses at the two recha.rge si't.es). A R

Sumlus flood water is availa.ble in most years from “the ZB:Lg Wood
River drainage. Discharge records at the gaging station on Big Wood -
River (formerly Malad River) southwest of Gooding show annual discharges
ranging from 35,000 to 499,000. acre-feet during the period 1938-60.
Average annual -discharge for the 23 year period was about 185,000 acre-
feet. In only two years was the annual discharge less than 75,000 acre~
feet, and only in 6 years was.it less than 99,000 acre-feet.. In-9 years
it exceeded 200,000 acre-feet. Surplus water could be diverted from the
Big Wood River to recharge areas below Magic Reservoir; or from the
tributaries, Silver Creek a.nd I.:.ttle Wood River, to areas a.long the
margin of the. p:!a:l.n. - .o

Topographlc situat:x.on _

The Snake Plain aquifer is ch:.e:f:‘ly north of the Sna.ke R:wer and
most of the areas sultable for recharging also are north of the river.
Because of economlc considerations it probably is not feasible to use
pumps to ralse water to-a recharge site higher than the sowce.of the
water supply, or to construct long siphons or:to use pumps to cross &
broad depression to reach a recharge site.  If the water to be used for
recharging is to be transported by gravity, the potential recharge areas
are limited to lands lower in altitude then the highest practicable di—
version from Henrys Fork or the Snake River. Henrys Fork enters the .
Snake River at an altitude of about 4,800 feet (figure 3), and the o:nly
Practicable way in which to bring Water from the Snake River to the -
plain on the north side of the river system at & higher gltitude would :
be to divert wabter upstream on the Snake River through a cross canal to.
Henrys Fork. However, there would be sufficient flow in. Henrys Fork, .
during periods that surplus water was available for recharging, so that
a large part of the total could be taken from that river. .There are. .
feasible diversion points on Henrys Fork in the vicinity of St. Anthony
_at altitudes of about or slightly ebove 5,000 feet. . Thus.5,000 feet -
may be taken as the upper limit of any feasible recharge site. :
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. ~The. central part of the Snake River Plain is higher than the Tlanks. .
in the northeastern end of the plain the terra:.n Pelow 5,000 feet is
chlefly adjacent to the. Snake River and Henrys "Fork, and in the v:.cin:.ty
of Mud Isake and the mouths of - Birch Creek and L:Lt'ble Lost.River.

Fa:c'med lands generally a.re not su::table for recharge sn.tes because
the s0il. has too low a. permeabllity for adequate percolat:.on rates. - .
also , it doubtless would not be econdmically feasible to include more
than small incldental areas. of arsble land. The arable lands in the.
Snake River Plain are chiefly confined to a very :.rregular belt. adgacent
to Snake River on the southeast side of the pla.:l.n, and irregular areas
nest the -mouths of. maJor tributaries along the north flank of the pla:.n.
Thus s areas suitable as sites for artific:.al recharge in general are
bounded on one side by 'bopographic ‘contour lines beyond which it is not
practicable to conduct recharge water, and on the other side b;y' ara‘ble
lands which are neither suitable for, nor available as recharge sites.
The one exception are gravel .pits adjacent to Snake R:Lver An reaches
where the river is. a'bove the water table.

Water could be taken out of Henrys Fork at an altitude of sbout
5,000 feet upstream from St. Anthony and conveyed westward and northe
westward into a large area north of Hemer and Mud Iake. The canal re-
quired would be 30 or L0 miles long. e .

‘ A closer site which could be served by a canal of‘ the same general
alinement lies :umuedia'bely west of Plano. (see figure ZL'L) However.a -
broad sag in the topography would drop the canal about 20 or 30 feet .
below the 4,900 foot contour. The srea above the L »300-Ffoot contour thus
is medlately eliminated. The area below the 4 900—foot contour- extends
westward for many miles, passing south of Mud Iake. However a topographic
depression. extends northward from Roberts to Hamer (Followed- -generally

by the railroad). Topographic maps are not availdble for. that part of .
the area, but elevations along the railroad indicate that a.canal crOSs:Lng
the depression probably would do so at an altitude of not more than aboéut
4,840 feet, further limiting the recharge area. The site is described

in more detail . in a.nother _Section, of the report. S o .

The first. :E'easible downstream d:wers:.on s:Lte below the J'lJIlC‘thl‘l ‘of
Henrys Fork and Snake River is south of Roberts at an. al‘b:.tude of about
L, 750-55. - Although it would be ‘possible to divert. from +the Snake River
near Menan Buttes and carry the water north of Roberts, the added poten-
tial recharge areas pro‘ba’bly would not be worth the additional construc-
tion expense. Diverting at an elevation of about 11-,750 south of Roberts,
water could be transported to a potential recharge. site southwest of -
Idaho Falls. Another possible recharge site is northwest of Springf:l.eld.
Water could be brought to this site by constructing a canal from the
Ideho Falls site, and water might reach the site at an altitude of around
lL,T(.‘)O feet, Because of a considera‘ble drop in the rz.ver at Idaho Falls, .
and in the reach downstream to Firth , diversion canals downstream from
Idsho Falls could reach only a narrow s*brip adjacent to.the.Snake River.
The Shelley and Springfield si‘ues also are described. in more detail in
& later section of the report. _'. P ‘ , _ :
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Lerge unused areas underlain by basalt west of Aberdeen and north
of Ieke Welcott appear to-be suitable for recharging. However, as can-
be seen by study of river- and land-surface altitudes in figure 1,
canals to bring water to0 these areas would be impracticably long and
.expensive. Severel existing irrigetion canals divert water to the
plain from the reservoir (Iake Milner) above Milner Dam. ' Diversions
are st an elevation of about 4,130 feet: Surplus water could be dl- -
verted to areas suitable for recharge through existing canals., Diver-
sion +o this part of the plain at altitudes higher than 4,130 feet -
does not appear to be practicsble. There is s difference: in altitude
of only sbout 60 feet between Lake Milner and Lake Walcott which is 29
miles, airline, to the northeast. Diversions from ILake Walcott would
not reach any appreciebly different or better‘recharge area. The re-
chaxrge area north of Iake Milner is descri'bed :Ln more detail in a later
section of the report.

" Below Milner Dam the Sna.ke River flows in a deep canyon a.nd diver-
sion of water for recharge downstream from that point is impracticeble.

Water quality and temperature

The chemical quality of water used to recharge an aquifer may
affect the feasibility of the recharging operations. This is partic-
ularly true where the percentage of dissolved solids is large, or where
the recharge water is not chemlcally compa‘bible with the wa.ter in the '

aquifer.

Because the present recha.rge to the aquifer is almost entirely
from the same sources as the proposed artificial recharge, chemical
compatability does not appear to present any problem. Andlysis of
water from the Henrys Fork, Sna.ke ‘River, and 't:hree typical wells are

given in table 2.

* ‘Differences in temperature :pro'ba.'bly will have li'ttle effect on
compgtibility of the water. However, water for artificial recharge
will be available chiefly in late winter and spring months, and the
temperature of the water will be low, at times very Little sbove
freezing. Average monthly temperatires of water in the Snake River at’
the Heise gaging station in water year 1957 were as follows (°F):

Oct.. 46, Nov. 36, Dec. 33, Jan. 32, Feb. 3%, Mar. 35, Apr. 39, May 46,
June 53, July 56 Aug. 59, Sept. 56 Temperature data for Henrys Fork
‘are not a.va.ila'ble, but temperatures probably are nearly the same as for
the Snake River. Thus, recharge water generally will be at 'bempera-

© tures be'l:ween 32 and koo,

The temperature of the ground water is considera,bly wa.rmer,
'a.veraging about 54°-56°. The chief effect of the lower temperature of
the recharged water will be to decrease the coefficient of tranemissi-
bility. The coefficient of transmissibility is determined at the pre-
vailing temperature of the water in the aquifer, in this case about 55°.
At a temperature of 40° the coefficient would be T9 percent, and at a
temperature of 33°, the coefficient would be only 69 percent of the
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Teble 2.~=Chemical analyses of water from 2 rivems and 3 wells.

(Analyses 'by u. S. Geologlcal Survey. Chem:.cal A_ponstituents |
& in parts per million) :

7 : i'walf: Wﬂl‘?-Wﬂlf-
! Henrys : Snake 3 6N=-4OE- : 1S-32E- : 6S-17E-
: Fork ! River : 30bdl : 23chl 1 2abl
: near : . near 1 : City of 3 near -: City of
_ , : Rexburg : Heis : Rexburg @ VTa.bor' : S]a?sgqne
Dé%e:df coilection : 7-1&-59 : - '§_8;27;57 : 9210;5h ; 10-30-56
Tempei'a:ture (°r) : 72 . - : ".54 | : : '55 - : 56
Silica (S105) _:f”‘és_f\ P10 26 i o361 3
Tron (Fe) . ;23]: - . .0k O A
céleiﬁm (ca) ';' 19"'~§_,.;9 7:_ 53_'_: -36 | ': f 48
. Magnes:.um (Mg) : . 5.8‘_ : 11 : 16 ; 12 ' lh
Sodtum (Na.) F | 11 ‘ 10 | 8.3 ( 16
Potassium (X) .- 5_ 2.0 i 1.9 : 2.4 :: -E23 : 3.2
Bicezbonate (HCOz) P oor i1 i o3 P18 i om0
Sulfate (soy) P 7.#._: o 0 i 29 i 19
Chloride (1) P 5,0 T 6.5 T
Diséolvedm soiids : |
Residue : 168 : 219 : 232 _: -229‘;-}: 261.
;7 Caloulsted : 126 .i‘ Dooke :oesk. i o5
To'ta.i hérdneés as : | f . : | f .
'-'Cacoé ‘ ; TL 7:” 168 : 198 :-‘i39 :fﬁE“'177
Spec:t:f:’icConductance; .189 ; 362 ' : 39’4 : 358 K ; ’-LOMI &
(micromhos at 25°C)-_: 7 | -
CopE : % 6.9 ; 7.0:7.9 7.8 P B 1 8.0

_/ A% the He:l.se geging station, 'weigh'bed average fo:i' Wa'bér year 1957 .
(Whter Supply'Paper 1523, p. 430)
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coeffisfent at 55°. Probably the grestest effect of wWater tempeiat
tures will be in percolation from the surface to the Water table. Per~
colation may be only two-thirds as gréat when the-water is-nesr freezing,
as it would be at a temperature of 55° to 60 °, A pond capadity nearly
50 percent larger would be required for the water ai:_,;33°F'_ than would be
needed for water at 55°F, : '

' Recharge incidental to*i-rrige.tion- on the Snake River Plain

~ The hydrologic regimen of the Snake River Plain has been changed
very merkedly because of ilrrigation of lands on the plain. The dige -
charge of ground water in the Twin Falls~Bliss reach increased about )
2,500 c.f,s., and discharge in the Blackfoot-American Falls reach “pProb-
ably increased sbout 1,200 to 1,500 c.f.s. because of irrigation. This
increase in underflow and in discharge does not represent all the water
recharged to the Snake Plain aquifer by irrigation ; natural recharge
from Henrys Fork and Snake River has been reduced because flooding has -
virtually been eliminated.  Thus, recharge from irrigation probably is
more than half the total recharge, perhaps 4,500 to 5,000 c.fes., about
'3% million ‘acre-feet a year. This is recharge to the Snake Plain
dguifer; much additionsl water is recharged to, and discharged from - -
perched aquifers east of Idaho Falls, and in the Burley-Rupert (Minidoka)
area. B R H R : . i A B

- The annual recharge to the Snake Plain aquifer from irrigation
operations far exceeds the amount that could be added by artificial re-
charge. Thus, perhaps the best clue to the effects that the proposged- -
artificial recharge would have on the aguifer are the changes already
caused in the aguifer by recharge from irrigation, The effects of irri-
gation on the water table in two areas are described below. .

