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REGIONAL AQUIFER SYSTEM ANALYSIS--SNAKE RIVER PLAIN, IDAHO
e
HYDROLOGY AND DIGITAL SIMULATION OF THE REGIONAL AQUIFER
SYSTEM, EASTERN SNAKE RIVER PLAIN, IDAHO
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By S.P. GARABEDIAN

‘ ARSTRACT dimensional model simulated water-level declines and reduced
‘ ground-water discharge caused in part by increases in ground
v The oecurrence and movement of water in the regional aquifer | water pumping.
'5' gystem that underies the eastern Sneke River Plain, Idaho, de- The transient model was used to simulate aguifer ehanget
pend onm the transmissivity and storage capacity of rocks thet | from 1981 to 2010 in yesponse to three hypothetical developmer
sompose the geologie framework and on the digtribution and elternatives: (1) Continuation of 1280 hydrologic conditions, (2
amonnt of rechsrge snd discharge of water within thet frame- increased puUmPAgE, and (3) increased recharge. Simulation ¢
work. On a regional gcale, mest water Moves horizontally through continued 1980 hydrologie conditions for 30 years indicated tha
interflow zones in’ Quaternary hasalt of the Snake River Group. head declines of 2 to g8 feet might be expected in tha central par
[n recharge and digcharge areas, water alsa moves vertically | of the plain, The magnitade of armilated head declines wab cos
along joints and ivferfingering adges of Hasalt flews. Aquifer sistent with head declings measured during the 1980 water yea
thickness i8 largely unknown, bui geophysical giudles snpggest | Larger declines were calenlated along medel boundaries, bt
that locally the Quaternary baselt mey exceed several thousand | these thanges may have resulted from underestimation of tribe
feet. Along the marging of the plain, sand pnd gravel geveral [ tary drainage-basin underflow and inadeguate aquifer definitiy
hundred fest thick transmit large volumes of waier. Simulation of increased ground-water pumpage (an addition

Regional ground-weter moverment i generally from northeast 9,400 cuble feet per gecond) for 30 years indicated head declin
to southwest, from areas of recharge to aread f discharge. Re- | of 10 to 50 fest in the central part of the plain. These relative
charge is from Beepege of surface water used for irrigatien, arge head declines wWere pecommpanied DY tricreased simulab
gtrearn and canal losges, underflow from {ributary drainage ba- | river leaksge of 0 percent and decreaset spring discharge of
gins, and infiltration of precipitation. Aquifer discharge is largely | percent. Tha effect of increased recharge {800 cubie feet per &
spring flow to the Sneke River end water pumped for irrigation. ond) for 80 years was 2 rise in simulated Leads of 0 to § feet
Majer springs are near American Falls Regervoir and zlong the the central part of the plaizn.
Spalke River from Milper Dam to Xing Hill

Regiunal'ground~water flow was simulated with pumerical
models. Iitially, B two-dimensional sleady-siate model that in- ]NTRODUCTION
Jduded a nonlinear, taast-equares regressioln technigue wap used
+o estimate aquifer properties. Later, & three-dimensional gteady-
state and transient model was used to replace the two-dimen- The Snake River Plain regional aquifer gtudy
sional model. Three-&imensiuma’i model results indjeated that | one of the studies undertaken in-the 11.8. Geologl
average total transnmissivity ranged from ebout 0.05 to 120 feet Survey’s Regional Aquifer—Sjstem Analysis (RAE
squared per gecond and vertical lesksnce ranged from about .
31072 to 5x107° feet per second per foot of aquifer thiclness. Progr am. A8 stated by Lindbolm (1981)’ the purpo

The three-dimensional \ransient model was used o COmMPATE of the study were to (1) refine Jmowledge of the
measured and ostimated long-term changes in ground-water dis- gional ground—waternﬂow pystem, (2) determine
charge snd waier levels with simulated values. Tnitial head con- focts of cgnjunctive use of gr{jund and gurface wa
ditions used in ‘trtmsient gimulations were derived from & | and (3) describe the chemistry of grdund water, |
s’laeady-statelso‘mtfon of .estxmated preirrigation hyc.lmloglc .conlch- Timinaty interpre tive reports generate db y the Sn
tions. Transient simulations were 5-year stress periods heginming . A .
in 1891 and ending in 1680, Recharge for each stress periad from River Plain RASA study a5 of 1988 inctude (1) &
1996 to 1980 was estimated from surface-water trrigation, pre- gional water-table map and description of
cipitetion, and streamflow records. Recharge for stress periods ground—water-ﬂow system {Lindbolm and oth
from 1891 t0 1925 was based o1 tth average valu? for stress peri- | 1083, 1088); {2) results of geohydrologic test dri)
ods from 1926 to 1680 and was indexed to cctimuted irrigated in the eastern Qnake River Plain (Whitghead

aereages, Average anmual tributary drainage-basin underflow for . ) . o
ciress periods from 1891 to 1910 was calouleted by using hasin- Llf‘idhdm: 1985); (3) water withdrawals f_{)_r Irrige
yield eguations. Upderflow for stress periods from 1911 to 1880 (Bigelow and others, 1986); (4) & greund-_water»

was veried by use of streamflow Tecords. model of the eastern Snake River Plain (Garabec
mransient simulations reasonably gpproximated measured | 1888); (B) water budgets and flow in the Snzke E
changes in aguifer hepd and ground-water discharge thet re- (K3elstrom, 1986); (6).a map of land use sho

suited from uBe of suzface water for irrigation. frrigation with ¢ o . .
curface water peaked In shout 1950; zubsequent increases in Drri- irrigated agreage ILindholm and GGDfleui 1986.
gation have been gupplied largely by ground water. The three- | & descripfion of the geohydrolngw frames

CRYS .P
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2 REGIONAL AQUIFERSYSTEM ANALYSIS—ﬁSNAKE RIVER PLAIN, IDATIO

Salmon Falls Creek (pl. 1. Tributary streams alon;
the northwestern edge of the piain, with the exceyp
tion of the Big Wood River, lose all their flow t
infiltration and evapotranspiraﬁion after reachin
the plain; these streams include ¢he Big Lost Rivel
Little Lost River, Birch Creek, Medicine Lodg
Creek, Beaver Creek, and Camas Creelk. Mos
tributary streams originate in intermontane valley
that are geperally perpendicular o the longitudine
axig of the eastern plaii. Pesk flows i anregulate
streams &re primarily from snowmelt during sprix
and early summer. Most regulated streams haver
duced peak flows and higher average gummer flov
when stored surface water is released and divert
eor irrigated agriculture.

Annual precipitation on much of the plain rang
from & to 10 in. (fig, 2), whereas precipitation
higher mountains within the Snake River basin ¢
ceeds 60 in. Most precipitation on the mountains
winter snowfall; precipitation on the plain is m
uniformly distributed throughout the year (fig.
Cumulative departures from MEean monthly precip:
tion at four stations on the eastern plain are gho
in figare 4. (teperal trends in precipitation for
castern plain during the past 50 years include W
gpread drought from 1930 to 1935, 19562 to 1962,

(Whitehead, 1986); and (8) & deseription of surface-
and ground-water quality (Low, 1987,

PFinal interpretive results of the Snake River Plain
RASA study are presented in Professional Paper
1408, which consists of seven chapters as follows:

Chapter Alsa cummary of the aquifer system.

Chapter B describes the geohydrologic frame-
worl, hydraulic properties of rocks composing the
framework, and geologie controls on ground-water
movement.

Chapter C describes ground-waterf’surface-water
relations and ground-water hudgets.

Chapter D describes solute geochemistry of the
cold-water and geothermal systems.

Chapter E describes water use.

Chapter F (this_repo_rt) describes results of ground-
water-flow modeling of the castern Snake River
Plain.

Chapter G describes results of ground—water-ﬂow
modeling of the western Snake River Plain.

PURPOSE AND SCOFE

This report deseribes the use of & gmund«water—ﬂow
model to refine and extend knowledge of the regional
ground-water-ﬂow system in the oastern Snake River
Plain (fg. 1. Two-dimensional gmundwwater-ﬂow mod-

els were used in previous studies to simulate a hydro- __ CANADA
logic system that is largely three djmensional. -‘

Therefore, in this study, a three—dimensional model : ;
was used to () evaluate the significance of vertical ABHL 1

variations in hydraulic conductivity and chauges in
head with depth, (2} evaluate the effect of sediment
interbeds on regional ground-water flow, (3) simulate
historical changes in the hydrologic system a8 a result
of irrigation, and (4) egtimate future hydrologic changes
that might result from implementing yarious manage-
ment alternatives.

WASIHINGTON
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1.OGATION AND DESCRIPTION OF STUDY AREA

The ezsternl Snake River Plain extends across
southern Idaho (fig. 1) and is ahout 170 mi long, 60

i wi 4 10,800 mi® in area. Altitades range
from about 2,500 fi. ahove sea level near King Hill (pl.
1) on the west to more than 6,000 £t in the northeast-
grn part of the plain. Mountains bordering the plain
are 7,000 to 12,000 f in altitude.

The eastern plain is entirely within the Snake
River drainage hasin. Major tributaries thab con-

tribute flow directly to the Snake River upstream
HOW GRET arvs Fork of the Snake
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¥4 REGIONAL AQULFERSYSTEM ANALYSIS——SNAKE RIVER PLAIN, IDAHOC

1977 to 1978, and wet periods from 1936 to 1942 and 3

1963 to 1976. g
Natural vegetation on the plain is sparse because

of the semiarid climate; sagebrush and bunchgrasses 0

predominate. Most agricultural crops are irrigated, 20

although dryland farming is moderately successful

during web years. Major crops are potatoes, small 30

grains, Sugar hests, beans, alfalfa seed; and hay.

Ahout 25 percent of the Nation's potatoes are pro- 40

duced on the eastern plain (Idaho Department of Ag- "

riculture, 1980, p- B). Irrigated crop production on the S0y ASHTON

pastern plain introduces about $600 million annually 40

into 1daho's economy (Idaho Department of Agrical- "

ture, 1080, p. 24).

PREVIOUS INVESTIGATIONS

Numerous investigators have studied and reported
on the geology and ground-water resources of the
castern Snake River Plain. Notable early studies
were by Russell (1002) and Stearns and others
(1938). In a quantitative hydrologic study, Mundorff
and others (1964) used a flow-net analysis to esti-
mate transmissivity. Skibitzke and da Costa. (1962),
Norviteh and others (1969), and Mantei (1974) used
electric analog models to study the regional aquifer
gystem in the eastern plain, whereas deSonneville
(1974) and Newton (1978) used numerical models to

a5+ IDAFC FALLS 4
{Federal AcTonautics Administration Alirport)

CUMULATIVE DEPARTURE, IN INCXHE 5
o d -
(=]

Ashilon, meen armusl 17.6

MEAN MONTHLY PRECIFITATION, IN INCHES

25t BLISS

30 M . .
i I I N 3
g & &2 2 G g LA

9 YEAR
0T, NOV. DEC. JAN. FEDB. MAR. WPR, MAY JUNE JULY AUG. SEFT.

MONTE CRYS
FIQURE 4.—Cumulative departure from mean mogthly .
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GEOLOGY

study the regional systerm. Wytzes (1980) modeled the
altuvizl aquifer in the Henrys Fork and Righy Fan
area, and Johnson and others (1984) modeled the al-
luvizl and basalt aquifers in the Mud Lake area. Sol-
ute transport of radicactive wastes at the Idaho
Nationa! Engineering Laboratory was simulated by
Robertson (1974, 1977); this simulation was updated
by Lewis and Goldstein (1982).

WELL-NUMBERING SYSTEM

The well-numbering system (fig. 5 used by the
11.8. Qeological Survey in Tdaho indicates the location
of wells within the official rectangular subdivision of
public lands. The first two numbers designate the

township {north or south) and range (east or west)
with reference to the Boise base line and Meridian.
The third number designates the section and is fol-
lowed by up to three letters, which indicate the Y
soction (160-acre tract), Y, Y4 section (40-acre fract),
and Va-Ya-Ya section (10-acre tract). The last number

5

i the order in which the well within the tract was
inventoried.

Quarter sections are lettered A, B, C, and D in
counterclockwise order from the northeast quarter of
each section. Within the guarter sections, 40-acre and
10-acre tracts are lettered in the same manner. For
example, well 75-15E-12CBA1 is in the
NRVNWYSW see. 12, T. 7 8, R 15 E., and was
the first well inventoried in that tract.

GEOLOGY

The predominant rock type in the eastern Snake
River Plain is Quaternary hasalt of the Snalke River
Group (included in QTb on pl 2). Basalt, interbedded
with terrestrial and lacustrine sediments, along the
margins of the plain fills & structural basin defined
by faulting on the northwest and downwarping and
fanlting on the southeast (Whitehead, 19886, Electri-
cal-resistivity soundings and other geophysical evi-
dence indicate that aggregate hagalt thickness may,
in places, exceed several thousand feet (Whitehead,
1988). The structural basin was formed as the result
of Cenozoic tectonic stresses and is a transition zone
hetween the Basin and Raoge province to the southi-
east and the Northern Rocky Mountain province to
the north and east.

gilicic voleanie rocks, including rhyolite, latite, and
andesite, are present near the margins of the plain ad
thick flows of welded tuff, ash, and pumice. The
northeastern end of the plain is delimited by rocks of
the Yellowstone Group (meinly rhyolite). [davada
Volcanics are present southwest of the plain and may
underlie the entire eastern plain, Underlying the
Quaternary basalt in the southwestern part of the
ecastern plain are Tertiary sedimentary rocks of the
Clenns Ferry Formation and Tertiary Banbury Ba-
salt, both of which are part of the Idaho Group (pl 2)
(iranitic rocks of the Idaho batholith, along with pre-
Cretaceous sedimentary and metamorphic rocks, bor-
der the plain to the northwest. Adjacent to the plain
on the suuthe_ast,and perpendicuiar to its axis are
several intermontane valleys and block-faulted moun-
tain ranges. '

Kuntz (1978, p. 9) noted that voleanism on the
easfern plain was localized along rift zones (pl. 2).
Rifts appear to be extensions of basin-and-range
gtructures (faults) that are present northwest and
southeast of the plain, Kuntz (1978, p. 13) indicated
that faults are abundant owing to é&g&st-souﬁh-
west extension along the axis of the eastern plain]

.
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Quaternary basalt of the Snake River Group was
extruded from individual vents and from series of
vents. A typical flow is 20 to 95 ft thick and 50 to
100 mi* in areal extent. Consequently, individual
hagalt flows cannot be correlated over great dis-
tances. Rubble and clinker zomes usually form at
the top of a basalt flow as cooling lava solidifies and
then is broken by continued movement of underly-
ing lava. Basalt vesicles are formed by the escape of
entrapped gases. The centers of individual flows are
typically less vesicular and more massive than flow
tops. They are characterized by vertical fractures
that, in places, form columnar basalt., Subsequent
flows or fine-grained sedimentary deposits may par-
tially fill fractures and veaicles,

Lava tubes are unique cooling features that form
when a lava conduit drains, leaving a solid roof in-
tact. Tubes may be continuous for a few feet fo thou-
sands of feet in length. Lava tubes have been
penetrated in the subsurface, as evidenced by dril
stems suddenly dropping as much as several tens of
Teet,

Sediments interbedded with basalt along the mar-
gins of the plain were deposited by the Snake River
and tributary streams. In some areas, particularly in
alluvial fans, sand and gravel predominate. In other
areas, particularly where streams were dammed by
hasalt flows, fine-grained lacustrine sediments pre-
dorminate. Soil cover on the plain is minimal over
younger basalé and consists primarily of windhlown
nterial. Most agricultural soils are in aveas of flu-
vial and lacustrine sediments near the margins of the
eastern plain,

HYDROLOGY
SURFACKE WATER

The eastern Snake River Plain is drained by the
Snake River and its tributaries, which receive most
ground-water discharge. The Snake River, which
flows onto the plain near Heise, contributes about 49
percent of total tributery drainage-basin yleld to the
eastern plain. Another 23 percent of tributary drain-
age-basin yleld is from Henrys Fork, and 10 percent
is from northern tributaries. Most -of the remaining
yield from tributary drainage basins iz from the
Bilackfoot, Portneuf, and Raft Rivers and Salmon
Falls Creek (pl. 1.

The Snake River descends 2,524 ft from Heise (al-
titude 5,019 ft) to Ring Hill (altitude 2,495 i), 307
Fiver miles downstresimn, and is entrenched as much
as 700 ft in the reach from Milner to King Hill.

REGIONAL AQUIFER-SYSTEM ANALYSIS -SNAKE RIVER PLAIN, IDATIO

aurface water is used extensively for irrigation on
the eastern plain; more than & million acre-ft are di-
verted annually. Reservoir storage capacity in the
Snake River basin above King Hill increased from
about 1 million acre-ft in 1910 to zbout 5 miliion
aere-ft in 1980 (Kjelstrom, 1586). Because of up-
stream storage, Snake River peak flows have been re-
duced, and more water is available during the
irrigation season {May to October). Although flow in
the Snake River is low during winter months, it is
lowest in the summer owing to diversions for irriga-
tion.

IRRIGATION

Surface water diverted for irrigation is presently
the largest source of ground-water recharge in the
eagtern Snake River Plain. Consequently, changes in
the amount of water used for irrigation must be
Jnown to model the ground-water-flow systent. Use of
surface water for irrigation increased rapidly after
1880. Decreed surface-water rights on the eastern
plain increased from 204 ft3/s in 1880 to 25,527 ft'/s
in 1905 (Idaho Department of Reclamation, 1821,
pl. XXV). Earliest irrigation was concentrated along
Henrys Fork, the upper Spake River, and the Big
Wood and Little Wood Rivers {pl. 3); about 330,000
acres were irrigated in 1899. Irrigated lands ex-
panded rapidly along the Snake River following con-
struction of storage reservoirs and canals (table 1),

By 1928 about 1,540,000 acres were, irrigated on
the eastern plain, and by 1945 acreage had increased
to about 1,770,000, Use of ground water for irrigation
increased rapidly after 1945, and in some areas
ground water replaced or supplemented surface wa-
ter as a source. About 1,830,000 acres were irrigated
in 1959--1,430,000 acres with surface water and
400,000 acres with ground water. Most of the land
irrigated with ground water in 1859 was near land
jrrigated with surface water. However, some land
shown as irrigated with surface water in 1945 is
chown as irrigated with ground water in 1959, par-
ticularly near Mud Lake (pl. 3). In the Mud Lake
area, both ground and surface water are used for irri-
gation. Some areas reported as irrigated with surface
water in 1945 are actually irrigated with ground wa-
ter that is transported to place of application via ca-
nals. Ground-water-irrigated acreage continued to
increase and by 1866 totaled 640,000 acres; at this
same time, surface-water-irrigated acreage totaled
1,560,000 acres. In 1979, a total of about 2,270,000
scres were irrigated: 1,230,000 with surface water,
930,000 with ground water, an@RYH000 with com-

12
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TasLe 1.—Irrigated aereage, 18901945, and dates surfuoce reservoir storgge Was added,
Qnake River drainage basin upstream from King Hill

[rrigated

acree 20T

Snake River Irrigated Reservolr

from Heise acres aiong name Storage
Yeur 10 Neeley Henrys Fork (pl. 1} {acre-fest)
1890 47,000 2,000
1900 221,008 30,000 _
1905 289,000 49,000 Miluer Lake 14,200
1806 Lake Welcott 107,240
1806 Jackson Lake 300,000
150% Magic Reservoir 181,500
1910 372,000 58,0G0 Salmon River Canal Co. Reservoir 182,650
1910 Blackfoot Reservoir 413,000
1910 Jackson Lake (expanded) 380,000
1911 Dakley Reservoir 74,350
19156 423,000 62,000
159186 Jackson Lake (expanded) 847,000
1919 Mackay Reserveir 44,370
1920 451,000 65,000 ’
1821 Mud Lake 61,660
1922 Henrys Lake 80,420
1923 Fish Creek Reservoir 18,500
1924 Grays Leke 40,000
1926 American Falls Reservoir 1,700,800
1930 471,000 68,000
1936 462,000 56,000
1838 Island Park Reservoir 127,300
1939 Grassy Lake 15,200
1939 Little Wood River Reservoir 29,960
1940 483,000 70,000
1945 497,000 71,000
1948 Lower Salmon Falls Reservoir 18,500
1961 Portneuf Reservoir 23,700
1956 Palisades Reservoir 1,400,000
1975 Ririe Lake 106,000

Total storage 5,484,550

bined surface and ground water. Lindholm and
Goodell (1986, as part of the RASA study, used
Landsat data to determine irrigated acreage on the
Snake River Plain in 1880,

Canals shown in figure 6 supply the irrigated ar-

eas ghown on plate 3. The ‘Aberdeen-Springfield

Canal was comapleted in 1900, the Twin Falls South
Y T o~ e A AT il Mt Talta Narth Sida Canal

Most diversions are by gravity feed and most canals
are unlined; canal seepage losses range from 3 to 40
percent of diverted flow (Kjelstrom, 1986).

As surface-reservoir storage increased and water
supply became more reliable, irrigation practices
changed; in particular, winter diversions to maintain
soil moisture were discontinued. Use@sﬁinklers to
distribute water inereased irrigation efficiency. AboliB
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TaBLE 9 Comparisor of average arual crop congumptive irrigation
requirements

[Values in feet per year]
chorLing source and method

Sutter

Simons Norvitch and Corey Moffatt
(3955 {1966} (1578} (19803
Modified Yalue
Lowry- Jensen— Blaney— Jensen— used in
Loratiort Iohnsan Criddie Criddle Criddle present
(pl. O {1942) (1052} {1950} (1852) study
ADETdBEIL carmnisrmeris 1.8 1.23 1,48 1.3 1.5
American Fallg coereeereeers 1.8 118 1.5
ATCO vy enemernrmemisrssmsse st sersss 1.3 1.16 1.5
Blackfooh e 1.8 1.27 1.44 1.3
CLATEY eerrrermereosrrmst s 1.27 18
i TIUDOLS coerenmrresemmerss s 1.25 1.54 1.3
[daho Falls s 1.18 1.3 1.3
JOTOTD@ «errreemmresesmrssss™® 1.7 1.64 178 1.6 1.6
Mug Lake e 16 1.16 1.3
POCALEIID wweneeemmminersrreres® 1.8 1.31 1.68 1.3
RUPETH coveermsmmsersesmeres s 1.8 1.48 1.83 1.6 1.6
St AREHOTY woevmeemreses 1.2 g9 1.03 1.0
Shoshome ot 1.9 1.39 1.80 1.6

1155, Geotogicel BurveY, unpublished deta on file i Boise, idabo, offiea.

(1,8, Geologicst Gurvey, written commun.

i percent of ground—water-supplied jands are now irri-
5 gated with sprinkler systems (Kjelstrom, 1086). A
ditch-and-furrow system is ased to distribute irriga-
¢ tion water in most other areas.

EVAPOTRANSPIRATION ficient. Concurrent with the

Evapotranspiration (ET) rates used in this study
are baséd oxn CTOPR consumptive irrigation require-
ments determined by gutter and Corey (1970). These

rates represent .plant—growth r'eqmrernents minus
gmwing-seasbn precipitation;

A comparison of results using different metheds 0
caleulate ET rates at Jifferent locations in the Snake
River drainage basin is shown i table 2 Simons
(1953) used the Lowry—Johneont (1942) method, which
is based on daily magimum air temperatures above

the freezing point during the growing season. R.E.

Norvitch (U.58. Geological Survey, unpubl. data on file
o OB o amd R.L. Moffatt u.s.

The occurrenceé and movement 0

e

)

501, monthly percent of annual daytime hour
amotnt of precipitation, and erop type.
Sutter and Corey (1970} calculated BT
a modified Blaney and Criddle
similar to that used in the Jensen ;
method with the addition of & crop—growth stage coef-
RASA study, Allen and
Brockway (1983} adapted the FAO-—BIaney‘-‘—Criddle
method to Idaho. The primary
mean air temperature. Althou
grom the different methods are sl
lated by the Lowry-4d shnson metho
higher than those caleulated by sther methods. Dif-
ferences between results range from '
percent, & reasonable range of error in BT egtimates

GROUND WATER

3+ sthibion an

8,

rates using
method. Input was
and Criddle (1952)

data requirement i
gh results obtained
milar, Tates calci-
d are congistently

about 20 to 40

£ grouna water 10
the eastern Spalke River Plain depend GRS hydrau-

o anteristics of rocks that compose the geohyf}S
e Tt
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description of hydrologic characteristics of major rock
units in the eagtern piain is presented in the expla-
nation for plate 2.

Sand and gravel aguifers are located chiefly along
the margins of the plain, in’ alluvial fans, and near
present streams. Hydraulic conductivity of sand and
gravel generally ranges from 3x107% to 3 fifs (Fresze
and Cherry, 1979, ». 99), Lacustrine silt and clay
were deposited in lava-dammed streams, in local sur-
face depressions, and by eclian processes. Because
hydraulic conductivity of silt and clay ig low (from
251011 to 310 ft/s), vertical and harizonial flow is
jmpeded. In some areas, cuch as Mud Lake and the
Big Lost River valley, fine-grained sediments cause
perched water zones and significant head changes
with depth.

Largest well yields in the eastern plain are from
basalt of Quaternary and late Tertiary age. Freeze
and Cherry (1979, p. 29) indicated that the hydraulic
conductivity of permeable basalt ranges from 3x10°F
to 3x 10 ft/s. On the basis of transmissivity estimates
from aquifer tests (Mundorff and others, 1064, p. 146,
147, 153--165), hydraulic conductivity of basalt in the
eastern plain was estimated to range from 4x10* to
4x10° ftjs (GF. Lindbolm, U.S. Cleological Survey,
written eommun., 1987). Horizontal water movement
in basalt is primarily through rubble and clinker
somes at the tops of flows and between sticcessive
flows. Water moves between flow tops along joints
and at interfingering edges of rubble zones,

Davis (1969} sndicated that hydraulie conductivity
of an individual basalt flow is anisotropic; highest
values are along the direction of original lava flow,
parallel to rubble zones, lava tubes, and other cooling
features. Individual flows in the central part of the
eastern plain appear to have random directions, and
anisotropy from the alignment of many hasalt flows
is unlikely, However, large-scale fractures in rift
Zones perpendicular to the axig of the plain (pl. 2}
mey cause anisotropy over broad areas:

Tertiary basalt generally yields {nss water to wells
than younger hacalt because individual flows are
thicker and seccndary minerals (calcite, ciays, ze0-
lites) fill many voids, reducing hydraualic conductivity.
Tertiary besalt in a test hole drilled during this study
ts more massive and contains more secondary miner-
als than Quaternaiy and late Tertiary basalts
(Whitehead and Lindholm, 1885).

The upper 2,445 in a 10,365-ft deep test hole at
the INEL (Idaho National Engineering Labhoratory,
pl. 1) consists of basaltic lava flows and interbedded

B e .fluvial lacustrine, and yoleanic origin
e - e o

REGIONAL AQUIFER-§YSTEM ANALYSIS—ENAKE RIVER PLAIN, IDAHO

prevented return of drill cuftings and supported the
hypothesis that the highly porous basalts are of the
Ynake River Group. Doherty and others (1979) noted
that secondary mineralization is common in the
basalt from 1,600 to 2,445 i, and that porosity and
hydraulic conductivity are reduced accordingly.

Tractured silicic voleanic rocks yield modsrate
amounts of water; if the rocks are tightly welded, -
well vields are low. In many locations, particulariy in
fault zones along the margins of the plain, voleanie
rocks contain thermal water under confined condi-
tions. In the INEL test hole, several thousand feet of
silicic voleanic rocks below the basalt are hydrother-
mally altered, and nearly all fractures are gealed by
gecondary mineralization.

Consolidated sedimentary, metamorphie, and igne-
ous rocks that compose mountaing surrounding the
eastern plain probably have low hydraulic conductivi-
ties, but their hydraulic properties are poorly known.
Highest well yields are from fractures, faults, and
weathered zones.

WELL YIELDS, SPECIFIC CAPACITIES, AN AQUIFER TESTS

Basalt of Quaternary and late Tertiary age that
underlies the eastern Snake River Plain yields large
quantities of water to wells. Data on 336 irrigation
wells completed in hasalt indicate that about 75 per-
cent are pumped seasonally at 800 to 3,300 gal/min.
Pumping drawdown helow static water level in 68
percent of the wells was 20 ft or less. Maximum re-
ported yield from a single well completed int basalt
was ahout 7,250 gal/min. Along the margins of the
plain where sedimentary rocks are interlayered with
basali, about 50 of 60 irrigation wells are pumped at
300 to 2,700 gal/min. Pumping drawdown in 45 per-
cent of the wells completed in sedimentary rocks was
20 ft or less. Maximum reported yield from a single
well was 8,000 gal/min. These data indicate thab
wells completed solely int basalt generally yield more
water with less drawdown than wells completed in
sedimentary rocks.

Median specific capacities (yield, in gallons per
minute, per foot of drawdown) indicate the relative
water-yielding capabilities of different aguifers. Spe-
cific-capacity data feom 176 irrigation wells across
the eastern plain are presented by eounty in tahle 3.
Largest median specific capacities are from counties
in the central part of the plain (Jeffersen, Minidoka,
Lincoln, Bonneville), where Quﬁiﬁ?%ry hasalts are
thick and transmissivities high. Lowest median spe-
i o ave from counties along the sousaern
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TamE 3—Speciic rapacities reported by drillers

[Velues in gallons per mrinute per foot of drawdowi, @Ts, Q,u&ternﬂry—-’l‘erﬁary sediment; QTb,
Quaternary-’l‘erﬁa,ry basali]

Szndard

deviation Median

Minimum  Maximum

oy Ve 7 B

Number
County Aguifer of wells Mean
Bingham Qrs/QTh 16 40
Bonneville QTh & 340
Putte QTh 10 710
Cassia rs/QTh 21 1,100
Gooding QTh 5 1,500
Jefferson RTh 29 2,120
Jerome QTb 38 480
Lincoln (AN 3 320
Minideka Qs 13 840
Power QTsQTHh 21 180

QTS/QTb 8- 180

1,710 27 6400 120
280 33 gg0 360
1,220 3 3,600 130
2,910 3 10,000 40
2,920 9 7450 340
2,540 18 9,000 950
550 8 1850 200
230 57 460 450
870 28 3980  T10
220 1 750 80
310 1 760 4

Twin Falls _

dicated maximums, minimums, and gtandard devia-
tions show large areal variability in specific capacity
because of differences in well construction, degree of
development, and heterogeneity of the geologic frame-
work. This heterogeneity 1s due to the discontinuity
of highly productive zones of Tubbly basalt and sand
and gravel layers and indicates that aquifer proper-
ties change abruptly over short distances.

Transmigsivity values from aquifer tests are in-
dicative of relative aresl différences in transmissivity
but do not generally represent total aguifer transmis-
sivity. Transmissivity and storage-coefficient data
from 31 aguifer tests reported by Mundorff and oth-
ers (1964, p. 146, 147, 153-155) and by Haskett and
Hampton (19879, P. 26, 29) are presented in table 4.
Transmissivities calculated from these tests typically
represent local conditions around a partiaily pen-
etrating well. Test data indicate that the upper 100
to 200 £ of the Snake River Plain aquifer has a range
of transmissivity from less than 1.0 to 56 ft¥/s and a1
average unconfined storage coefficient of about 0.05.
The data also show & large variation in transmissivi-
ty. For example, test data from Butte County in the
central part of the plain show more than a hundred-
fold difference between Yow-and high-transmissivity
yalies for basalt of the Snake River Group.

RECHARGE

Recharge to the easternt Ynake River Plain ground-

o wgatem 15 from seepage of surface water used
= - I, [ -, e T

precipitation. Recharge from each source was calcu-
lated separately. Pumped ground weater in excess of
cron consumptive irrigation requirements (ET minus
growing-season precipitatinn} was assumed to return
directly to the aquifer and therefore was not consid-
ered a source of vecharge. The gverage recharge rate
for each surface—water—irrigated area shown in figure
7 was determined using the equation

Irrigation recharge ({ifyr) =
Tiversions—Return flows {acre-fH/5T) g (o

DiversionsReAHT o —m
Area (acres) :

(1

Assuming that the ratio of recharge 0 gurface water
diverted is reasonably constant with time, recharge
from surface-water irrigation in 1980 was about
equal to the average annual recharge from 1928 to
1980 (fig. 8).