Aberdeen area

Irrigation diversions to the Snake River Plain upstream from the
Aberdeen area began before 1890. According to Simons (1953, p. 60-65)
the area irrigated exceeded 250,000 acres in 1900, and 355,000 acres in
1905. Not all the irrigated ares listed was in the Snake River Plain,
some was in headwaters aress upstream from the prlain. Probably about -
200,000 acres in I900, and 300,000 acres in 1905 were in the Snake River
Plain.” Practically no dats are available on actusl diversions for irri-
gation, but the information that is dvailsble indicates that diversions
Were considered to be excessive. Assuming an average diversion of 8
acre-feet per acre, diversions would have been about 1,600,000 acre~feet
in 1900 and 2,400,000 acre-feet in 1905. ‘Undoubtedly diversions of that
amount of water to lands adjacent to the Snske River had considersble
effect on the watér Table at an esrly date » and even though much of the
irrigated land was many milés upgradient from the Aberdeen area, the . .
water table probably had risen considerably before irrigation of the
Aberdeen tract began in sbout 1910, S ‘ s

Beginning with 1930, fairly complete records of diversions are
available, Diversions in the early 1930's averagei about 3,200,000
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acre-feet a year, by 1940 were averaging. sbout 3,600,000 acre—feet s
and by 1950 were exceeding 3 800 000 a.cre-feet o 3;':—.\:3.1'.i Lo

In 1960 fiore” than' h 300, OOO acre-feet of wa.ter was d:.verted for
irrigation of 432,000 acres of land in the Snike River basin above .
Americen Falls, ‘excluding the headwaters areas (Eagle; 1960). .'Pro'ba'bly
75 4o 80 percent of the amount diverted percolates. into the. ground a.nd
'beccnnes ‘ground wa:Eer, however not all this water: reached “the ‘Sngke ' - .
Plain aquifer, a substantial smount recharged perched aquifers and re-'
turned to the Snake River in upstream reaches. - Of every 10 acre-feet
diverted for irrigation, spproximately 3.5 acre~feet is consumed or
recharges perched aquifers, 2.5 acre-feet discharges into American
Falls Reservoir, and Y acre-feet continues westward in the aquifer to
discha.rge in the Milner-IBl:Lss reach.‘u i E T

Water diverted for a.rtificia.l reche.rge upstream from Amern.ca.n
Falls will not be consumed:by crops (minor smounts may eveporate) and
would be recha.rged_ directly into the aquifer, or into perched aquifers
vwhich would feed into the main aquifer, not into surface streams.
Therefore nearly all the weter diverted would become recharge and -
"~ roughly 40 percent of the water recha.rged by artificial means upgra.di-

-ent, from American Falls would return in the American Falls reach, and °
60 percent.-would rebturn in the Milner-Bliss reach. This ratlo holds
~only as a rough general rule, A larger proportion of mter'rébharged :

. in the near vicinity of the American Fa.lls discharge aresa. would ob- A
. viously return in 'tha"t reach. ;- 7 : : i :
, Although discharge of the aqu:Lfer in the Amerzl.can Falls reach is T
rele.ted to irriga.’c:l.on on the entire segment of the plain to the northe:
" east ’ the fluctuation of the- 'water table in the Aberdeen—Springfield
~area is closely related to diversions- of water for irrigation in the. .
inmediate area., Diversions to the A'berdeen ‘Canal and. hydrographs of 4

‘'wélls in the area are shown graph:.cally in figure 7. These curves

- clearly show that the recharge mound produced by irrigation moves out-

ward in the aguifer. -Well 4S<33E-~3cb2, within the irrigated abea,
responds within o few days. Water-level measurements are at oo g;rea.t_
an interval to fix the éxact time req_uired for their response 3. but
approximate travel times can be determined.’ Well 2S-32E-23bbl, -8 miles
from the edge of the irrigsted area) responds within 40°to'80 ‘days.

Well 18-30E-15bel, 19 miles from the margin’ of the irriga:ted a.rea,

responds after 75 to 100 days and well 2N-31E-35dcl a'bou:t: 22 miles awa.y
-responds a:f’ter 90 'to 105 days. .,,;; e N
. A total of 362,000 a.cre-feet of water was d:i.verted into the

A'berdeen Canal during the 1960 irrigation season of a‘bout 5—— months. -

Transmission losses, mostly to ground water, were 38% percent, or

nearly 140,000 acre-feet.  Of the 222,000 acre-feet delivered t6 the .

farmer, pro'ba.'bly about 2 acre-feet per-acre, - 100 ,000 acre-feet for L8 »500
acres in the project, wére consumed,' another 10,000 acre-feet was surfa.ce
waste, leaving sbout’ 110,000 ‘gcre-~feet addi‘tional Which percola:bed to
the water table. Total. recha.rge to the water table from. Airrigation thus
was about 250,000 acre-feet; for an average rate of sbout 45,000 acre-~
feet per month and the ma.ximnn ra’ce I d_ur:.ng June a.nd July, exceeded '
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20,000 acre-feet per month. This water was recharged over an area of
b ors townships. The seasonal rise in water levels ranged from about’
1 to 12 feet in 18 wells in the irrigated area and averaged nearly 5—%

Teet. S LT ) . o o " S

.-~ The rise in water level caused by recharge was 2.3 feet at well

25-32E-23bbl, 8 miles from the edge of the irrigated aréa; 1.3 feet 19
miles from the edge of the irrigated area; and 0.9 foot 22 miles from
the edge of the irrigated area. = ST Cow T

- Minidoks Project area -

Diversions of surface water to irrigate an area of sbout 12 by 15
miles in the Burley-Rupert area (fig. 1) (Minidoka Project) began in
about 1908. Diversions exceeded 450,000 acre-feet in 1910 (calendar
year), 660,000 in 1915, 730,000 in 1920 and 800,000 in 1930.  Diver- =
slons for the period 1945-60 are given in the following teble: - =

T Minidoks Capals
Year  North. ° South - -Total
P . Side ;/ Side -~ . -

- . Minidoka Canals ~ @'
Year - North.. -~ South - Total. .
' Side - - :8ide :

1953 434,000 353,000 787,000
1954 456,000 370,000 826,000
1955 426,000 356,000 782,000
-1956 460,000 380,000 840,000
1957 - 491,000 3kk 000 835,000
11958 528,000 365,000° 893,000
1959 506,000 353,000 ' 859,000
‘196,0 " 525,000 386,000 911,000

1945 - 432,000 - 319,000 © 751,000
1946 438,000 331,000 769,000
1947 451,000 347,000. 798,000
1948 .- 432,000 356,000 788,000
1949 439,000 - 352,000 + 791,000

1950 435,000 -371,000 806,000 -
1951~ 46k;000- 358,000 822,000
1952 - 469,000 - 386,000 - 855,000

S8 8¢ a8 26 40 42 -5s &5 o8 o6 Jes we. ae ] .

e N ) " SR - . X N A
y Ir;c':ludes ‘Minidoka North S:I.d'e"? pump canal, .1957-60_,' ;

Although diversions have veried from year to year » depending on aveila-
bility of water and irrigation requirements, there has been no signifi-
cant increase in @iversions sincde the 1920-30 period. A large part of
the surface water diverted percolates downward to the water table and -
recharges the main aquifer. Shallow aquifers are perched on clay and
511t strata in the vieinity ©of Burley and Rupert and these perched -agqui-
fers discharge, in part, into the Snake River within the reach. In
their analysis of recharge to and discharge from the Sneke Plain aquifer
Mundoxff and others (1960, p, 174) estimated that the aquifer ‘gained
sbout 400,000 acre-feet a Year in the reach of the river between Neeley
and Milner. Part of this gain is derived from underflow from the Reft
River basin, but a large part, perhaps ‘about 300,000 acre-feet & year is

- Gerived from downward percolstion of surface water diverted for irriga-

tlon. Actual percolation losses are considerably greater, probebly in -
.excess of 60 percent of the water diverted, or 450,000 to 500 ,000 acre-
feet a year. The difference between 300,000 and 450,000 to 500,000
represents water returned to the Snake River within the Neeley-Milner -

reach by perched aguifers. Increased recharge because of irrigation

.18 -
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after 1908 raised the water table considerably. The rise in water level
~ in the Tew wells for which information is available .ranged from sbout 40
to 195 Teet in the Minidoka Project area. (Mundorff and others 5. 1960,
p. 150.) Because irrigation developments in other parts of the: Snake
River Plain were in progress simultaneously with the Minidoka Project,
the "effects of the Minidoka Project cannot be isolated. Nevertheless;
it is apparent that irrigation in the Minidoke: area was an important .
factor in raising the water table an average estimated amount of.60 to
70.feet throughout that part of the Snake River Plain. Most of the risé

occurred before 1920, Occasional measurements of water level in various
wells in the area indicate that the water table did not «change more than
a few feet from the 1920's to 1950. Tt thus appears that diversion of
an average of 750,000 to 800,000 acre-feet of water is just sufficient
to meintain the water table about its present position, or stated con< -
versely, diversion of surface water over a period of 40 to 50 years has

been sufficiently uniform to stebilize the water,table within a rels- -

tively narrow range at a level estimated to be some 60 to 7O feet above -

the preirrigation level. .

7 'Since 1950 the grestest change in the hydrologic .regimen of the .
ares has been the drilling and use of a large number of wells for -irri-:
gation. Estimated ground~water pumpage and consumptive use.on the . . - .
north side of the Snake River in the Minidoka Project ares is given in .

the following table:

T Ground water e Ground water . ...
Year ©~ = Pumped Consumed. = Year . .  Pumped . Consumed . .

- (acre-feet) (acre-feet) @ - (acre-feet) (acre-feet): -
1951. . © 50,000 25,000 1956 - 200,000 .- 100,000 .
52 . (75,0000 . ."38,000 | 1957 . 240,000 .. 120,000 . |
1953 100,000 . 50,000 1958 - 300,000 . - - 150,000
195% * 135,000 7 68,000 1959 . 330,000 . 165,000 -
1955 160,000 " 80,000 1960 - . 365,000, 183,000 .-

Trrigation from grouid water is north and northwest of the area .
served with surface water, and i1s chiefly beyond the limits of.the + .. -
perched aquifers so that most of the water that is not consumed returns-
to the Snake Plain aguifer. B ' . e T

The effects of recharge from surface~water diversions, as.well as
the effects of withdrawals of. ground water, are shown very clearly by -
hydrographs of observation.wells. in the ares. . The hydrographs. of two.. - :
wells and cumulative departure from aversge monthly diversion of water
o the North Side Minidoka Canil for the period 1951-60 are shown in : .-
figure 8." Because ground-water withdrawal wag a relatively minor .. .,
amount for the first few years shown on the graph (1951-53), that part’
of the graph shows.most clearly the effects of surface~water diver- -
slons. Well 8S-24E-31dcl is immedistely adjacent to the area irri- . -
gated with surface water which lies to the south, and also to the area
irrigated with ground water which lies to the north. There was little
Or no lag between diversion of surface water and the change from a
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downward to an upward trend of the water level in the well. Well
8S-23E-2bal 1s- about 6 miles from the ares irrigated with surface water,
and theré is a lag of 3 to 31 months between diversion of surface water
and a rise -in the water table. Both wells showed a net rise during the
period 1951-53 which is attributed to above average diversions in 1950-
52. Diversions were down slightly in 1953, but the water table con-
tinued to rise, apparently because of some lag in recharge, perhaps
representing water in downward transit from perched aquifers. In 1954
the water level in both wells began a general downward trend upon which
is superimposed the annual recharge-discharge cycle. The same trends
are shown by more than a dozen other observation wells in the area.