If diversion and return-flow data for irrigation dis-
tricts were not available from. watermaster reports
(Idzho Department of Water Resources, 1980; Water
Districts 37, 37M, 1980), they 'were'calcu_iated from
1.8, Geological Survey records (1980} and from U.S.
Pureau of Reclamation data (Roger Larson, written
commun., 1981} To simplify. the estimation of irriga-
tion recharge, irrigation districts were grouped. into
areas similar to those aged by Norvitch and others
(1969), as shown in figure 7 and listed in appendix A

(Crop consumptive irrigatien-requirements ‘table 2}
were adjusted for precipitation during the Erowing
season to calculate recharge. TGgtimated recharge
rates and volume of recharge for SAREYpATt of each

jrripation area fig. 7 writhin the modeled arsa %T
Mae 4TI L 1 caad in TRE
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TABLE fi.n—-"Transmissiviﬁes and storcge coefficients determined by aeuifer tests

[Bources af date: Hackelt and Tamplo, 1979, p. 26, 28 Mundorf and others, 1864, D 1486, 147, 153-155, Aquifer:
QTh, Quahemaryw’l‘ertiary hasalt; QTE Quatemary—-'l‘ertiary sediment; — 18 data aveilablel

Speciiic
capacily Transmis-
(gallons shviey
per minute (fect
Wwell Depth per fost squared Storage
County Aguifer jocation {fzet) of drawdown} per gecond) caefficient
Blairie QTh 25-26E- 3DCC2 185 1.4 —_
Bonneville QTh 3N—37E—128D2 560 1,815 11.6 —
QTh 1N-36E- 1CCL 218 4,570 23.2 0.075
Butte QTh §N-31E-13AC1 345 61 1.1 01
QTh -13AC2 360 141 1.2 03
QTh EN-31E-10CD1 — — 2 —
QTh 4N-26E—32€B}. 263 25 11 024
QTh AN-30E- TADL 687 - 2.6 e
QTh AN-30F-30AA1 546 147 2.3 —
Qb -30AAZ — — 1.7 —
QTh -30AD1 529 — 5.1 —
QTh 3N-29E—14A01 596 2,175 a1.7 02
QTo -14AD1 — — 27.9 L6
QTb 3N»29E—24AD1 505 — 51 RE
QTs/QTh aN-30E-34BAL 6553 18 2 —
QTs/QTh gN-20E- 1DB1 681 15 2 —
Cassia QTh 1(}8—21E-34D131 473 860 9.7 2%
Fremont aTh 'TN—SBE-lGDBBé — 1,740 55.7 —
Gooding Q1h gs-158-33CCL 107 — 15.5 045
Jefferson Qb 8N-34E—11DC'J. 116 2,080 12.4 050
QTh TN-341-24AA1 106 2,500 7.1 10
QTh gN-35E-26CCL 300 — 1.6 034
JeroIne QTh 78-19E—19AA1 280 2,150 . 133 —
Th gg-19E- 5DAL 329 83 1.9 -—
QTh QS-IQE—EBBBl 208 1,470 4.3 —
QTh 108-21E—26AAA2 — 1 1.2 —
Lincoln QT 58-1TE-26AC1 254 1,610 56  —
Qb 58-18E- TBCL 224 457 5.3 —
Madison QLD 7N.38E-23DB1 226 1,130 18.6 000017
QTe/QTD GN-BBE-Z_SACBl 686 1,305 23.2 — '

Minidoka QTh 25.-24E- gAD2 358 635 3.5 014
18
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were considered 1n estimating other increases in ir-
rigated acreage. Return-flow estimates were based.
on data collected by the 1.8, Burean of Reclamation
in 1979-80 and by the 11.8. Geological Survey in
1980 (Kjelstrom, 1986). Few return-flow data are
available for past years.

Stream and canal logses also provide significant
amounts of recharge. Ynake River losses o ground
water totaled ahout 700,000 acre-ft in 1980, and
gains from ground water totaled about 7,100,000
acre-ft (Kjelstrom, 1086). Snake River reach losses
and gains in 1980 are Vated in table g; average an-
nual losses and gains for 5-year periods from 1912 to
1880 are ligted in table 9, Losses decreased in the
veach from Heige to near Blackfoot from 1912 to 1980
as a result of a rige in ground—water levels under sur-
face—water—irrigated lands near the river. Raised
gmun&-water levels reduced head differences hetween
the river and the agquifer and subsequently reduced
river losses to the aguaifer. Annual ground—water dis-
charge to the Gnake River belween Blackfoot and
Neeley wasd consistently ahout 1,800,000 acre-ft, but
annual discharge between Neeley and Milner fluctu-
ated from ahout 90,000 to 480,000 acre-it. Vartations
in discharge between Neeley and Milner prt)bably
result from wet and dry climatic cycles and from &r-
Tor in the water-budget analysis. Average annual
gr_ound—wa‘cer discharge to the Snake River hetween
Miliier and King Hill increased from abott 3,800,000
acre-ft during 1612-1b to 2 maximum of ghout
5,300,000 acre-ft during 105155 in Tesponse to in-
‘creased diversions of surface water for irrigation.
Since 1955, ground~water digcharge to the reach has
declined to ahout 4,800,000 acre-TH/yT.

section “Gmund—Water-Fh}W WModeling.” Total yolume
of ground-waler recharge in the modeled area from
surface-water irrigation in 1080 was estimated to be
abouk 4,800,000 acre-ft.

Irrigation—diversian data from the tdaho Depart-
ment of Water Resources (written COTLI, 1981)
wers used to caleulate S-year average ground-water«
recharge rates from 1928 to 1980 (appendix B). These
records are the basis for recharge rates ligted in table
8; caleulations are ghown in appendix B. Recharge
rates for most irrigated areas changed slightly over
the period of record; some fluctuations were noted
during dry and wet periods. However, recharge rates
calculated for areas i and 16 changed cubstantially
owing to large changes in jrrigated area, 88 shown o1t
the irrigated-area maps (pl. 3) Mapped differences in
jrrigated area are‘assumed to be due largely to actual
changes in jrrigated acreage but may, in part, reflect
mapping errors- Estimation errors of local scale are
p'resu'med to have minimal effect on regional analysis
of ground-water hydrology-

Rates for total recharge from infiltration of sur-
face water used for irrigation during 5-year periods
from 1891 to 1980 ave listed in table T. Calenlations
for the period 18911925 were hased on the average
recharge rates shown in table 6, along with 1899
and 1929 irrigated-acreage maps in varions combi-
nations, as listed in table 7. Variations in irrigated
gereage from 18901 to 1920 were ostimated on the
basis of information in table 1, which indicates that
about 50 perce t of presently jrrigated land above
Necley Wad put into production hetween 1880 and
1900. Opening dates of major canals, such as the
Twin Falls North Side and South Side Canals, also

—
<

T PER YEAR

- Average djverslon 1928-80

DIVERSIONS, IN MILLIONS

OF ACRE-FE
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o ¥ o) \S
& i<} & GRYS 1<)



T

otale 7,033,800 1,362,600

15ee section wGround-Water Flow Modeling."

Most canal losses were added to the total recharge
from each irrigation area. However, Decause the
Milner—Gooding, Aberdeen—Springﬁeld, and Reserva-
tign Canals lose water by seepage hefore reaching
points of delivery, they were treated separately as
distributed losses and are listed in table 10, Tribu-
tary streams listed in table 10 also were treated as
Jistributed losses because they lose all their flow to
seepage-or to BT on the plain, Losses from tributary
streams that reach the Sneke River were included
with irrigation recharge in the areas supplied by
those streams.

Kjelstrom (1086) used hasin-yield equations to cal-
o annual underflow rates from tributary

TapLe 5.—Estimated recharge from surface-water irrigation,

HYDROLOGY

water year 1980

[Values are rounded]

Recharge
Diversion— Evapotran- i modeled
return fow spiration Recharge Area ared

Arca {acre-foel Area (faet {feet in modef* {acrefeet

(fig. 7} per year) (acres) per year} ~ Pef year) (neres) per year)’
1 38,800 31,300 1.0 0.24 1,100 300
2 154,300 21,800 1.1 5.97 19.600 117,300
3 379,100 26,300 1.2 13.24 96,300 347,600
4 246,600 32,800 1.3 6.22 32,200 200,500
] 128,700 30,500 1.3 2.92 28,400 2,800
B 1,388,600 146,200 1.3 8.20 137,500 1,127,900
7 266,400 62,700 1.3 2,79 82,700 174,800
8 527,900 82,800 1.3 5.08 78200 897,100
9 227,300 29,300 1.5 .25 29,300 183,400
10 487,900 47,100 1.5 3.58 06,600 341,100
11 73,800 46,300 1.5 0 22,000 1]
12 338,500 52,000 1.6 2.53 82,000 207,600
13 48,800 17,600 1.6 1.18 17,660 20,700
14 1,022,100 179,600 1.6 4.09 179,600 734,400
15 571,900 258,500 1.6 61 229,300 133,500
16 0,800 11,200 1.6 3.80 11,200 42 600
17 245,800 49,300 1.6 3.38 48,100 162,500
18 44,900 12,000 1.6 2.16 0 0
13 67,100 18,000 18 213 18,000 38,300
20 62,600 17,000 1.6 2.08 17,000 ah,400
21 226,100 28,000 1.6 819 25,000 179,700
29 106,800 8,200 1.6 15,50 6,200 96,800
23 69,200 15,900 18 2.74 15,900 43,600
24 56,000 11,600 LB 1.50 11,600 17,400
25 94,700 27,500 1.6 1.8 27,500 50,500
28 199,200 17,100 1.6 5.96 17,000 101,800

1,244,000 4,844,400

e 70900 10 T

drainage basins (table 11). Equations incorpt
drainage area, mean annual precipitation, and
centage of forest cover &s independent variables.
efficients for independent variables were determ
from a regression analysis by using basins for w
streamflow records were available and from W
on the basis of geologic conditions, underflow wa
gumed to be relatively small (Kjelstrom, 1
Underflow estimated using rates determine
hasin-yield equations is about 8 percent of the.
age water yield from tributary drainage basins. -
Average apnusl recharge from infiltration o
cipitation on the plain wag med to vary acco
to the amount of precip;;m; doil. thickness

91
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s §.—Recharge from Henrys Fork and Snake, Big Wood, and 7ittle Wood River diversions, 1928-8C

1946-50

194145

1981-3% 1886-40

[Valoes in feet per year;

1951-b5

0.44

—, mo deta availablel

: Year

192880

105660 19605 lgge-70 197178 1976-80 average

0.1 2.15

.55 0.80 om0

1 4.33 245 499 476 6.43
2 395 2,90 3,61 3,77 4.00 4.00 4164 438 4.68 519 455 4,13
3 8.05 756 8.19 185 7g9 1239 1312 808 703 1060 8.06 9.13
4 2,80 2.53 3,11 3,10 3.19 431 163 204 2.14 21 3.7 3 44
5 4.08 1,95 3.41 1.40 1.63 3,30 378 85 1.20 3.79 318 2,50
8 8.63 1.66 822 701 8.1 ggL 1003 8.05 g6 1121 §.42 8.99
7 2.64 9,05 2.58 9.54 912 3.08 a1 234 242 2038 248 9,68
8 3,80 3.56 4,217 4,03 4,40 4.49 apg 402 4.30 438 3.96 411
9 —_ —_ _— — — — — — — — 3.86 3.86
10 1.76 1.43 1.64 1.51 171 245 961 202 2.33 4.20 3.57 2,29
11 _ _ _ _ - —_ a7 38 a7 86 8 4l
12 411 218 3.36 2,70 2.76 3.3% 343 229 277 2,05 241 2.99
13 — — —_ — — —_ 15 0 0 53 56 25
14 2.34 1.73 2,11 2,10 nog  4.83 471 3.02 3.63 496 379 3.23
15 181 151 1,54 1.84 1.02 1.96 183 127 1.44 1.87 1.2 1,62
16 5.25 1,27 1.59 9 118 1206 13.56 17.88 20.54 1.58 1.80 6.85
17 1.62 1.75 2.14 2.12 2.50 3.30 334 333 3,68 4.31 3.30 2.86
i8 517 11 53 145 1.20 B4 A1 343 245 - _ 1.90
19 — — 1.14 4 87 1.43 169 152 1.35 28 88 1,15
20 — G 55 a4 50 1.8% 177 129 1.43 2.10 162 1.15
a1 — — 5.09 3.14 3.66 6.44 779 10.86 12,24 761 461 6.0
22 —_ — 19,42  25.80 9959 6,53 594 19.54 12,87 1099 g14 1410
23 1.33 2.10 3.35 9.74 1.66 182 273 2.28 3.48 2.84 249
24 — —_ — — _ — — 28 22 23 a1 AR
85 1.39 2.0 9,28 9.75 2,14 2.05 2.67 3.64 2,26 196 296
28 991 2.73 2.90 2,77 2,23

iNp Bred inside study hounderys

infiltration capacity of the soil cover. Most recharge is
snowmelt that infiltrates during winter and spring
months when evapotranspiration rates are low. Re-
charge was varied using October to March precipita:
tipn records from ctations at Aberdeen, Ashton, Bliss,
and Idabo Falls (fig. 2). Recharge from precipitation,
shown in figure 9, was calenlated by gubdividing the
castern Snake River Plain into six areas {table 12),
which differ in soil type (fig. 10 and appendix () and
. amount of mean annual precipitatian {fig. 2). Rates of
recharge from precipitation were modified from rates
nsed by Mundorff and others (1064, p. 184) bY teking
into account goil texture and soil depth to estimate
recharge irom precipitati{m (table 12). Totel average
annual recharge to the ground-water system from pre-
> .3 i~ he ghout 700,000 acre-ft.

Stephenson and Zuzel (1981) ased a similar £
proach t0 ostimate recharge from precipitation duri
a study of ground-water recharge in 2 small ba!
underlain by basalt in southwestern {daho. They
termined that ground water was recharged by it
tration in areas of low-relief rubhly basal outer
and shallow qoils, and in bedrock channels dur
runoff and channel flow. Recharge took pace @
0.8 to 1.2 in. of rain fell with a 24-hous periot
after higher intengity cloudbursts. Stephensont
Fuzel (1981) also determined that the time from
end of precipitation to the groﬁnd-wat.er-level 1
depends only on coil depth.

Variations in ¢rihutary-stream losses, undet
from tributary drainage basins, and rechsrgeé
precipitation during b-ye Ri{Srvals betWéeﬁ

22



HYDROLOGY F1i

Tapre T.—Total rechorge from surfoce-water irrigation, 1831-1980

Total
rechargs
Irrigated acreags Recharge (acrefeet
Yerts {pl. 3} (rable 6) per year)
1891-95 .50 % 1889 acreage Average 1928-80 730,000
18961500 1.00 x 1899 acreage 77 Q0. rerereee 1,450,000
1901-05 0.65 x 1828 acreage, greas
1-10; 1.00 % 1880 acreagst,
areas 11-26 7 do. ceeerees 2,220,000
10036-10 0.80 x 1929 acreags, areas
1-10; 1.00 = 1899 acreage,
areas 1126 TR < s 2,660,000
191115 (.90 x 1928 acreags,
areas 1-10; average of
1899 and 1928 for
areas 11-206 v 00 e 3,590,600
1916-20 0.05 x 1929 acreage,
areas 1-10; average
of 1899 and 1829 for
areps 11-26 7 IS F 4,040,000
162125 182Y . erveereeemmeremssmmammees it G0, reeneenn 5,130,000
1926-30 DT BRI L 1028-30 4,610,000
1931-35 Average of 1928 and 1945 ... 1931-36 4,170,000
193640 Average of 1928 and 1945 .. 195640 4,650,000'
1941-4b FL VT SRR ' 194145 4,620,000
1946-50 L7 SURRRSREERERES S 1946-50 4,860,000
1951-56 1BBQ L orsseeeararemimnremrr e 195185 5,400,000
165680 TOBO Losecreresmismssmmrss i 1956-60 5,560,000
196165 TOBB rererenesers e 198165 4,850,000
1966-70 T Y: < IR Rl 1966-70 5,200,000
197176 T 1 JTRTR Uy 197175 5,750,000
1976-80 10T o oreeerssirrspmsesismm s - 1876-80 4,600,000

along the reach from Milner to King Hill (Kjelstrom,
1986): This amount is about 70 percent of gaged flow
at King Hill in 1680. Most springs discharge from ba-
<alt of the Snake River Group along the north side of
the river. HE. Covington (U.S. Ceological Survey,
written commun., 1083) determined that the alti-
tudes of northi-side springs areé controlied by several
factors: (1) altitude of the contact between relatively
impermeable Banbury Basalt and basalt of the Snake
River Group, (2) tocation of lake clays; and (3) loca-
tion of relatively impermeable' 1dsho Group {Glenns
Ferry Formation} cedimentary Tocks, .

Most major springs along the Snake River irom
Milner te King Hill Jischarge from pillow lavas and
bagaltie sands. HEB. Covington (U.3. Geological Sur-
vey, written commun., 1983) Guscribed the pillow la-
gas as basalt that wes deposited in & lake hezhind 2
java dam in Aan ancestral Snake River canyon. As
1gva continued to figw into the canyon, a Sequencs of
dense lavas was deposited downstream from the dam,
whereas pillow lavas were deposited nERYR. Pillow

23

and 1980 are listed in table 13. Flows in streams and
underflow crogsing the northern boundary of the
eastern Snake Biver Plain were estimated using cot-
relations with the long-term streamflow hydrographt
of the Big Lost River below Mackay Reservoir (L.G.
Kjelstrom, 1U.8. Qeological Survey, Written cOmInuTh,
1383). Underflow from tributary drainage basins
along the southern boundary of the plain was esti-
- mated using correlations with the long-term record of
the Portneuf River at Pocatello.

DISCHARGE

GEEpS AND DPRINGS

Ground-water discharge from the eastern Snake
River Plain aguifer system is largely seepage and
gpring flow to the Snake River in the reaches from
Blackfoot to Neeley and from -Milner f0 King Hill.
During the 1980 water year, about 4,700,000 acre-ft
N end o WETE discharged to the Spake River
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TapLy 10.—Avercge annual fributary-streamm and conal [osses fo
the ground-waier system

Tase B—Snehe River losses o and gains from ground woter
water year 1980

[From Kjelsirom, 1986] [Stresms shown on pl 1t cempls ghown in fig. g; WA, not appiicablel

Consumptive

Logs () or gain
water use uUpsEAT

e
Reach {gaging-station (cubic fest  (morefect Loss from the bou.mfaq' :
locations showi oft ph 1) per second)  peT ycar} (-ﬂcrc‘fﬂ:" of the plaln
Name per year) {zcrefeel per year}.
Heige to LOTRDEO wiwersmmsssrsieseen 120000 -148 ~105,000 . . -
Lorenzo o TowiSvillE crmimarsnsessss 289 204,040 B}g Lost RIVET wvroerieserresntrt™ 51,000 85,000
- Little Lost BIVEE o 12,000 16,000
Lewisville to GREILEY wrnpmrrmiesreess -379 ~-274,000 v
Medicine Lodge COreak oo 30,000 4,000
Shelley to at Black{ooh ca e ~153 ~111,000
Beaver Creek e 31,000 1,000
At Blackfoot to-neat Blackfoot v -270 196,000 G Creck 63,000 9 000
Noar Rlackfoot 10 Neelsy 2,620 1,902,000 gonas (reelt - = : :
L. 7 Milner—Gooding Clanal iosere 07,000 NA
Neeley to Minidoka: ieememroessersiee 179 130,000 Aberd Sord 14 Canal 95 000 XA
Niidulka to MITDET rnicrss 132 96,000 | Boce e pémgfie amal .. 0 N
Milner to Kimberly (north ide) .o 30 21,000 ese(xl*‘v?; ;en BT wewrpmememet st 390’000 65,000
Milner to Bimberly (south side) e 266 193,000 OBELS e ’ :
Kimberly to Bubl (north side) wieen 1,112 807,000 it o aved o irclgation be
Kjﬂlberly t[} Bkl {south side) R 110 BU,OGO Additional stre How availeble for T charge belore OTIE tion begri.
Ruhl to Hagerman {north side} v 3,456 2,508,000 .
Buhl to Hagerman (sc_mth gide) oo 150 109,000 | lavas generally are unsorted, coarse gratned, poorly
Hagerman to King Hill omiracsrarnensn 1,412 1,025,0{}0 indurated, and have ex{;remely hlgh pGI‘DSity and hy‘_
Totl J0SS eerrrcnsemsss s sstes _ga7  -687,000 draulic conductivity. Fighly permeable pillow lavas
Total BRI v omersssmrsnssss= 9,756 7,081,000 and the interconnection of ancestral canyons make

the hasaltic aquifer along the river reach from Kim-
berly to Bliss highly trapsmissive.

In many places, the top of the Banbury Basalt de-
fines the lower Jmit of major spring emergence along
the present canyon hetween Twin Falls and Bliss.
However, not all springe discharge from in gitn Qua-
ternary basalt, Many springs discharge from talus
aprons at various altitudes ahove the canyon floor; &-
few appear o discharge ¢rom older Banbury Basalt.
From test drilling and examination of roadcuis along
the canyon, Whitehead and Lindholm {1985, p. 17
saggested that fine-grained sediments of the Idaho

TasLE 9.—Onake River losses to and gains from ground water
1812-80

Average snnual loss {~) OF gain
hewween gaging stations {acre-feet PET year)

Near ' .

Heise t© Blackfoat Neelgy  Miluer 1o Grqup contrf)i some spring-vent altitudes. A't some lo-
Years _ear Blackfoot 1o Neeley o Miner  King 1l cations, springs discharge from coarse-grained flood
_///‘—‘/ debris on the canyod fgor or directly into the river.

1912—15 —73{},0{:‘0 1,860,000 139,000 3,769,000 Grgund-water dlschgrge (ma_miy Spring ﬂow) from
1916-20 _740,000 1,810,000 920,000 4,020,000 | the north side of the Snake River increased dramati-
1921-25 ~670,000 1,880,000 100,000 4,280,000 | cally after 1911 as a result of surfece-water irrigation
1926-30 “gaa'ggg i’gig’ggg 140’003 4‘263’630 in Gooding, Jeromse, and Lincoln Counties (fig. 11).
1051-35  -B10; e .90'00 4,650,000 Spring flow continued to increase until about 1950~

_ 55 and pezked in 1951 at about 6,800 ft¥fs. Spring
193647 620,000 1,800,000 180,000 490,007 flow generally hae declined since she 19560’s and was

1941-45  -550,000 1,850,000 210,000 5,040,000 : ' > 1901 7
1046-50 400,000 1,850,000 920,000 5,170,000 shout 6,000 ft¥/s in 1680. Generally, individual spring

1051-556 330,000 1,880,000 200,006 5,290,000 discharges 818 towest in April before irrigation begins

195669 ~340,600 1,330,000 200,000 5,130,000 and highest in October just after irrigation ends.
Both short-term and long-term fluctuations in spring

1961-65 460,000 1,850,000 140,000 4,860,000 discharges are strongly and rapidly responsive 1o’
156670 ~560,000 1,810,009 230,000 4,980,000 changes in recharge from irrigation. .
18667 “lanooo  L770.000 48000 5060000 | Ground-water discharge fro < vs and seeps on
L= anopo 1,830,000 280,000 4,810,000 | the south side of the Snakenggeﬁrom Milnér t0
24
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HEYDROLOGY 19

Directly north and east of American T'alls Reser-
voir, major springs and seeps discharge along the
Snake and portneuf Rivers. Most discharge is from
the sand and gravel aguifer that underlies the Snake
River flood plain seom Blackfoot 0 American Falls
Reservoir. Details of geology in the immediate
springs ares are poorly known, as there are 1o deep

TABLE 11i.-—Estimoted underflow from fribubary drainage basing

Underilow

e reiee——"
Name {cubic fest {acre-feet
per second)  per year)

(pl. 1)

e —— 156000 | U hols on the o plei. Bast 10 U plaiz,
Medicine Lodge Creek 13 9’0[}0 several hundred fect of zand and gravel overlie hasalt
Warm Springs and Deep Crecks oo 42 30’,00(} {pl. 2, section DD Quaternary bgsait predominates
Birchy CEEI st 108 78000 | o fhe west, In the immediate vicinity of American
Falls Reservoir, lacustrine sediments confine water
Little 1ost RIVEE ccmrmsssmmemrsserereesees” 214 155,000 | that discharges as Springs where confining beds are
Big Lost RIVET courmrirssssmmmmssssrsoeser 408 295,000 ahsent, such as along the Portneuf River. Fifty to
Fish Creok 1o rmanessis s 8 5,000 eighty foat of flood deposits from the Pleistocene
thﬂte WOOd RIVET 1ecnirrersearmrssmemmrantisss 25 18,000 bre‘a}iout Qf Lake Bonnevﬂ}_e (_Ma]_de, 1968’ Y 21)
Gilyer CLEEK s 3 53,000 | gverlie the previcusly mentioned sand and gravel de-
Big Wood RIVET cnesemrrsrs 14 10,000 possi{.:s in part of the area. .
Thorn CIEek st 8 6,000 ince 1912, mean annual grouncl—water discharge
Clover Ok st ettst 14 1OFOD(} to the Sneke River from springs between Blacldoot
Salion Falls CTEek s 55 100000 | 209 Neeley has been consistent, averaging about
Gottonwood, Rock, and Dry Creeks 20 14000 | 2,000 fiéfs (fig. 12). River gains from ground water
measured in 1902, 1905, and 1908 of less than 2,000
(0020 CTEEK wrrmmsrermmsrmmmsressssmst e 39 98,000 | fts indicate that some of the measured discharge in
Baft TIVET coversrverarssrsssermimssninter s i00ees 116 84,000 | 1912 may be attributed to recharge from irrigation.
Rockland Vatley (Rock Creek) v 70 51,000 | Spring discharge appavently was not affected by the
Bannock Cfeek 30 92000 | filling of American Falls Reservoir in 1024,
Portnetf BIVED creesmmmsssssesrmsss o B7 63,000 The Snake River from Lorenzo to 1 ewisville (pk. 1)
Lincoln and Ross For Creeks s 5 4,000 %ains ground water during the irrigation season but
e iiogh RIVET cricsrsrmmsnsss o0 13000 | oron ground water the yest of the year. Gains &%5
WlﬂDW Creek ....u. 40 29,000 Ilkely frﬂm Sand and gTﬂVB]_. that ﬂUm'priSB the B.].luVJ.'
ke REVET wonreerrmsramresssrassmss st 20t 10 7000 |2l fan around Rigby. Acuifer recharge from surface
Rexburg Benehl et 26 18,000 water irrigation is as much as 8 f/yr, During the
1080 water yearT, the Lorenzo to Lewisville reach.
gained about 209,000 acre-ft of water (Kjelstrom,

Teton River and Henrys Fork . 4 3,000
w 153 111,000

——m e

EIGEATS ©ovssesesss s ssn st 1984 1,435,000

Big Bend Ridge area .. 1986).

GrouND-WATER TUMPAGE

Pumpage of ground water for irrigation increased
rapidly after 1945. By 1959, ehout 400,000 acres
were irrigated with ground water; by 19686, 640,000
acres; and by 1979, 930,000 acres, oF 40 percent of*.
the irrigated lands on the eastern Snake River Plain.
Amounts of pumpage were estimated from acreages
shown on plate 3, and consumptive jrrigation reguire-
ments are given in table 2. About 30,000 acre-ft of
water were pumped for irrigation in 1959, 920,000
acre-ft in 1966, and 1,480,000 acre-ft in 1973. Water
pumped in excess of consumptive irrigation require:
ments was assumed to return to the aquifer.
Ground-water pumpage for irrigation in 1980 was
estimated from slectrical power- @%mption data
(Bigelow and others, 1988). An es & 1,760,000
2b

Hagerman generally is gmall, about 500 ft¥/s in water
year 1980 (table 8). Hall of the total was along the
Milner to Kimberly reach; from Kimberly to Buhl, an
unmeasured amount of ground water i discharged to
fiold drains and tunnels. The smaller amount of
spring flow frem the south side of the Snake River is
likely due to a reduction in hydraulic conductivity of
basalt. Mundorif and others (1964, p. 73) reperted
that water levels rose as much as 200 ft in the Twin
Talls area after irrigation began in 1907 Many fields
became waterlogged and draing were gonstructed.
These observations indicate that the transmissivity
gouth of the Snake River is generally lower than that

U e vt laaalt aomfer. ‘
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HYDROLOGY ol

acreft of ground water were withdrawn from shout | or April. An example of this type of flyctuation 18
4,000 wells to iprigate about 930,000 acres. Some | shown by the hydrograph for well TN-SSEwZBDBAl
pumped water was returned 10 the aguifer from. canal |18 Madison County. This well shows ahout 5 b of
loss and field seepage. Therefore, pumpage astimated yearly head change in response o surface-wateT ir-
data was compared with es- rigation. In ground-water—irrigated areas, water lev-
timated consumptive jrrigation requirements, and the | els aT® nsually highest from Ogtober through March
gmatler of the two estimates was used to determine and lowest in July or August. Az example of this
net ground—water withdrawal. Net ground-water type of fluctuation is shown by the hydrograph for
withdrawal in 1980 was estimated te ha about well 5N»34E-QBDA1 in Jefferson County. This well
1,140,000 acre-ft, oY about gwo-thirds of total | shows about 4 ft of yearly head change in response
consumption data. to ground-water pumpeage. The strong influence of
pumpage for other uses in 1969 was estimated by jrrigation on ground~water levels is shown by the
Young and Harenberg (1971, p- 99.-24) to be apout hydrograph for well 4S~24E-6BBCL Although this
34,000 aere-ft for municipal 18€, 7,000 aere-ft for - well is more than 20 mi from irrigated areas water
ral and dorpestic use, gnd 38,000 acre-ft for industrial levels fluctuate seasonally in response o irrigation.
1se. Goodell (1985} estimated that in 1980, about | OF the six hydrographs shown, only the ’nydrograph
40,000 acre-ft were pumped fox manicipal 0se, 9,000 | for well 3N—29E-14ADD1 does not show seasonal
acre-ft for rural and domestic use, and 44,000 acre-ft flictuations.
for industrial uwse. These estimated, aonirrigation Water levels also rise and fal} in response to cli-
d water are about B percent of esti- matic trends. Most of the hydrographs on plate 4
show water-level rises from about 1964 to 1976 in re-
sponse to above-nq‘rmal precipitation (fig. 4). Surface-
water diversions ulso were above pormal during this
REGIONAL GROUND-WATER FLOW period because more water was available (fig. 8.
Therefore, it seems likely that the water-level riges
al aguifer system | Were due to an overall increase in water supply,

Ground-water flow in the region
underlying the eastern Snake River Plain is generally rather than golely due to B increase in recharge
ion of precipitation on the plain.

perpendicular to waber-table comtours (pl- 4) and i8 from infilfration ©
from major recharge areas in the northeast o dis- Tn several areas oo the eastern plain, challow flow
charge aveas in the southwest. Most recharge takes | systems have developed locally in glluviam. Shallow

place along the marging of the plein and in surface- gystems are usually along loging river and canal

Water-irrigated areas; most discharge is from gprings reaches and in areas where eXcess water 18 applied

along the Snake River near Americatt Falls Reservolr for irrigation. In these areas, Jownward water move-
and from Milner to King Hill. A pompparison of water- mexnt 18 impeded by ﬁne-grained sediments. Shallow
table contours for 1928-30, 1956-58, and 1980 (pl. 4) ground—v\rater gystems have developed near the lower
indicates that regional ground—water Jevels and the Henrys Fork near Rexburg; in the Rigby Fan, Mud
divection of flow have been relatively ctable in the Lake, Rupert, sud Burley areas and near the mouth

“plain for the past 50 of the Big Lost River neal Arco. In these areas, water

central part of the eastern P
years. HoweveT, batweer: 1890 and 1920, water levels {evels in ghaliow wells completed 11 alluvium 8ré
n those in nearby deeper wells. In the

Tose et locations in the southwestern end of the east- | Righer tha
ain (table 14), and gpring flows Rexhurg ared, hydraulic heads in piezometers 300 to

ern Suake River Pl :
increased (g 11) in response to surface-water irriga- | 800 ft below land surface are 90 to 45 ft lower than
tion of large tracts of land on the plain. By 1929, | in wells less than 100 ft deep. Hydraulic heads near

most surface water for jrrigation was appropriated, Righy are 20 {t higher i the upper allnvium than in

and since 1940 amountslof ground water withdrawn | deepel hasalt, In the Mud Lake area, where highly

for irrigation bave increased: Hydrographs on plate 4 permeable hasalt is interfingered with less permeable
g to

show that, despite strong seasonal yariations, sedimentary rocks, heads in shallow wells are
ground-’water levels have generally declined in-most | 200 ft higher than in deeper wells, The same ig frue
areas gince gr‘ound-water pumping intensified in in the Rupert—Burley area, Where head differences
about 1950. are 60 to 200 ft, and at the mouth of the Big Lost
In addition to showing & long-term decline in River, where head differences hetween ghallow an

water levels, hydmgraphs on plate 4 show seasonal | deep wells are 300 £ 700 fb. Some of the water in
and short-term climatic effects. In surface-water- challow systems is perched and ultimately leaks

i loyelg are usually highest threugh an msaturated zone s RGeS the deepel

AR Aonal systett. _ 27

froma power—consumptian

pumpageé estimated oM power-

uses of groun
mated total withdrawals for irrigation.
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F24 REGIONAL AQUIFER-5YSTEM ANALYSIS-—SNAKE RIVER PLAIN, IDAHO