- Recharge from irrigation occurs chiefly during the irrigation sea-
son (allowlng for some lag because of the time required for downward -
movement to the water teble, and some lag in leakage from perched aqui-
fers). Discharge is continuous. If there were no recharge from irri-
gation, ‘the water table would continue to decline, as shown by the
dotted line extending the dvawdown cycle for well 8S-24E-31dcl., By
drawing s perpendicular line from the highest point shown on the hydro-
graph (141.6 at the end of September, 1951 for example) o6 the extended
drawdown curve, the rise in the water table caused by irrigation is
found to be gbout 5.0 feet in 1951. “Actually, the rise would have been
somewhat more, but consumptive use of about 25,000 acre-feet of ground .
water in the adjoining ares reduced the rise. Assuming that consump-
tive use and return to the river through perched aquifers is relatively
conetant from year to year on the surface-water project, the relation
of these factors to the rise in the water table can-be expressed by .
the equation 8 ~C-G, = KR, where By 1s surface diversion in acre-feet,
C is the consumptive use, in acre-feet, on the tract irrigated with -
surface water, G, is ground water consumed on the ground-water tract,

K is acre~feet per foot of rise and R is the total rise in the water
table. C and X are unknown but can be determined graphically. If the
data from the preceding two tables and the hydrograph are used in this
equation and plotted, the data roughly define a straight line passing
through the points C = 500,000 at R = 0 (fig. 9). K is the slope of
‘the line and is about 60,000 acre-feet per foot. That is; of the
750,000 to 850,000 acre-feet of surface water diverted to the Minidoka
Project each year, roughly 500,000 acre-feet is consumed by ¢rops oxr

is returned to the river by perched aquifers, and the remainder,
250,000 to 350,000 acre-feet is recharged to the Snake Plain aquifer
(recharge of 300,000 acre-~feet a year was estimated by a different
method on page 18). S

To- sum up, irrigation in the Minidoka Project of some 12 by 15

‘miles results in an annual recharge of 250,000 to 350,000 acre-Teet.

This recharge, beginning in 1908 was a major factor, along with irri-
gatlon in other parts of the Snske River Plain, in raising the water
table perhaps 60 or TO feet. The position of the water table had :
stabllized after 10 or 15 years of irrigation so that there was little
net change:in the water table from the 1920's to 1950, The annual
recharge cycle is shown by a number of observation wells in the area .
for the period 1951-53 when withdrawal of ground water for irrigation
was relatively minor. Recharge of 250,000 to 350,000 acre~feet of
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vater results in a rise in the water level of 4.5 to 5 feet in well
85-2kE-31dcl (fig. 9) vhich is immediately adjacent to the irrigated
area. Well 85-23E-2bal 1s sbout 6 miles north of the project irri-
gated with surface water, and already in 1951, the water level in this
well was being affected by local ground-water withdrawsls. However,

it appears that the rise in the water level in this well that can be
a'btributed t0 the annual recharge from surface-weter irrigatlon is
roughly 2-:,_; to 3 feet. The lag between diversion of swrface water, and
the first change in wa'ber-level trend in 'bhe well -caused by diver-
slons, 1is about 3 to 32 months. .

More distant observation wells also show the effects of annual re-
charge from irrigation in the Minidoks Project area. All of these ob~
servation wells are farther north, so that they are nearer the area of
ground-water pumping than they are to the suwrface-water area. Thus the
rise caused by diversion of surface water is partially offset and ob=- .
scured by the decline caused by ground-water withdrawals, especially
since. 1954k, Hydrogrephs of 3 of these wells are shown in figure 10.
_Dlstances from the mergin of tract irrigated with surface water. and. the
time required for the effects of surface-water diversion: to reach each
well, for these three wells and the two shown in figure 8 are. given in
the following table:

Distance from Time required for effects
" Well No _ margin of Minidoka - .. . of recharge from sur-
Abaad A .Project area -~ . .. face water . -
(miles) . (emys)
85~2hE-31dc1 o 5 T S
85-23E- - 2bal 6 . gew00-
7S-2hE. 221 10 . 100
55-23B-1Tcal 20 . 150
ho-2hB 66bI . . . 29. .77 i16oeito
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Fea.sn.bllrby of recha.rge in selected. areas -

'In a previous section of the report :l.t was shown that’ la.rge areas of
the Snake River Plain were eliminated from’ consldera:bion as potentia.l
recharge sites because of unfavorable’ topographic situa.tion, excessive
distance from a’ suitable wa,ter source, o'r nonavallability of a sa:b:.sfactory
surface’ site. : A

Several genera.lly favora.ble areas remained a.nd these are descr:r_bed
in more detail in this section. :

: Roberts-Pla.no a.rea.

‘The Roberts-Pla.no area ext:encls westward from the Eg:i.n Bench in 'l:.he
vieinity of Plano to the v:.c:.nity of Roberts (fig. 11)

More than half ‘the area included on the map is eliminated from con-
sid.era.tion for recharge by water spreading because it is occupied by farms
and other developments. Much of the rest of- the area is public domain
used only for cattle grazing. '

Geolog:l.c features

Almost all the area. 'is underlain by basaltic lava Flows of - the Snake
River Group. The only exception is some smsll areas of silicic volcanic
rocks north of Egin Lakes and southeast of Rexburg.. Both of these are at
too high an altitude to be considered for recharging. ‘

In the southeastern part of the area the basalt is overlain by chan-
nel, flood plain, and alluvial fan deposits from Henrys Fork, and the
Teton and Snake Rivers. The deposits are chiefly coarse sa.nd a.nd g,ra.vel,
but include some fine sand and silt.

The thickness of these alluvial deposits varies greatly. A few
buttes protrude through them, including Menan Buttes and Lewisville Knolls.
Elsewhere the thickness ranges from a few to more than 260 feet, e.ccord.:mg
to the few available well logs.. . e e : e

Basalt is at the surface or is mantled by thin windblown deposits in
the northwestern three-fifths of the area shown on the map. Low domes
mark several centers of extrusion. The most important of these are Little
Grassy Butte, about 8 miles west of Plano, and Roberts Butte, sbout 10
miles northwest of Roberts. According to P. R. Stevens (personal communi-
cation) who mapped the 16 townships T. 5-8 N., R. 35-38 E. in connection
with another project, the lava flows from Roberts Butte » and west of
Roberts are the oldest exposed in the area. The lavas from Little Grassy
Butte, those north of Mud Lake, and those north of Little Grassy Butte,
are the youngest. All the surficial basalts in this area are believed to
be of Pleistocene age. Some of the earlier flows, not exposed, but pene-
trated by wells, may possibly be as old as Pliocene age.
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... The. lava flows are characteristicelly medium gray to bla.ck, olivine
basa.lt P comon.'l.y open-textured or. ves:n.eula.r. The flow. surfa.ces are .very
rough and irregular , with many’ collapse features and’ préssure ridges.
< Collapse features range from. bowl~shaped depress:.ons a few yaris in dism-
.eter to- very irregula.r interconnected depress:l.ons hundreds of * ya.rds ACTOSS.
' The na.ture OFf the su.rfa.ce of the basal'b is _shown .in the figu.res 12a and
12b.;.These- photos show many but by no means all of ‘dirferént. types. o:E
surficia.l :E‘ea.tu.res that are of signifn.ca.nce in spread.ing o:E' ‘wa.’cer for
recha.rge. ‘ e, N .

'Wmdblewn sand and silt ma.ntle’ the“basél“t :bhx‘oulghout the a:rea;; A
ma,jor source .for thesé materia.ls is to the west,. in thé Mrd Tske .area,
.and, snother source is to ‘the southwest , in the vicinlty of Roberts.: Winds
from the west- southwes’c have spread a 'bla.nket ra.nging in th:l..ckness from a
few inches to perhaps 20 feet. The depos:.ts ‘are’ somewha:b thicker’ on the
~north:and northeast flanks of Little Grassy Butte 'l:ha.n 'they are on 'l:.he
south a.nd southwest flanks. ;-

A stratum of sand and gravel is encountered benea.th the. ba.sa.lt at an
altitude of. about 4,800 feet east. of Grassy Butte. . The Tew Wel‘_l. logs
a.vaila‘ble suggest tha.t this stra.tum me.y continue: through the area’ beneath
' Grassy Butte into the, Ma.rket Lake area (fig. 13).  In the vicinity of
Mf.l':;'ket La.ke the ba.salt is. interbed.ded W:Lth lake. a.nd. playa. d.eposits (fi.g.

- Ground-wa.ter features _ 7
- ’I'he ma.iu a.quifer is ba.sa.lt and. a.lluv:.um of* the Sna.ke Pla.;l.n aquifer,
genera.lly at a de;pth of 50 to several humndred- feet below land surf_ace. .
The -water table ranges from a few.to sbout 120 feet. below the land surface.
Perched. a.qu:.fers have. developed in irrigated ea.sﬁalong the. Henrys g‘ork

downstream from St.r,Anthony a.nﬁ.@;t;hen Tepoaniv(e’fp owngtrean in-om'i: Teton,,

agis b et .Jq)& R M P Y

riung add o ayuadoet al Fitepsd leips So od Bluow rie.vf«
The perched aquifers are recha.rged by percolation from canals and
irrigated ;b;acts._é JB v Delausoo sovs o omold To dmow aslim wol A

b zawb siifd . Wil 3 G preefosd G0t Doay ad Hluoo ‘_JT\]JEI ‘Cu?b.\ft} \).-L.J JJ;I'
nris w_;{'he perched aguifers discharge;in part into,Henrys gg‘orkfgndé e e

T S PR T T [l
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rf):r ek onmedmos s osdiw 000,085 04 o olsce g J*' al eldsflsva gqom shoigsan
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the v:.c:mrty of Roberts and Mud Leke and.these deposits, a.ppa.rently form
+& partial-barrier.bo westward.movement of.ground.water. oEast:of;the
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barrier zone there are a number of different water tables in basalt flows
from the west that :Lnterﬁ.naer with :E‘ine-grained Il.a.ke deposi'bs to the
east .

The total underflcw'thrcugh the area 1s large. 'Gn the basis of' data
through the period 1920-28, Stearns amd others (1938, p. 203) -concluded
that underflow away from the Egln Bench miglit bBe about 280,000 acre-feet
a year. In a later study Mundorff and-others (1960, p. 169) computed re-
charge to the aquifer upstream from Firth to be about 2,500,000: acre~feet
per year. Thelr flow-net map (figure 3 of thls report) shews sn under-
flow of &bout 1,000 c.f.s8., 725,000 acre-feet per year, through ‘the )
aquifer between Hamer and Roberts, a distance of about 15 miles: That -
amount of undérflow occurs under & hydra.ulic gradient of abmt 5 feet per
mile between the Egin Bench and. the 'bmier zone.,

Sourde of water and topographic factors

: Surplus flood weter fram Henrys Ferk could be diverted near St.
Anthony at an altitude of sbout 5,000 feet. - Althaugh this 15 not the
highest possible diversion peint, diversions at higher altitudes would be
somewhat less desirable because of less favorable topographic and other’
factors relating to diversion structures and canal alignment.’ Also, it
appears that: little advantage could be gained by diverting at higher points.
Therefore, for this study, it is assumed that the maximmm altitude which
could be reached by rechsrge water is 5,000 feet. The area above 5,000
feet north of St. Anthony and Plane is shown on fig. 11. As can be seen
from this map, a canal diverting gt 5,000 feet near St. Anthony could
convey water westward to an ares west of Plano and Egin Lakes. Following

approximately along the 5,000-foot contour, water theoretically could be
' conveyed westward and then nerthward to eventually reach an area west of
Camas and north of Mud Lake. Hewever, this would be a very lengthy route

and ample recharge area apparently is available which is much nearer ‘and
which would be of equa.l benefit in recharge of the a.quifer.