Water levels in piezometers at test hole 4N-38E-
123331,2,3,4,5 (fig. 13) in 2 vecharge ared decrease
with depth. piezometers 1, 3, and 5 are completed in
majer aquifer zones sepsrated by clay wnite. Hydrau-

TARLE 13, —Recharge from tributary giraais, underflow, and
precipitafﬁun, 191180

cre-feet per year; tocations shown o0 oL 1

[Values in &

North side lic-head differences hetween zones &Te several fens of
— couth side? foet, whereas head differences yetween plezometers 2
Years loss Uederhow  undesflow precipimion’® and 3 (completed in the upper basall aquifer and

lackdng clay unita) are smatl. Water-level changes 10
gll piezometers jndicate seasonal water-level riges
and declines It response to surface-water irrigation.
Highest water levels are in summer and early £all;
lowest levels are in early spring. Water levels in pi
ezometer 1 typically peak in June or July, whereas -
water levels in piezometer 5 usaally peak in Septem-
ber or October. The time l2g in head change with
depth probably i due to the offect of clay units with
low hydraulic conductivity. Both the g0-ft head
change with depth and seasonal fluctuations of about
0@ ft are, in large part, attributed to the application
of surface water in excess of crop consumptive vse
requirements and the presence of clay units. In the
vicinity of test hole 4N-38E-12BBB1,2,3,4,5, ground-
water recharge i8 about B ft/yr. '

In several areas ot the easlern plain, deeper wels
have higher heads then shallower wells. Upward gra-
dients have been defined 1o ground—water—discharge
areas neaxr American Falls Reservoir and along the
Qnake River from Milner to King Hill. In hoth areas,
the regional gr‘cmxld—water gygtem discharges horizon-
tally and vertically to the Snake River a8 spring flo®
and seepage. However, on & local scale, the same ared
also receives recharge from surface-water irrigation.

Upward gradients also are evident mear the Bob
orts area betweend the Snake River and Mud Lake

e T

1911-20 200,000 1,060,000 480,000 740,000
1g21-30 170,000 900,000 460,000 650,000
1g31-36 120,000 650,000 280,000 620,000
1036-40 150,000 780,000 340,000 820,000
104145 210,000 1,110,000 420,000 §70,000
1946-50 180,000 040,000 490,000 790,000
195155 200,000 1,050,000 400,000 510,000
1956-60 180,000 1,630,000 370,000 £30,000
1og1-65 200,000 1070,000 400,000 700,000
1g66-70 240,000 1260,000 420,000 700,000
197176 240,000 1,300,000 700,000 976,000
1976-80 190,000 1010,000 450,000 700,000

Averape 190,000 1,000,000 440,000 700,000

Inciudes Clover Creels, Thorn Creek, Big Wood River, Sitver Creel, Litile
Wood River, Tigh Cregk, Big Loat River, Little Lost River, Birch Creek, Wearm
Bprings Creek, Deep Creek, Medicing Ladge Creek, Beaver Creel, Oamas Creek,
and Big Bend Ridge ared. Flows varied uping the gREe 00 the Big Lost River ab
Mackey 48 80 index.

fneiudes Salmon Fells Creek. Cottonwoad Creck, Roek Creek (Twin Fails
County), 0¥ Cresk, Gooze Creek, Raft River flock Creek {Power Countyl.
Rannock Creek, Porinend River, Linceln Creek, Rosa Fork Creels, Rlackiout
River, Willow Creel speke River, Rexburg fench, Teton River, and Henryé
Fork. Flaws veried ueing the gege o8 the Portneuf Hiver ab Poeatello pe BRI
index.

sgstimated from (Qotober o Warch preni‘pitation at Aberdeen, Ashton, Bliss,
and Idaho Fails stations. )
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TaBLE 14.~Grounul—water—leuel chonges

{From Mupdorfl and ethers, 1964, 7 1641
Depth Depth Water-
1o waler 1o waler jevel
{faet pelaw {feel below rise
Well Jocation Date tand surface} Date tand surface) {feel}
BE-183E- ghDh Refore 1901 430 1959 360 80
S-15E-28BA 1809 94 1959 62 32
78-15E-33 1901 180 1559 150 40
7§-15E- 3 1807 215 1959 190 25
55-15E-31 of a3 1807 145 1959 116 35
85-17E- 241 1890 Dry at 280 1962 210 70
BS-l’YE—lQBBl 1807 342 1954 208 44
83—18E—150G 1907 318 1859 200 118
48—19E~26DA1 1913 330 1967 311 19
98—19E—15AC 1907 252 1959 180 92
03-19E-26 1912 189 1859 127 62
GS-2OE-15DA Before 1901 341 1950 200 - 141
78-238- 5 Pefore 1901 265 1959 210 55
g5-258- 1CB1 Before 1901 375 1959 186 190

98-24Em29AA1 101 19561 5¢ 42

1908

present study, and results were summarized by
Whitehead and Lindholm (1986). The water level in
piezometer 5 is about 155 ft. higher than the water
level in piezometer 1, The test hole is in & regional
discharge ared for the eastern plain that includes
Thousand Springs, about 12 mi southwest of the drill
site. Silt and clay between piezometers 1 and 4 and
massive basalt petween piezometers 4 and b are con-
fining units. The water-level rise from May ta No-
yember i8 i response to appl_ied jrrigation water (ph
3) and canal jeakage. Although water levels in the
three piezometers peak at about the same time, the -
smaller rige in piezomete_r 5 c_ompa_red with that in

Around the northeast end of American Falls Reser-
voir, water levels in wells completed pelow fine-
grained lakebeds are about 20 & higher than water
levels in wells completed 10 the challow alluvivm.
The lakebeds confine water in anderlying sand, grav”
gl, and hasalb aquifers. Springs Jischarge to the
Gpake River, Sypring Creek, and the Portneuf River
whera the strearms nhave eroded throongh the confining
lakebeds. In the Roberts qrea, deep wellg have heads
50 to 130 ft higher than shallow wells. Ground water
is likely confined by lakebeds: gimilar to those in the
Mud Lake ared.

Water levels in piezometers at test hole 78-15E-

12CBA1,4,5 (ig- 14)ina discharge ares jncrease with
depth. This test hole was drilled as part of the

piezometeT 1 probably ig due to jmpedance of flow
through confining zones.

S

85

) 8 3,000
ga

s pﬁ:‘( 2,500
R

<

= 000

3



WATER LEVEL, IN FEET BELOW LAND SURFACE
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| and sutiace about 3,600
teet ahove sed level

228

i
75-15E-12CBA1

230

100

22 Bpasalt

234

200
235
L Water table
Piezometet 1
238 (Open 252-262)

(Piezometel 1) 300

240
Basalt
400 %
; Gravel
164 7777 siltstone

75-15E-12CBA4

166 so0 - 5 sand

168

170 600

Basalt
172

{Piezomelef a} | piezometer 4

IN FEET BELOW LAND SURFACE

{Qpen 565670}
174 td‘ 700
-t
By
=
=
800 Ash, basalt
12
751 5E-12CBAS
14
900 /\/\
s oo
)-\/ Massive basait
Vo
18 ->.’
{(Piezomeler 5) 1,000 -
s
- \
50 AFPR. JUNE AUG. OCT. DEC. FEB. APR. JUNE >;‘
1982 1983 giltstone
4,100 —— Pigzomater § .
YEAR ’ % {Open 1101-110¢]
1!1 BU Sand

woemw 14 —Hydrographs and lithologic o test hole '?S-lﬁE»lZCBAl,él,S. (Location shown &R .49 CRYS
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[N FEET BELOW LAND SURFACE

WATER LEVEL,
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g

Land surface about 4,830
foot above 564 tevel

J

Missing dala A
~ 1

10
15
20

!
I
I
|
1
1
|
!

100

-
[

25 = gNasE-12BBE1
20

Gravel,sand
200

20
Piezometer 1

25 A ' /Missingdaﬁa (Opan 180-275}
30 4 !
“\ ; Y | |\\ !\\‘ /\ \ /\
35 \\ : '5 E ‘\ II 4 i \‘ \l i \‘
40 VL PAT LA 800
‘-j ! { \ ! t \ y
45 ] ; i AN \ =)
AN-3BE-12BBB2 i (Piezonietet 2) A
%0 pe] : Clay
o :
% 400 Sand
w
20 i} Clay
25 / Missing dala E
A
EY P £\ NN M { - ——— piezometer2
35 \ FA oy Yooql = (Cpan 472-478)
\ i i g Vo
40 \ ! i ! iy \ \ S
45 % i AN Vo \ =
) s’ —— piezometerd
50 aN-38E~128BH3 {Piezometera) e (Dpen 542-548)
55 =
3
=600 -~ 1] Basalt
. (&
’1_ /\/
] '
Kissing data ﬁ ?,
hY
\ =) N
. 700~ [}
R v
ow A S piezometer 4
DN (Cpat 752758}

{Piezomete! 4)

Gravel, sand, clay

800 % Rhyaolite

70 . Missing datel
900

105 AN-38E-12BB85
Clay

1,000

Jo71 1072 1973 1974 1975
1,026

1976 1077 1078 1979 1980 1081 1982
YEAR

FIGURE 13‘.-—Hydmgmphs and lithologlc o8 test hole 4N-38E-12BBBL2,3,4,5. (Location chown on pl. &
CRYS
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GROUND-WATER-FLOW MODELING

A longitudinal flow section from & major recharge
area, Henrys Fork, to a major discharge area, Thou-
sand Springs, is shown in figure 15. The regional
aquifer underlying the eastern plain generally is un-
confined, but local confined conditions are apparent
in the Mud Lake ares, where the weater-table gradi-
ent is steep (pl. 4) owing fo intercalated basalt and
fine- to coarse-grained sediments (Lindholm and cth-
ers, 1988). The fine-grained sediments likely confine
flow and reduce overail aguifer transmissivity. The
steep gradient between Arco and Lake Walcott (pl. 4)
may be due to decreased transmissivity along a rift
zone (pl. 2) where dikes may have healed fractures
perpendicular to the divection of ground-water flow
{Lindholm and others, 1988).

The steep gradient near the Snake River is due to
thinning of the basalt aquifer (pl. 2, section A-A")
and reduction in transmissivity. Little or no
underfiow leaves the eastern plain because the Snake
River is a regional sink, as indicated by the converg-
ing flow lines in figure 15,

GROUND-WATER BUDGET
A water year 1980 ground-water budget was con-

piled for the eastern Snake River Plain (table 15). A
net Joss in aquifer storage of about 100,000 acre-ft

was caleulated from. water-level changes measured in.

observation wells in water year 1980 (fig. 16). Stor-
age coefficients used to calculate change in aquifer
storage were 0.05 for basalt (aquifer-test data,
Mundorff and others, 1964, . 158) and 0.20 for sedi-
. ments. The caleulated change in aguifer storage O
pares favorably with the residual from the
ground-water budget in table 15,

The most accurate estimates in the water year
1980 ground-water budget are of Snake River gains
and losses; errors of thase estimates range from 3 to
10 percent. Estimates of recharge from surface-water
irrigation are less accurate because ET values uged
in caleulations are empirical, BT is particularly diffi-
cult to estimate for large areas with varying climatic
conditions and crop fypes. Estimates of recharge from
tributary drainage hasins (streamflow and underflow)
vary in accuracy because
streams is medsured directly, whereas discharge from
other streams js estimated from basin-yield equa-
tions. Change in aquifer storage wdg calculated using
data from widely scattered shservation wells and es-
timates of the aguifer storage coefficient and is,
therefore, approximate. The estimation of change in
storage does, however, compare well with the re-
gidual from the ground-water pudget, not only in sign

' pet residual (table

discharge from some

F28

Tanrs 15 ~—Ground-waier Budget, waler year 19580

Recharge Acye-feet
Surface-waber HTIEAtIOTL .o 4,840,000
"Tyibutary drainage-basin wnderflow o 1,440,600
Direct precipltation .o 700,000
Snake RIVET 108888 e st 690,000
Tributary-stream and canal OSEEE orerrerervenreesnne 350,000
TUOEAT veemseereessrsaseseersbas s neearasssa st 8,060,000
Discharge
Spnake River BaIDS e .. 1,080,000
Ground-water pumpage (et) .. 1,140,000
TOEAL 1avsosveresstosmseassnrassbassns s sasnape s e 3,220,000
Change in aquifer storage (budget residual) ...... -160,000
Estimated change in aquifer storege from
water-level CHEREES v cmmiminssarscens ~100,000

The least accurate estimates in the water year
1080 ground-water budget are of recharge from infil-
tration of precipitation. Although precipitation is
measured at several sites, aquifer recharge {rom pre-
cipitation cannot be measured directly. Mundorff and
others (1964, p. 184) estimated that recharge from
precipitation is about 500,000 acre-ft annually. Given

-the. difference. in sizes. between _the area studied by ..

Mundorff and others (8,400 mi?) and that used for
this study (10,800 mi®, the difference in estimates
(200,000 acre-it} is reasonable.

Although individual budget-item errors may be
large, the overall budget error is small. The similaz-
ity between change in aquifer storage and the bud-
15) is due fo compensating
errors in celeulations of ET, basin yield, and re-
charge from precipitation.

GROUND-WATER-FLOW MODILING
APPROACH

The approach used in this study was to develop a

“digital computer model of the esastern Snake River
Plain regional aquifer system for testing varicus coi-

cepts of regional ground-water flow. Modeling pro-

gressed in stages from two-dimensional steady-state

simulations to three-dimensional steady-state and
epansient simulations. Results and conclusions from

each stage are documented; the emphasis in this Te-

port is on the final stage of modeling. CRYS
The digital computer model is & mathematical
i of tha oround-water-flow system.
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GROUND SHATERA

Modeling complex aquifer systems requires several
stmplifying assumptions. The validity of model as-
quroptions can be judged by how well field conditions
ave simulated. When model results approximate field
hydrologie conditions within reasonable limits of
error, the model 15 assumed to be calibrated and
¢alid for hydrologic analysis.

The goal of modeling was o simulate known agqui-
fer condifions (head and spring Jischarge) within red-
sonable ranges of values and fo define the hydrologic
effects of changes in model input data through sensi-
tivity testing. Because model gplutions are not
unigue, 4 model can be calibrated using physically
unrealistic input dafé. Some adjustments of model
parameters made during model calibration areé justi-
fied on the hasis of available evidence; other adjust-
ments, although not justified with available dats,
may indicate where additional data are needed. Dif-
ferences between cimulated and measured bead and
spring discharge also indicate areas where model re-
finement i8 needed.

Model input data for thig study are based on geo-

logic and hydl_:ologic information with varying degrees
streamilow measurements

of accuracy. For example,
are considered accurate within about #H percent,
which corn-

whereas agquifer hydraulic conductivity,
monly 18 ectimated by indirect methods, may he in
error by cne to several orders of magnitude.

Initial values of aguifer hydraulie properties, Ie-
charge, discharge, and pumpage Were estimated for
model input. Model output then was compared with
knowi agquifer conditions to Jetermine the reason-
ableneas of the initial estimates. The model was
tested to determine its gensgitivity to changes in
transmissivity, storage coofficient, aguifer leakance,
recharge, riverbed or spring-outiet conductance,
ground-water pumpage, and boundary flux. Imput
data were varied within reasonable Tanges to achieve
a better fit to known conditions. Adjustments, were
made to least known and to most cemgitive model pa-
rameters. Simulation esults indicated how the aqui-
fer might have vesponded to past stresses, such as
increased pumping and reduced recharge and how
the aquifer might respond to hypothetical future

stresses.

ASSUMPTIONS

gystem, aggumptions
ping aguifer properties, hydraulic
conditions for traneient analysis.