: A few miles west of ZE'lane an ares eccupied by a w:ld.e +» low lava dome
(Little Grassy Butte) could be used for recharge. However, this dome is
entirely surrounded by a sag in the tepography. ‘Detailed topographic ma.pa
at a scale of 1:24,000 are available for the area east of longitude 112°00°',
but west of that longitude, and nerth ¢f latitude 43°45' ‘the only topo-
graphic map avallable is at e scale of 1:250,000 with a contour interval
of 100 feet. Study of the available topographic map, air photos and field
observation indicates that the maximum altitude-by which a gravity canal

- could reach the lava dome is about 4,870 feet. Thus the part of the dome
above that altitude 1s eliminated. The approximate location of the 4870~
foot contour :l.s shown on figure 11,

However, -an area of roughly 100 square mﬂes rana.ins around the peri—
phery of the d.cme to which water cmzld be conveyed by gra.v:!.ty. '

West of the railroad beftween Roberts and Hamert a.nether la.rge ami:ezs

largely public domain appesrs sulitable fer recharge operations. However 3
a sag in the topography, fellowed by the railroad, separates this area

2k



Figure 12a.--Basalt surface on north slope of Little

Grassy Butte, T. 7 N., R. 38 E.,
section 31.

Figure 12b.--Close-up view of basalt in pressure ridge .
in same area as 12a.

(Courtesy U. S. Bureau of Reclamation)




from the one to the east. Altitudes determined by.the U. 8. Coast and
Geodetic Survey along the railroad indicate that a gravity canal probably
‘could not cross this sag at an altitude-above %,830-or 4,840 feet . “The-
_approximate location of. the L, 840 foot contour is shown on the ma.p y n
"flgure 11. 3 . : S

Recharge experiments

Two recharge experiments were conducted in the Roberts-Plano area -
in 1961 by the U. S. Bureau of Reclamation and the Geologicel Survey.

" Egin Lakes seepage study

Water is discharged into Egin Iakes from the Iast Chance Canal by -
the Fremont-Madison Irrigation District to aid in sublrrlgation of , the
district. The lakes consist of & series of shallow ponds, ‘in part’
separated by dikes and levees (fig. 15). U, S. Bureau. of Reclamation
persomnel installed gages and other facilities for measuring pond eleva-
tions, inflow, outflow, and flow between ponds. They also Jbored 214- auger
holes adjacent to the ponds. Surficisl materials are light brown to gray,
fine- to medium-grained sand; at a few places a little gravel was encoun-
tered Just above the basalt. All holes except one bottomed on’ rock, pre-
sumed to be the. surface of the uppermost basalt flow.. Pertinent deta on
these suger holes are given in the table dén the following page.

Most of the seepage loss was in the tvfe"'la.rg'eéi‘; 'ﬁdn'd.s ,"‘label"ed AN
and "B" on figure 15. The ponds are connected by a broad chammel so that
the water surface in both ponds is essentially the samé. The area of
these two ponds-on April 20 and June 7 was determined with the aid of air
photos. The ponded area for other times during the test was extrapolated
or interpolat_ed from those two mea._surements on th_e ha.s;.s of pond eleva'b:_l.pn.

" Inflow to the Egin Lakes erea was measured at station M5 (fig. 15),.
and the discharge between small ponded areas and broadened Segments of.
the channel was measured at stations M4 and M3. Inflow to ponds "A" and
"B" was measured at M2 and outflow at ML. Seépage losses in the charmel’
a.nd. small ponds between M5 and M?, and seepage losses from ponds "A" and,

"B" are summarized in table 4. Average daily seepage 1oss in the two
laxrger ponds wa.s sln.ghtly more than 0.25 acref-foo't‘ per_: a.cre.‘ e

In most auger holes the highest water levels measured were.those
made upon completion of the hole, or shortly thereafter. Hyd.rogra.phs of
some of the auger holes, and the pond level in ponds A and B are shown ,
in figure 16. The relation of pond level and the perched water table is
clearly shown. The slope of the perched water te.ble a.way from the ponds
is shown by the profiles in figures 17, 18 and 19.-

The profiles suggest that ‘there was sbnie'per‘c'hiri'g' by silt in the pond
bottom, end that below the pond a perched aguifer had.developed, probably
upon the basalt surface. The underlying basalt surface is irregular, snd
apparently ch.a.nnels 'I:he movement of water :.n preferred dlrectlons.’
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Table 3.--Auger holes in the Egin leke recharge test area

Auger Altitude of

Altitude

Cased to 16.8',
gawed below

Date of - Depth - ‘ &
hole Iend  Water  measurement of well %:gg?%d of basslt Remarks
no. surface level 1961 (feet) surface L
4,883.21 dry - r :,'18.9 . Yes  L4,864.3

2 4,88L.77 4,817 kA 169 yes  b,86h9
3 L4,881.01 4,875.1 kA 14,0 yes  1,867.1
b b,801.30 4,879.90 bk 64 yes  b,87h.9
5 4,881.87 4,879.37 bk 5.6 yes 14,8763
6 14,883.48 ay @ - 3.3 yes k8802
T 88449 486850 ki 22.8 °  yes  b,861.7
8 4,883.27 L,872.87 kb 1T.k yes 8659
9 h;882.91"'ﬁ,878.9; bl 1T yes j'h,865.8‘:'. .
10 1,883,03 4,880.73 M4 12,9 .  yes ~h,867.8
11 4,883,02 L,B75.42 L 1#.8 ~ yes  h,868.2
12 4,884.03 dry - 1.8 yes - L8@2
13 4,881.50 dry - 23.8 yes  k,857.7
1 4,880.32 L,866.99 bL-11 34,0 yes L,846.3
15 14,880.38 4,874.36 L-1 38.3  yes L,8k2.1
16  4,880.00 4,876.57 k-11 _22;8 . yes . 'h,857;2
17 4,880.15 4,874.20 41 22,3 yes  k,857.9
18  14,882.51 L4,863.87 L4-11 22,2 yes " 1,860.3
19 4,881.92 4,873.16 b1 264~ yes  h,855.5
20 4,880.75 lh,876.93'  b1 173 no ';ﬁ;863;5 |
21 4,880.01 L4,876.57 L-11 - k9.9 yes  4,830.1
22 4,880.35 L,87h.37 k11 3;,5' yes 1,848.9
‘23 14,880.35 4,874.38 L1l 1303 yes . b,850.1
ok L4,882.47 L4,872.53  3-11 © 23.5 yes  4,857.9

26



A -"'} y -..._,.-"-/!,
J i
i R \
) s .,.-""‘. A ¥ '.w“".
;"' \ !_,f D )‘\.,- (5;) — Water sgrfacre; _2196,lﬂ ~—Water surface April 20,1961
e ); o i 'I.Hle =’
Al ' ,/" \ I
G- e Bapgsrmerie®
¥ . o {‘Q . i

. S g ) _ ',:_."'f ) +
~ ,w’ v, Auger hole 24

uger hole 22.g+Auger hole 23 &
g b 22t d
A RNTAY Auger hole 18
i LT f Auger hole 17
POND AW N Auger hole 16
A SN e AN : ‘ .
St N e R e Auger hole 6 M5=1.65 mile
. - —:_ ........... 3 Jp— {,:3 - -»"'*. o Auger hole 5 nogheast of
{ ‘ et oa_ Nt Ve
i :}, Auger hole 21 (:”““"'/ L"‘:”Auger hole & Auger hole 12 ZEES
N . Auger hole 15 (P2 . Auger hole 11 Y;_Aﬂger hole 107~
Auger hole 20 er hole Ly, Al “~ T »--:Eh:;_,__‘ -ty
Auger hole 15 Auger hole 13 | H“'"""""""‘\Héﬁ et g

‘E\A

O N N uger hole 9
Auger hole BjZ;;? E \\Aug;;rﬁ;i;géhziuger hole 7
Auger hole 2 ] ySection 2

Auger hole Y ==’

Section 10+ Section 11

0 LOO 800 1200 feet
———'gcale

Figure 15,--Map showing Egin Lakes seepage-study area.
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A composite sample was taken from each of the 24 auger holes for
laboratory determination of permeability. The coefficients of permea-
bility 1/ ranged fram 2 to 240, and averaged 87. One-half the samples
were between 10 and 160. ,

A uniform sand with a permeability of 87 would transmit about 10
acre-feet per acre per day by vertical percolstion, from a ponding area
if there were mno perching layers below. The actual rate of seepage was
only 2.5 percent of that rate, and the difference can be attributed to 3
different factors. (1) The temperature of the water was considerably
below 60° F., probably about 40° to 45°, and the permesbility to water
of that temperature would be about 20 percent less than at 60° F. (2)
Silt in the bottom of the pond apparently reduced the permeability of the
top few inches of material. (3) The water was perched at the contdet of
the sand with the basalt. Cracks and crevices in the basalt are capable
of taking large gquentities of water, however, they comprise only a small
percentage of the surface srea of the basalt. Where sand has filled
these crevices, the permeability is tlmt of the sand f£illing. If, for
example, the cracks and crevices comprise 5 percent of the ares at the
top of a flow overlain by sand, then obviously the permeability of the
contact zone is only a small fraction of the permea‘b:l.llty of en.ther unit
by itself. ‘ ‘

TW-12 pump-recharge test

A recharge test was made in an area west of the Egin Lakes in May
and June, 1961. Water was pumped from well TN-38E-23dbl (TW-12) into a
group of shallow depressions north of the well (fig. 20). A low dike was
built across a sag to prevent the water from spreading too far to the
north, and to keep the pond to reasonable dimensions. - :

The basalt in this area is covered by several fe'et" of fine-grained
compact sand. A power auger was used to bore 15 test holes to obtain
information on the thickness of overburden; and 12 additional holes were
bored and cased with downspout for use as observation wells as the pond
filled. After the test began it was found that additionslauger holes
were needed so auger holes 13-21 were bored by hand. Information on the
test and suger holes is sumarized in table 5. A composite sample was
taken from each of auger holes 1-12 (except 10) and test holes 1-3; for
laboratory determination of the coefficient of permeability. Permeabilities
of the 14 samples ranged from 8 to 140 and averaged 87, the same as in the
Egin Lakes area. Only 2 samples had permeabilities of less 'than 50.

Well TN-38E-23dbl, which furnished the water for the test, is 236
feet deep and obtains water from basalt between 165 and 231 feet (see
Section A-A', fig. 13). This aquifer is separated from the uppermost

1/ The coefficient of permeability (Pm) is defined as the quantity of
water, in gallons per day, that will flow through a section of aguifer
1 foot sguare under unit hydraulic gradient (1 foot per foot) at 60° F.
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basalt by 125 feet of silty sand and gravel. Well TN-38E-23db2, 30 feet
east, is 84 feet deep, and ends in the sand and gravel strata. Observa-
~tions. on .the water levels in the two aquifers indicate that they are poorly
;interconnected., a.nd thet water in the sa.nd and gra.vel is- perched.

o ‘I'he production well, 23dbl, we.s. pumped a:t 8 rate of 2, 1&00 to 2 600 :
. §ePem.  Pumping began May 16, -but because of engine trouble ) pumping time

o+ totaled only 137 hours for 'bhe_ first 10 d.a.y_s -of the; test. Thereafter, -
. - pumping went somewhat better and total pumping time amounted to 673 hours

between May 16 and June 21.  During that périod a total of 317 e.cre-feet
of wa.ter was pumped.. Da.ta. a.re sumarized in ta.ble 6.

The average thickness of sand overburden in the 27 test and suger
holes which reached basalt was 6.5 feet. -The average thickness .of over-
burden in the L holes reaching basalt within the area actually ponded was
. [«5 feet. Generally, the greatest thickness of overburden is found in the
bottoms of the depressions, basalt is exposed at many places at higher:
points, at places with geping cracks. It is probable that as the pond -
.filled, the seepage rate should increase, and if the water reached open
cracks and crevices in the basalt, seepage losses into these might be. many
times greater than through sandy and silty.overburden. :

Water-level mea.suremen‘bs in ‘the suger holes, illustra.ted in part by
the profiles in figure 21, indicate that a perched water table developed
on top of the basalt. However, the perched aguifer was never very much
la.rger than the pond., .and the. margins of - the perched. a.quifer were: steep.

]

During the recharge test 3 a water-level recorder was in opera.tion on

- ,,well TN-38E-23db2, which- ends in the perched aguifer in.send and gravel

between the two basalt flows. The water level in this well rose (fig. 22),
.begiming the day that the test began, and virtually ceased to rise the
day pumping ended (fig. 22). . This water table was about 30:feet-below the
shallow perched water table that developed beneath the pond. The rise in
the lower perched water table is believed not to be related to-seepage from
the pond, but to some other cause, perhaps loading of the pond, or to a
general water«table rise caused by scme other factor. . There-are two
reasons for this belief. First, the rise ended the {day pumping ceased,
yet seepage from the pond continued at nearly the same rate for a week
dlonger. Second, the aquifer supplying the water for the.recharge experi-
ment also .rose .during the pumping period, and by an approximately similar
amount (see fig. 23). Several measurements of the static level were made
in the pumped well, TN-38E-23dbl at times when the pump was off during
the test period; also, a water-level recorder was operated on well TN-38E-
23dh3, whn.ch is in the same aqulfer ’ 300 fee‘t from ‘bhe pu.mped well. .
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~-The seepage rates from the recharge experiments indicate that large

areas would be required for recharging if only the bottoms of -the “depres-

sions are utilized. For example, with a seepage rate of 0.25 acre-foot

per acre per day, 4,000:acres would be reguired for recharging 1,000 acre-
‘feet per day. However, &s the water fills and: overtops these depressions

to spill from one to the other, open-cracks and crevices in the basalt will .
"“Purnish avenues for recharge at rates manyfold greater. Several methods of

“improving the intake a.re d.escribed :Ln a later section of the report.

" Considering the size of the area available for recha.rge s 8nd the large
N,‘qua.ntit:.es of water recharged from :I.rriga.tion in nearby areas. much less

“favorable for re’c‘herge yritds A reasonable conclusiOn tha.t artiflcm re—
cha.rge in thig" e.rea would B’e"*successml -

"

TRTHILLAR LT, Rna s e

Proba.ble effects of lerge-scale ar'bif:.cn.a.l reche.rge in the area -

Spec:.fica.lly, the question is: What wil_'L be the changes in the hydro-
logic regimen if a certain quantity of water is added to the agquifer in
this area? The effects of rechasrge c¢an be evaluated by two basically
different methods. These are: (1) analysis of the effects of presently
occurring recharge, from streams and irrigation; and (2) theoretical an-
alysis based on assumed coeff:l.clents of transmissibility and storage, and
boundary cond.:.t:.ons.

: In a previous section of the report it- was estimated that about -
725 000 acre~feet of water was recharged to the aguifer each year by
‘percolstion loss from the streams and from irrigation. Recharge from =
the streams is a continuous process, but recharge from irrigation is a

"~ cyeclic process that accounts -for perhaps 300,000 to 400,000 acre-feet of
the total annual recharge in the area. The effect of this cyclic recharge
-is shown by the hydrograph of well TN-38E-23dbl (TW-12) (fig. 23) which
is a few miles west of the irrigated area. Annual cyclic fluctuation in
this well is about 4 feet. However, if rechsrge had not occurred, the
water table would have continued to decline, as shown by the dashed line
in figure 23. That is, recharge of 300,000 to L00,000 acre-feet. over an
area of 3 or 4 townships (120-150 square miles) during the wrigatlon :
season results in a rise in the main water table of e.bout 6 feet. in a-
well -a few miles from the edge o:E' “the - :.rr:.gated area.. ‘

,/ Periodic measurements ma,d.e on observa.tion wells farther to the west
- are :.nsuff:.cn.ent_.to edequa.tely define the sprea.d of . the w

-In the:l.r report on ground water for irrigation in the Sna.ke River
be.si.n, Mundorff and others (1960, p. 189) estimated that pumping 112,500
g.p.m. from 50 wells (about 250 o.f.s.) in the Roberts-FPlano area would
lower the water table about 3.5 to 4.5 in individusl wells at the end of
one season's pumping (122°days). Drawdown at a point 2 or 3 miles from
the line of wells would be on the order of 3 feet. Buildup of the water
table by recharge of 250 c.f.s. for 122 days would be the same smount, about’
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" Table S.Q-Test and auger holes in the TW-12 recharge test ‘é.rea" :

Test .  Tesv _ _ Test. . . ..
hole  Depth to: ~hole - Depth to. =~ hole' : Depth to ; -
no. =~ rockl/- “mo. - :: rockl/ . aAo. ° rTocklf - s

1 a1 6 - ko 1 23

el L6 1T 33 12 Cse
2.3 8. 8.6 13 3.0

Vi W

- Altitude of : Auger Depth  Altitude of
_ Land - Basalt :-. hole ... of .- o lamd -
= Burface . -  :. mno. - Hole ..: ._surface -

Auger VT
Depth to
hole rock 1/

6.4 L 'L,Bh9,23? 13 30 {fh,she.éh ;

9.6 - hBRE0 ¢ b v b0 hGHOS
7.6 ieuo.eh C + 15 s 86,62

5.6 BBSML . i 16 har o b8ks.a0
9.6 | hBs2.51  + 17 o 2.8 ; u;éua,ig T
12.7 .L,Bso.lé L8 4,3; F 4,8&6.91 :
fé,s :1' “ -#,8&9.11_7,-‘ ‘i; 19 _; 6.5+ jf4;842.36 ‘ 
567 ngss0 i 2o 5.0 t"_u,su‘su.ia

W oo 1 60w F W oo -
O
o

5.3 E,849.75 i 21 6.5 i l+,846.83

=
(o

T3 . h,8u8.51
7.2 %,849,37
12 N -5,6 4,848.62

|
=

l./ All test holes ’ “and auger holes 1-12 Bottomed on basalt.
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3 feet, assuming the same hydra.ulic factors. Buildup for a recharge rate
of 500 c.f.s. would be double the amount for 250 Cofese

- The Snake Plain aquifer discharges into the American Falls Reservomr
rea.ch and the Hagerman Va.lley reach, as described earlier in the. report.
Flowlines on figure 3 indicate that, of the total underflow in the sect:.on
at right a.ngles to the. flowlines between Bla.ckfoot and Arco, about 20 per-
cent discharges into 'bhe Ameritan Falls Reservoir reach:'and 60 percent - _
into the Hagerman Valley reach. . Therefore, , about L0 percent of the wa.ter
recharged in the Roberts-Plano ares probably would be tributary to the _
American Fells Reservoir reach and 60 percen’c would. be tributa.ry to the *
Hagema.n Valley reach. '

. The rate at which the rec};a.rge mound spreads ; and the time-distribution
of the increased discharge into the American Falls Reservoir reach is of
considerable importance. A mathemstical analysis cen be made, by a.ss:n.gn:mg
average values for the coefficients of tra,nsmissn.bility and storage, and
meking some. simplifying assumptions regerding boundaries. The boundaries
shown on figure 3 are too complex for solution. They can be approximated
by disregarding the boundsry between Hamer and Idaho Falls, and shifting
the remaining. boundaries to form a rectangle with straight-line negative
boundaries on the northwest, southeast, and northeast, and one positive
boundary, representing the. American Falls discharge area, to the southwest.
Solution with even this simplified set of boundaries is very tedious and
requires a.,grea.t*amount_of time. Theoretically, an J_.nfinite series of
image wells are required; actually with the configuration assumed, 19 image
wells suffice within the time limits used. However, with the simplified
boundaries, and 19 image wells, the time required for a solution was still
too gregat, so the problem was further simplified. The negative boundaries
were disregarded, and only one image well was used, reflected across an
assumed straight-line positive boundary crossing the flowlines at about the
upper end of American Falls Reservoir. With this assumption a graph,
figure 24, was constructed .showing the time-distribution in head changes
in the aquifer at a point 5 miles upgradient from the positive boundary.
Assuming that the changes in head are in direct ra.t:u.o to changes in under=-
flow, the area under the curve represents the total ga.in in underflow, at
the point, caused by addition of e specific quantity of water in the Robherts-
Plano area and the percentage of gain in underflow can be determined for each
year. The curve was constructed by assuming continuous addition of 100,000
g.p.m. for a period of six months; however, the rate of d.ischa.rge does not
affect the percentage distribution of the gain in discharge. |

Use of only the positive boundary, and disregarding the 3 negative
bounderies, may be justified by the following liné of reasoning. The
magnitude of the "wave" of recharge is greatly affected by the negative
boundaries, but the rate of spread of the recharge mound toward the posi-
tive boundary would not be. As g check, several points were computed
using the 19-image well array. These points plobtted above, » but generally
perallel to the curve in figure 24. The curve was-used'in constructing -
the table on the following page which can be used to determine the gain. -
in discharge in any year, caused by recharge of a specific quantity of
water.
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Table '7.--Increased inflow to American Falls Reéeivoir reach
' caused by recharge in the Roberts-Plano area i/
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The table shows that, if & certain amount of water were recharged
to the aquifer west of Plano during a single season, the entire effects
would be dissipated in about 20- years, with the rate of dissipation, in
the American Falls ares being 0% in the first year, 12% in the .second;
15% in the -third, and -so on. With five successive seasons of recharge,
the amount of recharge heing the same -each year, the rate of dissipation
of the annusl addition of this recharge would be O percent in the first
‘year, 12 in the second, 27 in the thn.rd. 40 in the fourth, and B0 Cn.

Although, beca.use of 'l:he s:mpllfylng assumptlons made 2 the curve
and tabular data may be in considerable error, they do give a general
indication of the time-dlstrlbutlon of return to American Fa.lls Reservoir.

The above discussion should not he ’ca.ken to.mean that’ the only ‘bene-
fit would. be increase in discharge into the American Falls Reservoir and
Hagerman Valley reaches of Snake River. In the process, the water table
would be maintained at higher levels. . For example, recharge of 1,000,000
acre-feet of water would maintain the water table at an altitude which
would have resulted if pumping had been 2,000,000 acre-feet less (assum:l.ng
1,000,000 consumptive use). Or, recharge of 1,000 »000 scre~feet would .
;perm:Lt pumping of 2,000,000 acre-feet more vater s without any additional
drawdown. Thus, 'bhe benef:.ts would be partly in the incressed d.:.scharge
into American Falls Reservo:.r , and ;pa.rtly in the ma:.ntena.nce of higher
water levels. ; o .

Ida.ho Fa.lls area.

The Ida.ho Falls ba.salt recharge area extends west a.nd southwest
from Idaho Falls (fig. 25). The area which might be suitable for re-
charge by spreading forms an. irregular, discontinuous strip a few miles
wide trending southwestward beginmning a few miles southwest of Idaho
Falls. This strip is bounded on the southeast by fully occupied and
developed lands, and on the northwest by lands too high to be reached by
any feasible gravity 'diversion of surface water for recharge. However,
within the strip remaining are many square m::.les tha.t a.ppa.rently are .
id.ea.lly suited for a.r'blf:.c:l.al recha.rge. .