3 i this sectiorn

To model the regionat aquifer
were made concel

Awns. and initial

FLOW MODELING w3l
modeling sections. Ground-water flow
Le laminar and the Darcy flow equa-
A three-dimensional fnifte-difference
(McDonald and Harbaugh,
1088) was used most extensively i this study. Verti-
cal variations in head within each modsl layer Were
assumed to be negligible, and head losses hetweenl
layers were ggsumed to be controlled by conining
beds near the base of each layer. Therefare, model-
simulated heads are an approximate average of
heads within that aquifer layer. '

Tocal aquifers perched above the regional aquifer
gystem were not simulated, although recharge to
perched aquifers was assumned to ultimately reach
the regional aquifer. Vertical hydrawiic conductivity
was assaumed t0 he anisofropic owing 0 low-
hydraulic—conducﬁvity basalt between permeable flow
tops and fine-grained layers within sand and gravel
ZODES. Horizontal hydraulic copductivity was 85"
gumed to be ;aotropic because two-dimensional simu-
jations indicated_smaﬂ differences in modeling
results between isotropic and apisoiTopic conditions.

For steady-state mo alysis, ealoulated 1980
water-year fluxes (table 16) were assumed to spproxi-
mate the average anpuat flux for the period 1650-80.
Thuring that period, hydrologic conditions were gtable
relative to conditions from 1880 to 19560, Ground-wa-
ter recharge was agsumed to equal discharge (steady-
state conditions) for the period 195080 because
irrigation diversions d-water levels were
relatively stable (fig. 8 and pl. 4). Ground~water-1evel
declines due to pumping, cGimatic variations, and de-
creased surface-water diversions during that period
were generally <mall;, and changes in storage were
accordingly small (about 1 percent, tahle 16). Ap-
proximate steady-state fluxes were computed by in-
cluding these ¢mmall changes in storage as part of the
recharge term. Recharge from irrigation was assumed

qubsequent
was assumed o
tion applicabie.
ground~water—ﬂow model

to take place directly below surface-water—irrigated
areas.
Tor 1891 to 1980 transient caleulations, 5-year

4 to sdequately represent
long-term variations in fluz. It was also assumed
that initial (preirrigation} conditions could be &P~
prexi_mated by removing recharge due to gurface-
water irrigation apd ground-water pumping from
the calibrated ateady-state model. Surface-water al-
titudes, used in the model for river-leakage simula-
tions, Were corrected for prereservair eonditions.
The estimated preirrigation steady-state condition
was a stable jnitial cendition for transient simula-
tion; therefore, simulated changes @ﬁgssumed to
changes in model input, not fr§m

averages were AgsliIme
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TapLE 16.—Sieady-state madel mass balance, water year 1980

[Values In enhic feet, per second]

Gutﬂow

vap

@ m PP

Inflow

Specified flow o 2,740

REChATEE voervcresreesnnns 7,800 | B. Wells ..o
" Spake River losses' .. 1,140 D. Snake River gaing® ...

RS

TOAAL cvevevemersssescrennens 11,680 Total oo

. Specified flow includes the following:
Tributary drainage-basin underflow simulated as recharge wells (table 11

S¢ream and canal Josses {818 10) cerversenmmismmsemmssssories

Trrigation-returi Fow in Mud Lake BrBA .imrsrrser st -

Tntal

_ (round-water diseharge includes the following:

Total ground-water pumpage ..o

Irrigation-return flow jn Mud Lake ared

Net ground-water pumpage (table L) oo eeseese s R T

_ Ground-water recharge includes the following:
Surface-water frrigation (table 5)
Precipitation (table 15)
Change in storage {table 15)

Tf}ta‘l

. Ground-waber gain from or ioss to the Snake River and tributaries:

Snake River réach

Hagerman to King Hill
Buhl to Hagerman e pereres

N
Milner to Kimberly
Minidoka to Milner
Neeley to MInidoKa o e

Near Blackfeot to Neeley v

. At Blackioot to near BIACKFOOD 11 evvrssiessisssssrmsressssssssssa st s s
. Shelley to st Blackfoat
. Lewisville to Sheiley
. Lorenzo to Lewisville wowresseeminimn o

. Heise to LOrenzo oo

Tributaries

. Lower Hemrys Fork
. Lower Salmon Faslls Creek

Tetals ‘.

\Logset and gaing toteled oo & block-by-hlack hasie
17 ,ppaee and going toteled for each viver reach,

................

Calenlated
loss (=)
or gain

~1,530
3,830
1,430
~100
0

-20
2,640
200
160
370
40
180

~30
-40

I

-8,750

e——]
PROTEARSEE

1,780
-220

[

1,570

—_——

[

6,690
gna
140

—

7,800

PREREE-
I

Measured
lass {-)
or gain
~1,410
-3,610
~1,220

-300
-130
~180
-2,620
270
156G
a80
-280
160

-120
0

RSN

8,930

JE—
AN,

CRYS
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TWO~DIM’ENSIONAL STEADY-STATE SIMULATIONE AND
PREVIOUS MODELING S TUDIES

A nonlinear, least-squares regression technique for
estimating aquifer parameters Was initially applied
to the regional ag ifer system in the eastern Bnake
River Plain. The application and results are ex-

plained in an earlier report (Garabedian, 1086); only .

major points are repeated hete.

The parameter—estimation computer program is
based on a technique qutlined by Cooley (1977, 1879,
1982) for two-dimensional steady-state ground-water
flow. Hydrologic data for the 18980 water year
(steady-state conditions agsumed) were used to caleu-
late recharge rates, poundary fluxes, and spring dis-
charges. Ground-water use Was eatimated from
irrigated-land maps and values of crop consamptive
use, These mass-flux estimates and riverbed or

gpring-outlet conductances (hydraulic conductivity of

confining bed and streambed divided by bed thick-

ness) were used as fixed values during each model

simulation for the calibration of transmissivity. Be-
canse the parameter—estimation model can calibrate
some parameters automatically, bub nat all parame-
ters at once (without prior information), some param-
eters were held fxed during the model run but were
sdjusted for betier model fit for the next Tun. River-
bed or _Spring-outlet conductance values were ad-

justed befween gimulations by comparing simulated

spring discharges with mea.sure.d discharges.
Simulation results indicate 2 wide range in aver-
age transmissivity from about 0.05 to 44 s (g 17)

and, in average riverbed oF spring-outlet condue-

tance, from aboub 9x10°* to 6x10° (ft/s)/ft. Along with

parameter values, model statistics were caleulated,

including correlation coefficient between gimulated
and measured heads (0.996), standard error of head
estimates (40 T8, and parameter coefficients of varia-

tion (zbout 1040 percent). The high carrelation coef-
ficient indicates 2 good statistical fit between

simulated beads and measured heads in the regional

aquifer. About 96 percent of simulated head values
were within 80 ft of measured head velues. The coef-
fieient of variation for simulated model parameters
can be used to form confidence limits for these esti-
mated parameters. : ‘
Estimated transmissivity- values were lowest
along the margins of the plain, where model errers
were highest. Model errors, particularly along plain
margins, were likely due to violation of the assump-
tion that ground-water flow i two dimensional and
Y wiate Model fit improved'siightly when ¥

o —-—-—--:nn;v‘:'!',v 'V?I]_-

result may be due to the impedance of flow in the
vicinity of the northwest-trending rift zone between
Arca and Lake Waleott (ph 21 The difference be-
tween x and ¥ transmissivity in modeling results 1s
slight (about 50 percent), which indicates littie Te-
gional anisotropy across the modeled area: The gig-
nificant decrease tq transmissivity immediately
upgradient from the rift zone may be related t0
fracturing and, possibly, subsequent healing of frac-
tures by later movements of magma.

gimulated heads were most sensitive to changes in
recharge and, in some areas, transmissivity (particu-
larly near gprings aleng ihe Snake River from Miiner
to King Hillh Modeling results also were sensitive to
the distribution and number of the discretized zones
{fig. 1. As the number of zones (and model param-
eters) was increased, model fit generally improved;
however, the tendency for NCNCONVergence also in-
creased, Therefore, 2 sufficient pumber of zones Wers
nsed to achieve & good. model fit and «til] maintain
model stahility and convergence.

Transmissivity valies of the regional aguifer sys-
tom ohtained by the preliminary two-dimensional
steady-state simulation (g 17} were compared with
values obtained by'Mundorff and others (19684, pl. 6)
(fig. 18), Norvitch and others (1869, p. 37) (fig. 198),
and Newton (1978, P §7-71) and are presented in
table 17. In the central part of the plain, the trans-
missivity ¢alies are similar in all four studies, a8 in-
dicated by high and low values. Major differences
were noted along the margins of the plain where the
nodel resuits were consistently lower.

Along the margins of the plain, hydraulic head
penerally decreases with depth and recharge is pre-
dominant. Where heads increase with depth, such as
hetween Blackfoot and Neeley and between Milner
snd King Hill,- discharge predominates, though re-
charge from surfece-water jrrigation alzo may take
place. Three-dimensional cimulation is needed O
properly simulate the vertical variations in head: In
the central part of the plain, heads generally do not
change with depth, and flow is largely worizontal and
two dimensional.

THREE-DIMENSIONAL GRUUND-WATER-FLOW MODEL

As described in the preceding parts of this report,
the regional aquifer system in the eastern Snake
River Plain is three dimensional. Simulation in WO,
dimensions is an oversimplification hecause heads
change with depth in areas of re@RRgg and dis-
charge. Therefore, in the RASA study, @ three-

e e wodel was the fif{}a'
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TapLs 17— Comparison of published transmissivity
values with fwo-dimensional steady-state regression
resulis

Values in feet sguared per second; », greater than; <, less

than; —, no data availeble]
Munderff  Norvitch Garabedian
Model and aric regression
zane others gthers Mewton results
g, 17) (1954) (1569 (L978) (1986}
1 — — — 0.16
2 8 11 8 12
3 b 3 B 084
4 15 15 10 9.1
B 15 11 30 B2
B 30 20 35 a7
1 — <3 3 8.2
8 11 o] 2 12
9 B 8 3 B3
10 >30 16 6 1.0
11 30 50 35 44
12 1 8 4 BT
13 b 2 25 7.9
i4 15 <8 3 9.2
15 >30 30 g 13
16 - —_ on 15
17 =30 1 10 44
18 8 3 10 A7
19 e — —_ 050
20 B 8 ] 13

An equation describing three-dimensional flow of
ground water is

2 (Kngil-)+§—(K Bh)+ d (I( ah)'mq(x,y,z,r]=sx%?, (2)

E‘; dx By ¥ E E; Zegg
where
x,v,z = Cartesian goordinate direction
(length); .
K. K, K, = hydraulic conductivity in the specified

coordinate direction (lengthftime);

h = aquifer head (length)
g = flow from or into the aquifer from cut-
side sources or sinks {1/time);
S, = specific storage (1/length); and
t = time,

Equation {2) describes ground-water flow in a het-
erogeneous and anisotropic aquifer, and coordinate

w37

axes must be aligned with the major axes of hydrau-
Tic conduchkivity. For most preblems, an analytical s0-
lution to equation (2) cannct be obtained, and

approximate methods of solution are used. A finife-

difference approximation to equation (2) using the no-
tation arcund aquifer block Z, 7,k as shown in figure
90 is (McDenald and Harbaugh, 1948)

m m n
CR 1;‘&(5. e AR A (B e 2

iJ ~3 L,j+—2—,k i!jfk)

c m R ) ( rt _pm
+C g.._l., -,k(h -3,k R ij.k +ch+ij,k k [ BN h ik
2 2"
m L m g
+Cvi,j,k»—~;~(h Lj.k-1 K i,j.k)+mrf,j,k+§(h i,f.hx1 h :‘J.k)

+CRIV e (Ri._r',k -k, j,k) + Rk

i) -1
(h T s,f,k)

I~ Tm-1

(3}

= 8 ilj'k(AR.,-AC,:AVk)

where an example of the CR, CC, and CV coefficients
ig

-  OAGTRyTRijae
R
LJ*"E";‘ ER!‘,_}'JLARHJ)'*‘(TRE.ji—}JcARj)

Here, CR is the harmonic mean of conductance at
block faces along rows, where

TR, ., = transmissivity of block 1,7,k along the
TOW,

AC, = block length along columns;

AR, = block length along rows,

AV, = block length along layers——similar ex-
pressions for conductances along col-
umns (CC) and layers (CV) can be
made;

CRIV,,, = conductance of a riverbed or spring out-
let, where hydraulic conductivity
times river width times river length
divided by riverbed thickness equals
conductanee;

R, = river-stage or spring-outlet altitude;

ik = recharge or discharge (wellsh and
e head at time step m.

In the modeling process, an aquifer is discretized
into a number of blocks, and a set of algebraic equa-
tions similar to equation (3) is used to represent flow
into and out of each block. These equations are solved
simultancously, usually using afl iterating solution
technique to solve the flow squation (equation 2). The
large number of caleulations requires the use of &
computer

CRYS
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GRID AND BOUNDARY CONDITIONS

The eastern Snake River Plain was subdivided are-
ally as shown in figure 21. Blocks within the model
boundary {(active blacks) were assigned values of
transmissivity, storage soefficient, and recharge.
Blocks outside the model boundary (inactive blocks)
were assigned vatues of zero. The grid was aligned in
& southwest to northeast direction to minimize the
pumber of inactive blocks and to elign the x-ax¥is in
the principal direction of ground-water flow (pl. %)
Point of origin of the mods!l grid (southwest corner) is
ot lat 41°55'10.00", long 114°28'55.00". The Trans-
verse Mercator projection gystem was used with a
central meridian of 113°30'; the model grid was r0-
tated 31°24' counterclockwise from tha central me-
ridian. The grid used in the three-dimensional
model is parallel to that uged in the two-dimen-
sional model, but the grid spacing is slightly
greater—a& mi in the three-dimensional model as
compared with 3.95 mi in the two-dimensional
model, An even-mile grid facilitated use of Landsat-
derived land-use data.

Horizontal and vertical boundaries of the active
part of the model were treated as gpecified flux and
along the Snake River as head-dependent flux. Re-
charge wells were used to simulate underflow from
the tributary drainage hasing (table 11).

t+1, | K

Modified from McBonald and
Harbaugh (1988, fig. 3

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKH RIVER PLAIN, IDAHO

The Henrys Fork, Snake, and pPortneuf Rivers and
Sglmon Falls Creek (pl. 1) were represented by river
hlocks (head-dependent flux) within the modeled
area, as shown in figure 21 Model rows and columns,
along with river-stage oF spring-outlet altitudes, ri-
verbed or spring-outlet conductances, and leakage-
cutoff altitudes are listed in table 18. River-stage or
spring-outlet altitudes were eatimated from topo-
graphic maps; estimates of riverbed or spring-outlet
conductances were from two-dimensional modeling
results. The leakage-cutoff sltitude is the level below
which leakage from rivers reaches a maximum value.
This level was arhitrarily set at 80 ft, below river
stage along all xiver reaches and at the same altitude
as spring vents to malke these blocks discharge areas.
The reiztion of river stage to aquifer head and how
that relation controls water movement between the
river and the aguifer are shown in figure 22, The rate
of river leakage is proportional to the difference be-
tween Tiver stage and head in the aquifer until aqui-
for head drops below a leakage-cutofl altitude. Once
the aguifer head drops below the teakage-cutoff alti-
tude, the river Jeakage is constant and is no longer
head dependsot.

The regional aguifer system was subdivided verti-
eally inte model layers as shown in figure 23. As-
signed layers weIe of equal thickness because
differentiation of the predominantly hasalt aguifer
system. into distinet geohydrolegic unita was not pos-
sible. Layer 1 represents the upper 200 ft of the agui-
fer system; layer 2 is the next 300 ft below. Layers 1
and 2 contain both Quaternary basalt of the Snale:
River Group and Tertiary hasalt. Layers 3 and 4,
however, are of lesser areal extent and are present
only where basalt of the Snake River Group and
interlayered sedimentary rocks are greater than 500
ft thick. Layer 3 is 500 £ or less in thickness and i8
present only across the central part of the plain.
Layer 4 ranges in thickness from 0 to ahout 3,000 f
in the central part of the plain. The base of the mod-
eled system in the central part of the plain was esti-
mated largely from elactrical-resistivity soundings
and a few deep drill holes, Underlying layer 4 and
forming the aseumed base of the regional aquifer sys-
temn are Quaternary and Tertiary silicic volcanic rocks
and Tertiary basalt. -

Basalt thickness and generalized distribution of
rock types in layers 1 throngh 4 are shown oo plate
5. Basalt is the dominant rock type in layer 1 in the
central part of the plain; minor occurrences of rhyo-
lite form isolated buttes in the central part and along .
the northeastern margin of the plain (pl. 5). Most’
sedimentary rocks along the b %ﬂgy of the plain.
are fine grained, except in the Henrys Fork-—-Righy
Bre A B ¢ Hall-Portneuf area, the mas’
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aniE 18.—River-block locations, stoges, riverbed or spring-

Row

o o To 02 B

oo -3

10
11
12

13

14
16
ih

16
16
16
17
17
18
18
17
18
17
17

17
18
18
i9
18
20
20
a0

20 .