"In. addit:.on to recha.rge poss:.bllit:l.es in the ba.salt 3 gravel dePOSits
a.dgacent to the Snake River cou_'l.d. be used for recha.rglng '

GeOlOgZLC features

Except for the southea.stern corner s the ent:.re ares is . underlain
by basalt of the Snake River Group and alluvial deposits which together
comprise the Snake Plain aquifer. The southeastern .corner, southeast of
alluvial valley of the Sneke River, is underlain by a variled assemblage
of older volecanic rocks, whose only significance in this Investigation
is thet they have a much lower permeability than that of the Snake Plain
aquifer, and therefore form a negative hydrasulic or barrier boundary.
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Alluvial deposits about 40 to 130 feet thick overlie the basalt of
the Snake River Group in a strip 5 to 10 miles wide along the Snake River.
Basalt is exposed only st & few places in this strip, where the Snake
River has cut through the alluvium into underlying knobs or ridges of
basalt as at Idaho Falls and Woodville. Southwest of Moreland, on a
terrace parallel to the Snake River, alluvial sand and gravel fill de-
pressions in what must have been a very irregular basalt surface. Gen-
erally the sand and gravel is not more than a few tens of feet thick and
is of limited extent. Basalt crops through at many places.

Basalt overlain by varying amounts of windblown silt and playa
deposits occupies the northwestern half to two~-thirds of the area. The
exposed basalt flows were extruded during many different periods of vol~
canism, probably all in the Quaternary Period. In general, the oldest
flows have the greatest thickness of overburden and the youngest have
the least. For this study, however, age is relstively unimportant of
itself, and the lavas have been separated into four groups on the basis
of thickness and continuity of overburden. Basalt shown on the map with
the symbol Qby is overlain by moderately thick (5 to 15 feet) and con-
tinuous deposits of silt and is farmed at many places. Units shown as
Qb3, Qb2, and Qb; have successively lesser amounts of overburden, Qb is
essentially bare (fa,g. 26)."

Norbhwest of ‘the Sna.ke River alluvial deposits mterton.gue with
basalt flows at depth. The alluvial deposits lens out toward the north-
west and e few miles from the river the only sedimentary materials inter-
bedded with the basalt are occasional layers of fine sand and silt which
were depos:.ted in the pla.yas or as w:i_n.d.blown depos:.ts (flgs. 27, 28, and

29} .

Ground-wat er fea.tures

The basalt of the Snake River Group, and a.J_'I.uv:Lal send and gra.vel
together comprise the Snake Plain aquifer in the Idaho Falls area. Re-
charge to the aquifer is by percolation from Snake River and from irri-
gation, as shown by the water table and flow-net map, figure 3. The
importance of irrigation to recharge is shown by the pronounced rise in
the water table, generally 15 to 30 feet, each spring after irrigation
begins (fig. 30). Flowlines indicate that the water is moving westward
beneath most of the ares of recharge, but turns southwestward a few
miles west of the Snake River, and much of the water discharges into the
reach of the Snake River hetween Blackfoot and American Falls, as described
in & previous section of the report.

The depth to water through the irrigated area (the recharge aresa)
generally is 50 to 150 feet. Westward, as the land surface rises, and
the water table declines, the depth to water is progressively greater.
There spparently are local perched aquifers at s few places, but no
extensive perched aquifer has developed as is found in the Egin Bench-
Lower Teton River area. :
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Figure 26.--Basalt surface near the southeast
corner of section 33, T. 1 N.,
R. 35 E.



EXPLANATION
Thick Beds Thin Beds

e Siltand clay Cinders Silt and clay Cinders = s ot W e

= B o % L ==
= [ e Sand Basait Sand Basalt —--
e S i o +:==tSand and gravel Ash Sand ond gravel Ash — e e

SRA. SNSRI Db S UUTS A ——an] OI_ 1 I{E
N Horizontel Scale

| mile e e e e e

Hiw
d

oD
1)

!\_{ = |

Wl ol | et 8 dviel ikt | M

s
q
v
h

N N

Vs N -4 FaY
by WLV AW

L

|

.. Yaral o » N Ea—— 2% P
ot sy 4.4 4 — o o 17 AW

ralir ¥a el R A ZTy
440} b LWL
e T o o - o= ks TATS]
O - " by o 17 AV
il bbbl ] o — e Fal Fan)
b f 94 v

Figure 29.~-Geologic sections M-M' and N-N',in area north of Moreland,




N

1

-]

-]

-

LAanr

LY

INar

AYH

“adr

196L__

I~ T

vl

Pl e
|
S

1 9“60.._

56
Bohnprh

i
7

Bank
¢
Fd

iz
18

ad

3

G

CSFATIER
Bimeh
r)
Fi

v
L, Tﬁ_'
P

Ay
T
H

19.59__

Figure 30,-—P{ydrograp‘hs' of wells im the .Idaho Falls area.

14y

146

48[

150

152

154

cu.. _._J
N od
=4

=) 6 O =
3‘3\4 \4 .5,

WYEP POEBLINS PuUv] AOTOQ »w.mw ﬂ.noawu. 03 ygdeg




- Underflow in this section of the Snake Plain aquifer is large. Accord-
ing to the flow net (fig. 3) underflow ranges from about 100 to 150 c.f.s.
“per mile of aguifer width with a_hydraglic-'gradigpt b to 83fee't per mile.

Source of water and topographic ‘features

The only feasible source of waber for artificial recharge is the
Snake River.: Avallability of surplus water from the Snake River was
summarized on page 11. For the purpcoses of this study it was assumed
that the maximum diversion would be 120,000 acre-feet a month.

. Water- could. be diverted from the Snake River &t some point down-
stream from its Junction with Henrys Fork, which is at an altitude of
4,800 feet. . :

: Studies by the U. S. Buresu of Reclamation (written comminication
August 1961) indicate that the most feasible diversion downstream from
-the Jjunction is near or at the diversion for the Great Western Canal,
about 6 miles south of Roberts. This diversion is at an altitude of

L,755 to 4,760 feet. Water could be conveyed in a canal from this point
to the lava flows west of Idaho Falls. Detailed topographic maps are not
available for all of the area but study of the maps that are availgble:
indicate that there is 50 to 75 square miles of bare lava surface below
the 4,750 contour between Idsho Falls and Blackfoot.

- TW-10 pump recharge test

A recharge test was made at a location 9 milés soubthwest of Idaho
Falls in June and July 196L.

. Well 1N-36B=lccl (TW-10) drilled as a test well for the U. S. Bureau
of Reclamation in 1958, on public domain, was used as a source of water.
There is no silt overlying the besalt st this location,. and the water -
was discharged into a crevice in the basalt about 60 feet southea.st of
the well (see flg. 31).‘

The uppermost 'ba.salt unit is about 36 feet th:Lck. a:t thls sz.te. It
is separated from the basalt which is the aquifer by about 34 feet of
fine silt and sand (fig. 27). The water table 1s about 150 feet below
land surface. : . ‘ T

Five holes were drilled to the top of the second basalt primarily
to serve as observation wells for the perched -agquifer thet was presumed
would develop when recharge began. The observation well, 1N-36E-2ddl-
(OW-10) which was drilled in 1958 along with TW-10, was plugged -at the -
top of the second basalt so that it could also be used for observations
on the postulated perched aguifer. Geologic sections through all the
holes are shown in figure 32. Data on the wells and core dr:.ll holes
are given In the table on the. following page. ' '
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Altitude of -3 Thiclkness of :

Well or = - - - . A .. .
o oyt MRS ¢ s U s e
TW-10 : : ; - : : ;
(lN-36E-lccl) : 4,674.05 : k,638.0 ¢ h,602;o L 36 | 36 1 : 218
(1N-36E~2dd1) :- 4,675.07 : 4,640.0 : 4,503.0 ; 35 .',: 37 . : 215
D.H. 1 o b, 67k.82 ; 4,639.5 :'u,6b3;1' , 35.3 : 36,4 | 71:7
D.H. 2 4,67h.95 : 4,639.35 : b 603,45 1 35.6. 1 35.9 : 1.5
D.H: 3 ) 4,674.09 ; 4,638;0 S L5971+ 364 . %0.9 : 7.0
D.H. b ; h,673.h6'§h,637.8 ; b,61h.5 . 35.7 1;'23.3 ; :59;0
D 5 ; u,s75.72.§ 4,638.9 i.h,610;;l-§- 36.51 : 28.8 z,'66.9
Average .'35.8 3#.0 ;

-
*e w0

y Land surface is top of uppermost basalt at all holes.

4 Pumping began at 5 P.M. on June 9 at a rate of 2,400-2,500 g.p.m.
with a drawdown of 0.7-0.8 foot. Pumping was nesrly con.tlnuous until -
June 19. BPBreakdown of equipment forced a complete suspension of pumping
from June 20 to July 7, and pumping was intermittent from July T7-12.
Pumping was nearly continuous from July 13 to August 1 ». When the test.

was terminated. A total of about 362 acre-feet was pumped dur:.ng the test.

Dur:mg pumping the main water table rose a tota.l of more than 3 feet
because of recharge from irrigatiop on nearby lands. Pumpage is shown
graphically in figure 33.

The water was disposed of in a creviee in the basalt .(fig. 34) and
at, no time was there any ponding of water at the surface. However s &
perched water table did develop in and on top of the main sedimentary.
interbed. Hydrographs of this perched water table and its relation to
the top of the silt la.yer are shown in f:.gures 35-40. . - _

The perched. wa.ter table reached 1't‘.s maximum height in most wells

near the end of the test. The maximum height of water above thet op of
the silt in each well was as follows:
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Figure 34.--View at site of TW-10 pump-recharge test.
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Well _Height Well Height
AL o kg oomk oL sa
s am e

. After recharge cessed the water level in all holes dropped below the
top of the: silt in less than a day, and. in most holes pro'ba.bly within a
few hours. ' :

The sa.lient pon.nts rega.rd:n.ng this recharge exper:r.ment may be sta:bed
:‘as follows* ' . O '

A perched wa.ter 't‘.a.ble developed in 'bhe silt la.yer, a.nd. th:.s water
te'ble rose :Lnto ‘the ba.sa.l't. . . , _ R .

S . The water table rose ra.pn.d.ly n.nto the base of the upper basa.lt >, a.nd
then rose gradually as pumping continued. Wheénever recharge ceased., the

water level dropped below the base of the basalt within a few hours.

The perched water table had ra.ther steep slopes a.way :E‘rom the po:.nt of

recharge (fig. 33).

The results shown "by the test are interpreted as follows'

The pore space in the silty la.yer contained - considera.‘ble water before
recharge began, it probably was not far below saturation. - There is no
soil covering the basalt in this area and much of the 7 to~9 inches of
annual precipitation runs into crevices and percolates-down into the silt.
The basalt layer below is porous and water from the fine- gr'ained leyer
above will not enter the basalt until there is a positive pressure on
‘the water, that is until the hydrostatic head exceeds one atmosphere.
Thus the silt is near saturation at all times, addition of & very small
emount of water at the top of the layer results in a very rapidly rising
water ta.hle. In a sense 3 the ws.ter table actually was perched on the
‘base of the silt, - ‘

When recha.rge bega.n, the water ta.ble rose" rap:i.dly to the - tOp of the
silt; because the base of & single basslt flow overlying silt is not
very permeable, the water level at first rose rather rapidly in the
basalt . Thereafter it rose more slowly, rea.ching a level where the
gra.d.ient was sufficient to move the water away from the point of recharge
‘a8 repidly as it was added. Water could be discharged by lateral outflow
or by vertical percoletion through the s:a.l'b down to the main water table
or by a combination of the two processes. The relat:.ve proportions of
these two components of ou‘t'.flow a.re :.n questlon. :



_ For the following reasons it is 'belleved. that most of the water
moved down through the s:th. :

The mound of water in the basalt exbended. laterally only about 200
feet in the direction of D.H. 5, and barely reached OW-10, 250 feet away.
The extent of the cone beyond D.H. 4 is not known but considering the
gradient between D.H. 3 and D.H. 4, it probably was not more than about
300, for total distance of 600 feet from the crevice into which the
water disappeared. The spread of the mound cbtained by averaging the
spread in the three directions was about 375. feet. Thus, the average
diameter of the mound in the basalt probebly did not exceed T50 feet.
The average slope of the ground-water mound between the near and the far
- drill holes was 1.3 feet per 100 feet (.0l3 feet per.foot). A circle,
described around the crevice where recharge entered ‘the basalt, with-a
radius of about 180 feet roughly bisects the average distance between
the near and far drill holes. The average saburated thickness of hasalt
‘on July 25 at this radial distance, near the end of the test, was 2.8
feet. The equation @ = PIA, where Q is the gquantity of water in gallons
a day per square foot, I is the hydraulic gradient in feet per foot, and

. A is the. cross sectional .area in square feet, can be used to-solve for

permeability of the basalt, assuming that none of the recharged wa.tea
seeps from the basalt within the area of the circle. BSolving, P = TR =

3. 6x10° = 87,500 g.p d. per. square foot. The £low '_a.cross the bounds.ry
.013x3,170 . ‘
circle. would be decrea.sed by the amount of downwa.rd seepage from the
basalt within the circle, and the permeability of the base.lt would. be
correspondingly less than the figure derived.

As shown by'the hydrographs of drill holes 1, 2, 3, and 4 (figs.

.35, 36,.37, and 38) the water table rose rather gradua.lly, ‘but dropped
abruptly entirely below the base of the basalt within a short time after
recharge ceased. This abrupt decline is not compatible with the decay .

of a ground—water mound by lateral outflow 'bu'b is the result to be ex-
pected of downwerd leskage through & semipermeable layer. IT. :Lt_:L_s o
assumed that all the water percolated through the silty layer within an
area 750 feet in diameter, the seepage rate would be about 1 foot per day.

Not much 1nfoz'ma.tmn is a,vailable :!egardlng 1nf11tre.t:i.on ra.tes -
through s:.lty sediments in the Snake River Plain. Infiltration measures-
ments in the beds of the ‘Big Lost River playas showed infiltration rates
ranging from 0.4 to 5.4 and averaging 2.3 g.p.d. per square foot (Nace
and others, 1959). These playa sediments probably are similar, but may be
more permeable tha.n the silty interbed at the TW-10 site. ' , -

I.aboratory tests ma.d.e on T samples of ma.ter:.a.l from the 's:.lty layer
at the TW-10 site indicate. a permeability ranging from pract:.cs.lly nil to
2 g.p.d. per square foot and averaging about 0.7 g.p.d. per Square foot,
equ:.valent to a percolation rate of slightly more then 0.l acre- ~-foot per
acre per day. It may be that the silty layer 18 considerably more perm~
eable at some places than at others, also, there way be thin spots or places
where the layer is missing and the upper baselt is in conbact with the lower
basalt. Whatever the exact situation, most of the water recharged probably
moved out of the upper hasalt layer by vertical percolation.
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Summery of recharge poss:l.b:.l:.ties in 'i:he 'ba.sa:l.'b

_ Conclus:l.ons as to the fea.s:n.'bility of: recha.rge by spreading wa‘ber on
the basalt in this area cannot be based entirely upon the results of such
a small-scale test as was made &t the site of well TW-10. The intake
capacity of the upper basalt flow -apparently is almost unlimited; how-
ever, if the silty layer will transmit water to the main water table at

. & rate of only 1 acre-foot per acre per.day, then a thousand acres would
be - reguired for recha.rge of a “bhousa.nd. a.cre-feet per: da.y. ‘ :

. However, as shown b;y' many well logs » and. :L'.L'Lustre.ted on the geologlc
sections I-I' and L-L' in-figyres 27 and. 28, the -sedimentary interbeds
r‘pinch out to the west and northwest, away: from the Snake River. The. lo--
“tcation of the recharge test, less than one<half mile from the edge of the
‘upper basalt flow, was not at g favorable location with respect to under-
lying sedimentary strata. As the water is conducted westward, from de-

- pression to depression on the basalt; cornditions for vertical seepage .

-should improve and the rates might be manyfold larger within a few miles.

Recmrge of gra.vels a.dgacent 'to 'bhe Sna.ke R:Lver

- The Snake River loses water from :|.ts cha.nnel throughout the rea.eh
from Roberts to Blackfoot. The alluvial deposits along this reach' could
be used for recharge of additional water by diversions. to abandoned: -
channels, unused gravel pits and similaer depressions.. Through most -of.:
the reach the water table is 50 to more than 100 feet below land surface
50 that a large storage space is available above the water table. . Basalt
protrudes through the alluvial deposits. at-a:few places; elsewhere the -
gravel deposits range from a few to more than 100 feet in thickness.
Well logs indicate generally a fairly continmous segquence of gra.ve].'l.y
depos:.ts 5 rs.rely are there reports of sa.ndy or 31lty 1ntervals. -

No quantitat:we mfoxmat:l.on is- availa.ble on. 'bhe intake capa.e:.ty of
the gravel deposits, however, the gra.vel genera.lly appea.rs 0 be: clea.n )
coarse, ‘and.- pemeable. Lo . ,

Ra.tes of percola.tion froun the chs.nnel of the Big Lost R:.ver » In
downstream.reaches on the National Reactor Testing Station, about €0
miles west of Idaho Falls, were measured in 1951 to 1953 (Nace and others,
1959, ‘p. 21-30). Rates ranged from about 0.3 to 2.5 and averaged 1.0 foot
per day. The rates measured varied almost.directly with discharge. Big
Lost River is intermittent, and has a low:gradient through-the reach.. . The
alluvium glong the Snake River probably is considerably more permeable
than-along this reach of Big Lost River.: Also,.the . depth of water would
be considerably grester in gravel pits than in the shallow channel :of Big
Lost River ’ a.nd infiltra‘bion ra.tes would be greater because of the grea.ter
head.

At Peorie, Illinois, rates ranged from sbout 40 to 100 feet a day in

two pits operated by the State Water Survey for three recharge seasons
(Suter and Harmeson, 1960, p. 145).
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Percolation rates in the gravels along the Snake River probably would
be in the range of 5 to 50 feet per day. GQuantitative tests would be
required to derive a more precise value. ‘ : :

Probable effects of large-scale reéhé.rge in the aresa

By assuming aquifer coefficients, and meking sdme simplifying assump-
tions regerding boundaries, the effect on the aquifer of adding large
amounts of water by artificial recharge can be estimated.

. The avera.ge coefflc:l.ent of tra.nsm:.ssn.blllty is assumed to be 2x107
gallons a day péer foob; the coefficient of storage is assumed to be 0.10.
. A positive boundary at right angles to the flowlines is idealized near the
upper end of the discharge reach between the mouth of the Blackfoot River
and American Falls. Point of recharge is assumed to be 27.5 miles up-
gradient from this positive boundary. All other boundaries were disregarded,
the only other near boundary is a negative one parallel to the flowlines.
Recharge is assumed to be at a constant rate for a period of 6 months.

With the above assumed coeff:.cients and simplified boundary conditions,
the head change was computed for a point 2.5 miles upgradient from the
positive boundary (fig. 41). This figure indicates that under the assumed
~conditions, discharge into the American Falls Reservoir reach would begin
to increase within a few months after artificial recharge beglns a.nd peaks
w:.th:i.n 2 months after recha.rge ceases. :

g Not all the water recha.rged. in the ares west of Idaho Fa.lls would.
return to American Falls Reservoir. Flowlines (fig. 3) show that about
4o percent of the underflow through this section of the squifer is
tributary to the Americaen Falls Reservoir reach, and 60 percent is tribu-
tary to the Hagerman Valley reach. Of that part of the water returning
in the American Falls Reservoir reach, the percentage that 'returns each
year is approximately shown by the ratio of the srea under the curve for
the individual year to the total area under the curve:. As shown by the
table on figure 41, 32 percent of the water returning in the reach dis-
cha.rges within the first year, 23 percent in the second year s and so on.

The above discussion does not mean to :.mply that the. recharged

- water will physically move to the discharge area within a few months;
actual velocity of the waler probably is only a mile or two a year.
However, the ground-water mound moves outwa.rd s0 that underflow and dis-
charge are increased asg. shown. - :

That ‘l:he ca.lcu_'l.a.ted rate of sprea.d of the ground-water mou.nd is of
the proper megnitude is shown by the spread of the recharge wave from
irrigation in the Aberdeen-Springfield area ( see page 1T7. and figure 7)
where the ground-water mound spreads 22 miles in 90 to 105 days.
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.. Milner-Shoshone ares

. The Milner-Shoshone area extends northwestward. along the Milner-
Gooding canal (fig. 42). The area which would be yseble for artificial’
recharge forms an irregular strip along the. ca.na.l Divers:.on to the canal
is at an a.lt:r.tude of about 4,130 feet. - R

o The only topographic map ava.:.la‘ble is the Arnw Ma.p Serv:.ce l 250 ,000
. series with 100~ and 200-foot contour intervals so that sltitudes are not
accurately known. However, that map and air photos show that the land
surface rises to the east and northeast go that the area to. which water.
could be diverted on the east side of the ca.nal includes only snna.ll :
parcels Ammediately ad;acerxb to the ca.na.l Y

Notch Butte 2 south of Shoshone 3 ‘rises a‘bove the genera.l la.nd surface
and includes perhaps & township which would be too high to be .reached by
- surface diversions. Begimning south of this butte (about: 6 miles south:

of Shoshone), a strip of land 4 to 6 miles wide -extending for 10 to 12 -
miles roughly parallel to the canal, is topographically si‘tuated BO-. that
:Lt m:t.gh‘t be reached by water dlvert:ed from the canal. ' - SR

) Geolbgié- feé.’cures -

: - The entire ares between the Snake and Wood Rivers. is underlain by
ba.sa.lt:l.c lava flows of the Snake River Group. The basalt was extruded
from several centers, chiefly on the east side of the M:Llner-Gooding
Cangl .. Broa.d lava domes mark these centers. - L e

The basa.lt is overla.m ’chroughout much of the ares. by varylng s
amounts of sedimentary materisls which accumulated in plasyas or as w:md
deposits. Most of the land where the sedimentary deposits are a few
feet or more thick and are reasonably extensive, is farmed.

.. Because the most important surficial characterigtic for artificial
recharge is"the thickness, extent and continuity of overburden, the - .
. mapped area was divided into units on that basis. The subdivisions. are
based almost entirely on interpretation of areal photos. Of the 4 units
.shown, 2 generally are not -suitable for artificial recharge by water:
spreading. The other two consist of axeas too rough for farming, where
basalt: exposures are rumerous and. irregulsr a.nd are: separated 'by th:.n,
'd:.scont:x.nuous pa.tches of overburden. .