20

19
19

40

[Alsitude, in feaf, relers &

REGIONAL AQUIFER-SYSTEM ANALYSIS—SMNAKE RIVER PLAIN, IMAHD

autiet conductunces, lenkage-

cutoff altitudes, and reach numbers

o distance shove sea level; row and cclumn numbers shown in fig. 211

Column

River
altirzde

Conductance
(leakance
% river-
block area)
{feet squared
per secand)

Leakage-

curoff
altitude

Pl ol o Cnof= G L0 W

o~ -3 O &

[l

1t
12
13
13
14
14
15
16
18
1N
18

19
19
20
i9
20
21
22
23
24

25

26

27
aR

2,500
2,650
9,725
2,800
2,900
3,050

3,050
3,600
3,050

3,100
3,150
3,200
3,300
3,500
3,600

3,700
3,850
3,850

4,130
4,130
4,130
4,130
4,130
4,130
4,130
4,130
4130
4,130
4,150

4,190
4,190
4,150
4,190
4,180
4,190
4,190
4,180
4,200
4,240

4,355
4,355
4 ARAR

0.134
J134
134
184
134

40.0

40.0
40.0
46.0

1.3
1.3
13
1.3
1.3
13

60.0
60.0
60.0

20
20
.20
20
20
20
.20
20
20
20
20

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
0446

0446
D448

2,600
2,650
2 725
2,800
2,900
3,050

3,050
3,000
3,080

3,100
3,150
3,200
3,300
3,500
3,600

3,700
3,850
3,850

4,100
4,100
4,100
4,100
4,100
4,100
4,100
4,100
4,100
4,100
4,120

4,160
4,160
4,160
4,160
4,160
4,160
4,180
4,160
4,170
4,210

4,325
4,325
4,365

Reach

e —————

Number

Y

b5 b I

[P RO O R VE RN

PN S

[ I B B A M B S LR LA

RE |

MName

Snake, Hagerman to
King Tl

Spake, Buhl to Hagerman

Snake, Kimberly to Buhl

Snalke, Milner to Kimberly

Snalee, Minidoka to Milner

Snake, Neeley to Minidoka

Snake, near Blackfoot
Neeley; Portneut, %RYS
Poeatello to mouth
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Tapts 18.—River-block locations, sfcges, riverbed or spring-outlet conductances, leakage-
cutoff ottitudes, and reach numbers—rCDntinued

Conducance

{leakonce
¥ oriver
block ares) Leakage- Reach
River (feat squared cutoff’

fow. Column aliwde per tecond) atiitude tumber Name

18 29 4,356 0.0446 4,358 i Snake, near Blackfoot to
17 30 4,380 0446 4,380 7 Neeley; Portneuf,
18 30 4,855 0446 4,355 7 Pocatello to mouth
7 31 4,380 11.0 4,380 7 (eontinued)

18 31 4,855 11.8 4,355 7

19 at 4 360 11.0 4,360 7

20 3t 4,370 11.0 4,370 T

17 32 4,380 11.0 4,380 7

18 3z 4,380 11.0 4,380 T

17 33 4,400 11.0 4,400 7

17 34 4,440 100 4,410 8 Snake, at Blackfoot to
17 35 4 475 10.0 4,445 8 near Blackfoot

16 36 4,500 1.3 4,470 9 Snake, Shelley to at
16 37 4,530 1.3 4,500 9 Blackioot

16 38 4 560 1.3 4,530 9

15 39 4,600 1.3 4570 g

15 40 4,625 2.5 4,595 10 Spake, Lewisville to
14 41 4,700 2.5 4,670 10 Shelley

11 47 4,760 2.5 4,730 10

12 42 4,750 2.5 4,720 10

13 42 4,740 2.5 4,710 10

10 43 4,770 258.0 4,740 11 Gnake, Lorenzo to

i1 44 4,800 25.0 4,770 il Lewisville

12 45 4,860 2.0 4,830 12 Spake, Heise to Lorenzo
13 46 4,950 2.0 4,920 12

14 48 4,880 2.0 4 850 12

10 46 4816 i 4,785 13 Henrys Fork, Ashton
10 45 4,810 N 4,780 13 to motth

10 47 4,830 N 4,800 13

10 48 4,869 N 4,830 13

10 48 4910 N 4,880 13

10 50 5,000 i 4,879 13

B 3 3,200 1.34 3,200 14 Salmon Falls

o 2 3400 134 3400 14

9 gre similar to those in layer 1 coarse-grained rocks

predominate in upper reaches of the SnaEREWer and

Henrys Fork, and fine-grained rocks predominate 47
B s+ ioito mmouths of

Creck area, and the Big Lost River allivvial fan. Sedi-
o 1ocks are thick along the Snake River up-
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Quaternary

Basalt as much as
the central part of

basalt wit
interlayered, fine-grained gedimen
fined to the central part of the

REGIONAL AQUIFER—SYSTEM ANALYSIS——SNAKE RIVER PLAIN, JDAHC

3,000 ft thick dominates layer 4 in,
the plain.

EXPLANATION
Y WATER TABLE

<— DIRECTION OF WATER

River stage less

MOVEMENT

+ L aakage {fiverlo arquifer)

D

River stape more
than aquifer head

~Leaknge {aquiferto rver)

e, 13 lgar otage, and

L relatively miner,
tary Tocks is con-
plain in layer 3.

T‘RANSMISSIVITY, LEAKANCE, AND STORAGE COEFFECIENT

Model transmissivily was caleutated for pach &C-
tive block using hydraulic conductivity for each rock
type thable 19) Jistributed by zones across the plain
(pl. 6), The thickness of each rock type in each layer
is shown 01 plate 5. Hydraulic—conductivity values
were calibrated (along with other model input param-
eters) 1o achieve an acceptable match between three-
dimengional steady-state simulated heads and
measured hends. Isotropic conditions were assumed
for horizontal movement of water. Previous efforts to
improve model fit using gnisotropic transmissivities
indicated little evidence for reglonal anisotropy in the
ground-water system.

Hydraulicvconductivity values given in table 18
were used to caleulate transmissivities of layers 1
and 2. Transmissivity values for each block in a layer
Wera calcutated by multiplying the thickness of each
vock type for that block (pl 5) hy the rock hydrau]ic
conductivity (table 19, Pl §) and adding all the indi-
vidual rock-type trangmnissivities to obtain the total
layer transmissivity. During model calibration, by-
draulic—cenductivity values given in table 19 were 1€~
duced by one-third for layer g and two-thirds for
layer 4 to account for decreasing hydraulic conductiv-
ity with depth. Average transmisstvity values for lay-
ers 1 through 4 are chown on plate 6. The range i
vaiues of combined transmissivity for all Jayers in the
three-dimensional model exceeded that for the two-
dimensional model because of finer definition of aqui-
fer properties and greater vertical resolution of head.

Vertical flow the regional aquifer system was
gimulated a8 leskage between model layers. Vertica'
jeakage wWas calenlated using a leakance parameter
defined as the vertical hydraulic conduchivity dividet
hy the distance between vertically adjacent blocks
McDonald and Harbaugh {1988, p. 5.19) referred ¢
this parameter by the Fortran variable name, Veont
The leakance parameter was caleulated for model i
put in the following manner: _

1. Each model hlock was subdivided into identif
able rock-type subunits; for example, & block of layt
1 might consist of the following rock types and corT
sponding thicknesses!

Thickness {feet}

Rock type

BaSElb e 148
gand and gravel e i0
Gand .aveennernenersee 20

Clay and sill e GRY 20
Siticic volcanics .o S 50
200

Tintn] PhickTI8S cnneaier
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PapE 18 —Hydraulis conductivities by rock type, medel layers
Tand 2

[Values in feet per second]

e

Rock gpe

Sand
Bagalt, and gravel Sand
Zone (%10} (=107 (%107
1 0.052 11 0.11
2 8.5 50 80
3 B50 73 73
4 9 17 37
B 803 110 1.1
§] 2.4 47 .63
1 2.1 41 41
B 56 140 1.4
9 A5 - 1.5 076
10 5.7 110 1.1
11 3.8 3.8 3.8
12 23 75 6
13 580 2,000 10
14 1,100 1,800 19
15 11 71 71
16 230 a3 38
i 61 338 .66
18 0 1l 1.1
19 a0 1,700 1.7
20 150 71 1
21 580 83 83
22 50 28 28
23 120 83 B3
24 446 83 B3
25 2.9 a9 A9
26 200 48 A48
27 63 47 .62
28 3 58 BB
23 1.5 31 31
30 3.9 11 A1
31 18 28 26
" 32 380 38 38
33 420 210 2.1
34 250 300 .30
35 68 148 66
36 606 1,500 600
37 15 15 23
38 150 83 83
39 120 18 18

AN

ann

260

26

Clay
and silt
(%1077

2.3
e

2.3
15

2.3

2.3

2.3
.38
75
75

B8
2.5

.38
2.3

.38

2.3
2.3
2.3
2.3
2.3

2.3
.38
2.3
2.3
2.3

2.3

2.3

2.3
.78
38

b
2.3
2.3
2.3

.88

1.5
2.3
3.8
2.3
2.3

Silicic
yoleanics
(thyaolite}

(=107}

7.5
1.5
7.5
7.5
7.5

7.5
7.8
1.5
7.5
7.8

7.5
7.5
7.5
1.5
7.5

7.5
7.5
7.5
7.5
7.5

7.5
1.5
1.5
7.5
1.5

7.5
7.0
7.5
7.5
1.5

7.5
7.6
7.5
1.5
1.8

7.5
7.5
7.5
1.5
7.8

9. Vertical hydraulic conductivity for each rock-type
subunit was calculated by multiplying hydraulic-
conductivity values in table 19 by a model-calibrated
vertical-to-horizontal anisotropy factor (used across the
entire modeled area):

Rock type Anisotrafy festor (K /K, }
Basalt i 0.0l
Sand and gravel ... 1

Sand ...oceemereearinan 05
Clay and silt e 05
Silicie voleanics .o .01

3. Vertieal hydraulic conductivity for the hlock was
calculated using the rock-type subunit values in an
equation for average hydraulic conductivity for a se-
ries of layers (Freeze and Cherry, 1979, p. 34):

K- 7 D ' (4}
ED; {E;
s
where
K_= block vertical hydraulic conductivity,
D, = total block thickness,
D, = rock-type subunit thickness,
K, = rock-type qubunit vertical hydraulic conduc-

tivity, and
n = number of rock-type subunits.

4. Leszkance was calculated using a harmonie
mean between vertically adjacent blocks:

. o[ K1 Kae) 5
(KiDe)+ (KesD)” ®)
where

[, = leakance between blocks 1 and 2,

, = block 1 vertical hydraulic conductiviby,
K, = block 2 vertical hydraulie conductivity,
D, = block 1 thickness, and
D, = block 2 thickness.

The harmonic mean was used to calculate leakance
hetween blocks because if either block were inactive
(K ,=0), the calculated leakance veliie would be zero
and a no-flow boundary would exist. Average
leakance values between model Jayers are shown on
plate 7. Between layers 2 and 3 and layers 3 and 4,
leakance was Zero in some zones and a no-flow
heundary was specified. :
Storage-coefficient values were calculated for layer
1 using the distributions of rock & own on plate
5 and the specific-yield values as : basalt, .05,
sand and gravel, 0.20; sand, 0.20; silt and ciayi:-l(ﬂz{];

?
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and silicie voleanics, 0.05. These values of specific
vield are consistent with the results from aquifer
tests in unconfined sediments and busalis. The aver-
age storage coefficient for each zone in layer 1 is
chown in figure 24. Below layer 1, all layers are con-
sidered to be confined aquifers and are assigned 2
storage coefficient of 0.0001.

STEADY-STATE SIMULATIONS

The primary objective of steady-state three-
dimensional simulations was to calibrate aguifer
transmissivity, leakance, and riverbed or spring-out-
let conductance values such that the simulated heads
reasonably matched heads measured in 1980. Three-
Jimensional modeling results generally were better
than two-dimensional results because simulation of
head changes with depth in recharge and discharge
areas gave a more realistic representation of the re-
gional ground-water flow. The mpproach used in
steady-state three-dimensional simlation was fo cal-
culate recharge to the regional aquifer system and
then to use this information (along with measured
heads) as a basis for calibrating the aquifer parame-
ters. Recharge for steady-state gimulations was based
on 1980 water-year data and wag distributed to each
block using the following expression:

: ITHRE Vo
By = 4B 1y | 724 acrer- ftL SW"A“j("J)”’(f.J}*M(f.j) ' (6)
y

k=l

where ‘
RB,, = recharge rate for block (i,j) in feet per
gecond; '
AB,, = area of block (.7}, in square feet;
SW, = recharge rate for irvigation area (k) (table
5), in feet per year,
A = total acreage for irrigation area (%) in

3
block (1,j), in acres;

Py= recharge from precipitation in block (.5
(table 12), in cubic feet per second; and
AS,, = change in storage per unit time in block
(i./), in cubic feet per gecond.

Snake River, Henrys Fork, and Salmon Falls
Creck gains and losses wexe simulated using river
blocks (fig. 21). Other stream and canal losses (table
10), tributary drainage-basin underflow (table 11},
and average ground-water pumpBge in water year
1aan (Fe. 25) were simulated as recharge or dis-

Mass-balance caleulations for steady-state simula-
tions are shown in table 16. Each category of model
flux (wells, recharge, river leakage) includes both
positive and negative values owing to the use of each
flux category for various components of aguifer inflow
and outflow. For example, wells were used to simu-
late underflow from tributary drainage basins and
stream and cansal losses, as well as outflow from irri-
gation pumpage.

A comparison of water-table contours based on
simulated heads {(layer 1} with contours based on
measured water levels in 1980 is shown in figure 26.
Cenerally, simulated and measured heads (and,
therefore, divection of ground-water flow) are in close
agreement in the central part of the plain. Differences
between caleulated and measured heads are signifi-
cant along the margins of the plain; in the upper Ca-
mas Creek, Mud Lake, snd Goose Creek areas; and
near the Snake River from Milner to King Hill.

The difficulty in obtaining a goed match batween '
simulated and measured heads is due in part fo
major changes in aquifer properties over ghort dis-
tances. The large block size of the regional model {16
mi?) also precludes gimulation of small-scale, local
variations in head, especially where head gradient i
steep. In the Camas Creck area, gradients are steep
and the basalt aquifer is thin; consequently, gimula-
tion was diffienis, The Mud Lake and Big Lost River
areas include shallow (perched) aquifers, which were
not simulated. Ground-water levels in the Goose
Creek zrea ate declining as & result of pumping, and
the noneguilibrium (transient) condition cannot be
simulated accurately with the steady-state model.
Near the Snake River from Milner to King Hill,
changes in hydraulie conductivity over short dig-
tances cause local changes in ground-water levels
that could not be simulated with the regional model.