The Lbasa.;l.t in th:Ls ares is J.nterbedded W’l‘bh sed.:unenta.ry mater:l.als iy
as in the Roberts-Planc and Idsho Falls areas, but there apparently are
no thick, extensive sedimentary deposits such as are encountered in some
parts of the other two areas. The sedimentary interbeds in the Milner-
Shoshone area are chiefly thin lenses of windblown silt, sand and volcanic
ash and playa deposits of limited extent. Cinder deposits spparently are
common, but because they generally are very permeable, they are an asset
rather than a ligbility to recharge. Su'bsurfa.ce _conditions are. illus-- -
trated in several cross sections in figure 43. - : - ,
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Ground-water features

. The only aquifer in the ares between Milner and Shoshone is the
basalt and associated pyroclastics of the Snake River Group. The water
table ranges from sbout 150 to 250 feet below the land surface. There |
are no really significant perched aquifers, but local perched aquifers
have been encountered beneath irrigated tracts, and near the canal. The
water table slopes slightly south of west with a gradient, near the canal.,
of about 10 feet per mile. A few miles to the west the gradient increases
to about 4O feet per mile. Flowlines (fig. 3) indicate an underflow of
about 150 cubic feet per second per mile width of aguifer. The source
of this underflow is chiefly at the eastern end of the plain, 100 to 150
miles eastward. However, considerable water is added to the aguifer by
leakage from the Milner-Gooding canal and percolation from irrigated
farms in the vicinity of Hazelton, Shoshone, and Dietrich. For that
reason the water table shows an annual cyclic response to irrigation:
(fig. 44). These hydrographs also show a continuing downward trend. The
longer term trend of the water table in the area is shown by the hydro-
graph of well 98-20E-1dsl (fig. 45). This curve shows a downward trend
beginning in 1954, probably related to purping in the Minidoka area to
the east. The downward trend was accelerated beginning in 1958, probably
because of greatly :anreased. w::bhdra.wa.ls of ground weter in the Hazelton
area.

To the west the aquifer terminates in the canyon of the Snake River
(Hagerman Velley reach). The base of the aquifer,. at the contact with
underlying less permeable volcanic rocks generally ranges in altitude
between 3,000 and 3,150 feet, 100 to 150 feet above river level. The
line of discharge between Twin Falls snd Bliss is 25 to 30 miles west of
the Milner-Gooding Canal between Milner and Shoshone.

Sumna:ry

Large-scale topographic maps are not available to show potential
recharge sites along the Milner-Gooding Canal. The Twin Falls topo-
graphic sheet of the United States series at scale of 1:250,000 indicates
that areas covering many square miles are favorably situated for recharge
by water spreading in the northern two-thirds of township 8S-19E. Closed
depressions totaling only a few square miles are shown by the 100=-foot
contour interval on the map, but undoubtedly there are many more square
miles of depressions than are shown. Much of this area is shown by areal
photos to be rough surfaced basalt with thin discontinuous patches of
silt. BSeveral other areas further north, along the west s:n.de of the
canal, also appear to be suita.ble for recharging. -

- Probable effects of artificial recharge in the area
- The effects of pumping 250 c.f.s. for 122 days on the water table

in the Shoshone-Dietrich area was computed in the report by Mundorff and
others (1960, p. 185-186). The computations apply eaually to buildup of
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the water table by recharge and therefore the values given inthe cited
report can be used. That is, the rise in the water table would be -
roughly 7 to 10 feet &t the end of one recharge cycle, at a recharge
rate of 250 c.f.s., and 10 to 13 feet at the end of 50 cycles. This .
would be the rise in the aguifer within the recha.rge area; the r:Lse o
at distant points would he less.

The spread of a recharge mound from this area can be approximated
by analogy with the spread of the cone of water-table decline caused
by pumping -in the Minidoka ares. The water table began declining in
1954 immediately adjacent to the Minidoka Project area (hydrographs of.
wells 85-24 E-31dcl, and 8S-23E-2bcl, figure 8). These wells are 55
miles east of the Hagermen Valley discharge reach. -The water level in
well 85-14E-16bel (fig. 46) which is about a mile from the discharge -
area did not show any decline until sbout 1958, and the decline was
minor until 1960, but was grestly accelerated in 1960 and 1961. Thus
it seems that it took 4 years for the increased pumping to affect the
weter. table sbout 40 miles downg;radient from-the margin of the :pumped o
area, and 6 years before the effect was appreciable. . By analogy then, .
the .spread of a recharge wave from a recharge area along the Milner- -
Gooding Canal scme 30 miles away would require 3 to b yea.rs to affect
the 'w'a.ter “table in the vic:.m.ty of well 8S llLE-l6bcl. TIRERN . y

1‘Wooél. Rivéi' ba.sin.r -

In a previous section of the report it was shown that annual dis-
charge from the Big Wood River drainage exceeded 9,900 acre-feet in 17
years, and averaged 185,000 acre-feet in the 23~year period 1936- 60.
Not all the waber could be salvaged for- recha.rge but perhaps an :average
of 100,000 acre~feet could be.  Part of this water would be avalla'ble
from I.:Lttle Wood. River and Silver Creek. oo :

Or:r.glna.l_'l.y large amounts of water were. lost fram 'bhe channel of

Big Wood River downstream from Magic Reservoir (fig. 3) to.the Snake .
Plain aquifer (Smith, 1960, p. 27). Since 1925 the entire nstural, - .
flow has been diverted through the Lincoln Cansl (Smith, 3.960 s Dl. 2) :
and losses are less. The abandoned river channel crosses and sk:l,rts_”.
a basalt f£low of Recent Age (Shoshone Basalt flow) which is very.
permeable and takes water rapidly. -According to. the watermaster

(Smith, 1960) average losses in a-l5-mile reach -of the chamnel were :
gbout 149 c.f.s. during the 1rr1gatz.on seasons 1920-25. The abendoned
channel. and adjacent areas of the basalt could be used for recharging
large amounts of water. The Hailey and Twin Falls topographic sheets. of
United States series at a scale of 1:250,000 show. that the altitude of the
basalt flow ranges from sbout 4, 600 feet at point 8 miles south of Magic
Reservoir, to about 3, 600 feet near Gooding. Water could be diverted
from the river onto the lava flow-at almost any point along its course.
However, recharge in that part of the basalt northeast of Shoshone would
_'be more effective in raising water levels over a&-wider arca, and being
-farther from the Hagerman Valley discharge area, would maintain water
levels for & longer time than would recharge farther to the west..
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This recharge area is about 30 miles from the Hagermsn Valley, and
on the basis of rate of spread of effect of large scale withdrawal in
the Minidoka-Hazelton area, it probably would take several years for the
effects of recharge in the basalt northeast of Shoshene to reach the
Hagerman Valley. g

" Methods of increasing intake

It is apparent from the preceding general description and the -
discussion of the Individual recharge areas, that one of the major
rroblems in artifieial recharge in the Snake River Plain, is to get the
water through layers of low-permeability materisls, down to the main’
water table. These materiasls of low permeability at same places cover
the ba.sa.lt surface, and at others they occur a.s Interbeds. o

- The effect of these low-permegbility layers is to increa.se the
area required for water-spreading, perhaps tenfold, or more, This may
not be a serious problem where large areas of -public damain have 1little
-other use. However, tle cost of dikes and other structures required: to
conduct the water from pond to pond might be substantial. Also, in
some areas it may be desirable to keep the flooded areas smaller.
Therefore, some method of increasing the volume of intake per unit sur-
face area may be desirable. Several methods are described below.

" Removal of surficial materials

In some areas, particularly in the Plano-Roberts ares, windblown
gsand and silt have accummlated in depressions in the basalt. The bottom
of each depression is blanketed with these deposits, and water must per-
colate through them. At places basalt is exposed along the flanks of -
the depressions, but most of the cracks and crevices in the basalt are
partially choked with sand and silt. Many of these, ‘especially the
gaping crevices in pressure ridges, are capable of taking large amounts
of water where they are not plugged. Some individusl crevices might
take tens of cubic feet per second. Tt might be possible to increase.’
the intake of water by removing the sand from individual crevices by
hydraulicking. Water from the recharge ponds could be used as the ponds
£illed. Once a crevice was clean, graded gravel could ‘be used to fill
it to prevent it from a.ga.in £illing m.th sa.nd . -

It is possible that heavy blasting at favorable spots, perha.ps in:
- crevices of the pressure ridges, Wu.ld open up new ch.annels for the
v downtfe.rd percolation of water.

Ga.lleries a.nd :Ln,Jectlon wells -
‘Where & layer of silt and sand ‘s few :E‘eet th:u.ck overlies the basalt,
" wells drilled into the basalt could he used to increase the recharge rate.

In order to prevent silt and debris from directly entering the hasalt,
the water could be filtered through gravel. A 20-inch to Bh-inch.casing
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would be cemented into the top of the basalt, and the uncased hole
continued on into the basalt. In one method the casing would be . B
perforated, the sand removed from around the casing, -and.-the snnilar L
space back-filled with gravel (fig. ¥7A). Alternatively, 8-inc¢h -
perforated pipe or tile ‘could be placed . in & .shallow trench leading
into the well, and the trench back-filled with-gravel (fig. 4¥7B). . -

In most areas where surface water can he diverted onto basalt
surface of .the Snake River Plain, the basalt flows have one or .more
interbeds of fine-grained material at some depth, for example, the: .
34~foot silty-sand interbed beneath 36 feet. of basalt in the v1cinity
of ‘the TW-10 recharge test.. These interbeds cause perched. aquifers..
to develop. If the perched aguifers spread . widely enough, -all the |
water will seep downward to the malin aquifer..-However, in spreadlng
widely they may reach farmed sreas and cause waterlogging and seepage
problems. Therefore, it may be desirable to increase fthe percolation
rate.. This could be done by drilling s well comnecting the basalt. -
above and below the interbed, so that water could flow. from the. . _
perched aquifer into the well bore, down the bore, and out into:the ..
mein aquifer. By comnecting the two aguifers; instead of injecting - -
the water directly into the well at the surface, the possibility of
pollution and of silting up of the aquifer would be minimized.  Con-
structlon could be s:mllar to that: shown in flgure h8. T

Conclusions

For more than 60 years, beginning in the 1890's and ending in
the 1950's, the water table in the Snake Plain aquifer rose. This
rise was caused by irrigation. The magnitude of the rise is not R
completely known, because records of ;the position of the. water table
prior to irrigation are not available for all parts of the plain.-
However, the rise probably exceeded 100 feet at some places, and the
average for the entlre plaln may have ‘been 60 to- 70 feet.;.g oo

With the great expansion in use of ground water for‘lrrlgatlon,
beginning after World War II, and becoming quentitatively significent
in 1952-53, the trend has reversed, and the water table is declining
nearly everywhere benesth the plain.. By 1960, ground-water. withdramals
in the eastern Snake River Plain and tributary valleys reached 2 million
acre-feet, and consumptive use was roughly 1 million acre-feet. The
decline in water. level between 1953 and 1961 generally ranged from less
than a foot to about 12 feet. Ground-weter withdrawals. undoubtedly will
continue to increase and the water table will continue to decline.

. Artificial recharge will not reverse that trend, not enough water
is available for that.. . However, recharge of a million acre-feet will
permit pumpage of 2 million acre-feet additional water (assuming-50
percent consumptive use) without any additlonal decllne in the water

table. - o
.
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Large areas of public domain now having only limited use for
grazing, are available for recharge by spreading in shallow ponds.
Surplus water can be diverted to these areas from Henrys Fork, the
Snake, and Wood Rivers. Surficial conditions generally are favorable,x
the basalt surface contains many closed depressions, and additionsal -
depressions can be constructed by building low levees.

Small-scale recharge tests have revealed some of the problems;
silty and sandy overburden greatly reduces the intake capgcity of the
basalt at some places, and sedimentary interbeds will result in '
perched water tables at other places. Where recharging is attempted -
under these conditions, larger areas will be required for water spread-
ing. Howevér, there are several different methods that can be used to
1ncrease the intake per unit area. - .. ‘ ROER .

"Present recharge from irrigation on the plain is on the order of
3.5 rillion acre-feet.a year; in general, this recharge is accomplished
in the worst poseible sites for recharging operations, where the over-
burden and sedimentary interbeds are thickest and most extensive, and
where the water table is nearest the surface.n. ‘ vl

Thus, although there will . be problems connecte& w1th artlflclal
recharge, for example, perched wster tables might cause waterlogging
of some nearby farm lands, there is no question but that large quanti-
ties of water can be successfully added to the ground-water supply.
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