Qimulated head differences befween layers 1and 2
are shown in figure 27. Largest differences are in ma-
jor recharge and Jischarge areas along the margins of
the plain. In these areas, only layers 1 and 2 are at-
sive in the roodel (pk B). Reasonable matches of simu-
lated and measured head changes with depth were
achieved in the Righy Fan area (near 1deho Falls),
the Burley area, and the major discharge area in
Jerome and CGooding Counties. Although increasing
head with depth is indicated in the area northeast of
American Falls Reservoir, most measured head dif-
forences between layers 1 and 2 are 10 to 20 ft rather
than 5 ft, as simulated. Simulated and measured
head changes with depth also were difficult to match
i the Mud Lake and Big Lost Rive . probably

9303
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TapLE 20, —Comporison of published hydraulic-conductitity
voiues with those used in this study

[Velues in feet per secondl

Hydraulic conductivity

(Freexze ant Gherty. Table 19
Rack type 1579, p. 29) {this report)
Basalt oeevreeeiinmraieas 3.07-5x107 0.31-5.2»10°
Sand and gravel ... B-1x10-5 0.2-7.5x107
Band ovveeceererrrsemmens 0.08-3x1077 0.0647.5x10’8
Clay and silb .o 5x10--3x107° 2.3%1076-3.8x 107"
Silicic voleanics ... Bx10-2x107° 7.5¢107°

The steady-state model was calibrated by adjusting
zonal hydraulic-conductivity values {table 19) and
river-block conductances (table 18) within reasonable
ranges. Rock-type hydratﬂicwconductivity values were
adjusted to achieve an acceptable match between
steady-state cimulated and measured water Tevels
and spring discharges, and estimated river-leakage
values. Although several previous investigators
(Mundorff and pthers, 1964; Norvitch and others,
1969; Newton, 1978) reported transmissivity distribu-
tions for the regional aquifer, areal hydraulic-conduc-
tivity values shown in table 19 are the first to be
reported for this aquifer. To demonstrate the reason-
ableness of model values, & comparison between pub-
lished hyd;raulic—conductivity ranges (Freeze and
Cherry, 1919, 0. 29) and ranges used in this study for
transmissivity and leakance calculations {table 19} is
presented in table 20, Lowest values of hydraulic con-
ductivity are along the margins of the plain and in

" the Mud Lake ares, where Lasalt is interlayered with
sedimentary rocks. Highest values are in the central
part of the plain, where voleanie activity is most re-
cent and sediment interbeds in the basalt are few.

Riverbed or spring-outlet conductance values were
adjusted to provide a reasonable match between simu-
lated and measured river leakage or spring discharges.
Conductance values along the Snake River are low
along the Hagerman-to-King Hill and Minidoka-to-
Milner reaches, and in the vicinity of American Falls
Reservoir, where 1ow—hydraulic—conductivity laeustrine
deposits predominate. Conductance values are high
along the Milner-to-Kimberly and Buhl-to-Hagerman
reaches, where highly transmissive pillow lavas fill
ancestral Snake River canyons and confrel the loca-
tions of large springs-

TRANSIENT SIMULATIONS

The objective of three-dimensional transient simu-
e enluate the ability of the model to

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDATO

system, Tvaluation consisted of comparing madel Te-
anlts with 18801880 measured changes in water lev-
els and ground-water discharges. Tnitial head
conditions for transient simulations (fig. a8) were de-
rived from a steady-state simulation of estimated
preirrigation hydrologie conditions. tppuf for the
preirrigation simlation included recharge from pre-
cipitation (fig. 9), stream losses (table 10), and river-
hed or spring-outlet conductances (table 18}L
Preirrigation underflow was estimated by adding flow
+ estimated underflow values in table 11 to compen-
sate for upstream consumptive use.

The general configurations of the simulated
preirrigation. water table (fig. 28) and the March 1980
water tahle (fig. 26) are gimilar. As might be ex-
pected, the general divection of ground-water flow, in-
ferred to be perpendicular to equipotential lines, is
the same on both maps. In nearly all places, the
preirrigation water table is lower than the water
table in 1880. However, near the mouth of the Big
Lost River valley, the preirrigation water table is
higher than the March 1980 water table owing to
greater tributary drainage-basin underflow before ir-
rigation in the valley began.

In places, the simulated preirrigation water table
was more than 200 &t below the altitude of the March
1080 water table. Preirrigation water levels were be-
low the bottom of layer 1 in the steady-state three-
dimensional model. Therefore, layers 1 and 2 in the
steady-state model were combined to form a three-
layer model for transient simulations. In the north-
eastern part of the modeled area (upper Camas
Creek area), the simulated preirrigation water table
was more than 500 f below the altitude of the March
1980 water table. In that area, initial heads in the
transient model were modified so that they were 100
ft ahove the bottom of the layer. The three-layer
model with the modified initial conditions was =
merieally stable during all transient simulatiens.

Eighteen B-year stress periods (time intervals dur-
ing which all external strésses are agsurmed to be
constant) were used to sirmlate trangient hydrologic
conditions from 1891 to 1980, Recharge from surface-
water irrigation for each block in the top layer of the
model was calculated for each stress period using the
vecharge rates in table 6 and the irrigated acreage
maps on plate 3. Total grownd-water recharge from
surface-water irrigation ¢or each of the B-year inter-
vals is shown in tahle 7. Recharge from surface-water

jyrigation and precipitation for the periods 1836~

1800, 1926--30, =nd 1976-80 is shown on plate 8. As
indicated in table 7, recharge from surface-water irri-
gation from 1891 to 1925 increased sigmifigantly but
Las remained relatively stable from 1 1680, Av-
ST 1 wnderflow from fributary drainagdz6
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basins for the period 1891-1510 was calculated using
basin-yield equations. Average annual underflow,
stream losses, and precipitation from 1911 to 1880
(table 13) were estimated from measurements for dif-

ferent periods of record. Average ground-water |.

pumpage was calculated using irrigated acreage
maps (pl. 3) and estimated crop consuumptive irriga-
tion requirements (table 2) and is shown on plate 9
for the periods 1951-60, 196170, and 1971-80.

The configuration of the water table in 1630, based
on simulated heads in layer 1, is shown in figure 29,
Comparison of figure 29 with plate 4 indicates that
water-level changes from 1930 to 1980 were small rela-
tive to changes that took place from prefrrigation {fig.
28) ta 1930. Changes in head from simulated
preirrigation conditions (fig. 28) to simulafed condi-
tions in 1950 are shown in figure 30. Heads in the
central part of the plain increased about 50 to 100 ft.
Along the southern boundary of the plain near Twin
Falls, simulated heads increased as mmch as 280 .
Large increases in head also were gimulated in the
northeastern part of the plain (above Mud Lake) and
may be due, in patt, to the initial head conditions used
in this part of the model. Although heads increased in
most of the plain, declines were simulated in the re-
gion near the mouth of the Big Lost River. Declines
likely were caused by decreases in underilow and river
infiltration owing to upstream consumptive use of wa-
ter for irrigation from 1890 to 1850 in the Big Lost
River drainage area.

Changes in the water table from 1850 fo 1980
(fig. 31) were generally smaller than those from
preirrigation to 1950 (fig. 30). The rodel results in-
dicate some increases in head along the boundary of
the plain since 1950 and some declines in pumping
areas, such as in Jefferson, Bonneville, Power,
Minidoka, and Cassia Counties.

Comparisons of simulated and measurad long-term
head changes reported by Mundorff and others (1564}
are shown in table 21, Although these data are for
the southwestern end of the study area and cannot
be used as an indiestor of changes elsewhere, the
agreement between measured and gimulated head
changes ig generally good.

Changes in simulated head are due primarily to
changes in input values of recharge, underflow, and
pumpage that were varied with time to simulate
changes in inflow and outflow. The simulated
changes in inflow and outflow during the calibrated
transient simulation are shown in table 22. The larg-
est flux components are (1) recharge from surface-
water irrigation, precipitation, and underflow; and (2)
river losses and gains. Major changes in hydrologic
conditions from preirrigation to 1950 were increased
e o d Tiarharoe as apnring Flow.

After 1950, changes in recharge and discharge were
smaller, and the net change was a decrease in
ground-water storage, in part owing to a steady in-
crease in ground-water withdrawals. Simulated
changes in storage, river inflow, and river outflow ap-
proximated measured changes.

SENSITIVITY ANALYSIS

Modeling results discussed thus far represent the
calibrated three-dimensional simulaticns using fhe
deseribed estimates of aquifer properties and fluxes,
To determine model response to changes in varicus
aquifer properties and fluxes, model runs were
made for comparison with the calibrated run. The
model thus was tested for sensitivity to changes in
the input values of transmissivily, storage,
leakance, recharge, riverbed or spring-outlet con-
ductance, ground-water pumpage, and tributary
drainage-basin underflow, Each model parameter
was increased and decreased by 50 percent, with
the exception of leakance, which was inereased by a
factor of 10 and decreased by a factor of 0.1. Pa-
rameter changes were applied uniformly across the
entire modeled area.

Results of the sensitivity analysis are presented as a
series of ground-water-level and river-gain/loss
hydrographs in figures 3246 (see following "Befer-
ences Cited" section). Measured, calibrated, and sen-
sitivity-run hydrographs are included in gach figure
for comparison. Differences between meagured and
simulated heads for representative wells across the east-
ern Snake River Plain are presented in table 23, along
with the square root of the average sum of squares dif-
ference (a measure of the absolute deviations from mea-
cured heads) for each sensitivity run, average sensitivity
for the entire model, and average long-term head change.

Changes in model response owing to imposed
changes in transmissivity are shown in fizures 32
and 38. Hydrographs based on measured ground-
water levels generally begin about 1950, after the
major ground-water-level increases resulting from
surface-water irrigation. Therefore, comparison of
simulated head changes (table 21) with changes
based on field observations (reported by Mundorff
and others, 1964) is important in confirming ap-
proximate agreement of model results with zetual
fiold data, Simulated heads determined by increas-
ing and decreasing estimates of transmissivity
bracket most measured heads. When transmissivity
was decreased by 50 percent, simulated heads aver-
aged 34 ft higher than those in th jhrated run
(table 23). When transmissivily was Incre sed by 50

‘percent, simulated heads declined an average @
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TapLe 21—Reporied and simulated head changes

(Values in feet]

Mezsurement years and

reperied head change
{Mundorff and others,

Span of years
for simulated

‘Well location 1864, p. 162) head change
63-13E- 6DD . 1801 and 1953 80 1800-680 118
89-158-28BA e 1009 and 1858 32 191060 35
FEIEE-33 oovvenrierrenee 1807 and 1958 40 18056-60 42
T8-16E- B 1907 and 1959 26 1980560 35
55-15E-31 or 32 .o 1607 and 1959 35 1905-60 T4
BS-17E- 2AB ..o 1880 and 1852 70 1890-1950 87
85.17EB-19BB1 ..ooveweeee 1807 and 1054 44 190555 56
8S-18E-15CC .onrrrenrneens 1907 and 1958 118 1805-60 67
48-19F-26DA1 s 1918 and 1957 19 1915-55 52
98-19E-16AC v 1007 20d 1859 92 150560 70
9S-1GE-26 .coovovoveeenennr 1912 and 19568 62 191060 66
6S-20E-15DA ..o 1801 and 1959 141 1900-60 85
TE-23E- 5 ervrrecemrmieeie 1501 and 1959 55 1800-60 81
88-258- 1CBIL . 1901 and 1953 190 1900-60 58
98-24E-29AA1 e 1905 and 1951 42 1805-50 101

Averape head change ...

70 66

about 93 £ (table 23). With higher transmissivities,
lower average heads and smaller water-table gradi-
ents are needed to move the same amount of water
to the major spring-discharge areas near American
Falls Reservoir and to the Snake River from Milner
to King Hill..

Hydrographs for well 88-14E-16CBB1 {fig. 32)
show the opposite relation between simulated heads
and transmissivity. The well 18 in the extreme south-
western part of the study area, about 1 mi from the
Snzke River and major springs. When transmissivity
upgradient from well §5:14%-16CBB1 was increased,
water levels in the well rose; when trapsmissivity
was decreased, water levels declined. This relation is
due to the increased volume of flow toward the south-
west when transmissivities were increased, Although
incressing transmissivity resulfed in lower heads re-
gionally, the model indicated that heads near the
southwestern spring-discharge area would rige. De-
creasing. transmissivity ¢aused heads near the
springs to decline.

‘Model sénsitivity to changes in transmissivity with
respect to ground-water flux to and frem the Snake
River is shown in figure 33. Opposing effects are ab-
served in the response curves for the Milner-to-King
Hill and Blackfoot-to-Neeley reaches, When trensmis-
T 1 genindowater discharoe to the

missivity was decreased, discharge to the Milner-fo-
King Hill reach decreased and discharge to the
Blackfoot-to-Nesley reach remained essentially the
same. The sensitivity of simulated aquifer heads to
transmissivity changes is nonsymmetric. Head in-
creases were generally greater when transmissivily
was decreased by 50 percent than when they were -
increased by 50 percent.

Reaults of model-sensitivity analysis indicate that
decreasing transmigsivity produced larger head de-
viations than increasing transmissivity. Both decreas- |
ing and increasing transmissivity resulted in larger
ahsolute deviations than those in the calibrated run.

Changes in simulated ground-water levels and flux
through the ground-water system in resp.onSe‘ to im-
posed changes in storage coefficient and leakance
were relatively small (figs. 34-37). Differences in
simulated head in response to imposed changes in
storage coefficients were most evident when head
changes were rapid owing to rapidly changing fluxes
(1890-1930). Differences became smaller-_ashydro-
logic conditions approached equilibrium {1930--1980).
This same result wag chserved on ‘ground-water-dis-
charge hydrographs, where differences were mast
pronounced during periods of changing flux. Heads
were higher by an average of 2 23) when
storage coefficient was decreased by 50 perc@if;

e e
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Fb5%

TanLe 22 AMass balance for the colibrated three-dimensional fransient simulotion

[Values in cubic fest per second}

Inflow Cutflow
Rr:ci'targc
Change in from Change in
ground- irrigation ground-
Simulation waler and River water River
period SOTEHE Underﬂow precipiration lasses soyage pumpage’ gains

1891-085 50 2,300 1,980 2,180 1,400 0 6,100
18961800 30 2,300 2,980 3,180 1,960 0 6530
1501-05 20 2,300 4,040 2,970 2,670 0 7,250
190610 10 2,300 4,640 2,480 1,680 it 7,770
1911-15 0 2,530 6,400 2,010 2,180 0 8,760
1916--20 0 2,630 6,600 1,680 1,580 0 4,250
1921-25 50 2,240 7,980 1,480 1,640 0 10,080
1926-30 40 2,240 1,270 1,420 800 0 10,150
193135 500 1,710 6,620 1,580 310 0 10,020
193540 50 2,010 7,650 1,430 710 0 10,330
194145 10 2,660 7,310 1,390 780 9 10,680
1946-60 10 2,480 7,850 1,310 730 0 10,900
1951-55 160 3,000 8,310 1,260 680 g70 11,180
1956-68 50 2,900 8,550 1,180 500 870 11,300
196165 500 3,080 7.870 1,320 280 1,870 10,810
1966-70 30 3,430 8,280 1,250 580 1,870 11,070
197175 70 4,060 9,280 1,110 1,170 1,980 11,360

576-80 1,010 3,110 7,920 1,310 60 1,880 10,70

'
flge of pround water for irrigation ingreased rapidly after 1045, although the jrrigation maps shown on plate 3

indicate no ground-water frrigation it 1945. Therefore,
on the hasis of the 1659 frrigation map.

When storage coefficlent was gmall, ground-water
levels and discharge responded more rapidly to
changes in flux, a8 chown in hydrographs for the pe-
riod 18901930 (figs. 34, 25}, When storage coefficient
was large, the aquifer was less responsive to changes
in flux in discharge areas (Milner to King Hill, fig.
35) than in recharge areas, guch as the losing Snake
River reach from Heise to Blackfoot. These results
are due to the increaged lag time for water-level
changes when storage coefficient was increased.

Simulated ground-water-level chanpges in response
to imposed changes in leakance were small, averag-
ing 1 ft or less (fig. 36} Generally, heads increased
about' 1 ft when leakance was multiplied by 0.1, and
heads declined about 0.5 ft when leakance was multi-
plied by 10. Cround-water flux remained essentially
unchanged when lenkance was decreased OF in-
creased (fg. 37). Model insensitivity to changes in
Jsakance is due to the thickness of the upper model
ft} and does not imply that there is o ver-

,,,,, O tee within a single model layer

the author estimaated pumpage Juring the 1951-55 siress period

same or nearly the same for the calibrated model run
as it was for tested changes in storage coetficient and
jeakance; the model was relatively insensitive to

changes in these parameters.

Changes in simulated ground-water levels and flux
in response to imposed changes in. model recharge
are shown in figures 38 and 39. Generally, water lev-
cls were higher and ground-water flux was greater
(except for the Heige-to-Blackfoot reach) when' re-
charge was increased. When recharge was increased
5O percent, water lovels rose an average of 26 i
when recharge was decreased the same amount,
heads declined an average of 32 fi. As was true for
transmissivity, a 50-percent change in recharge
prackets most of the measured water-level hydro-
graphs and also brackets most of the measured
ground-water-flux hydrographs. The tosing reach of
the Snake River from Heise to Blackfoot (fig. 39) lost
more water when recharge was decreased. -When
aquifer heads declined in respomeR ¥R recuced re- .
charge, river leakage to the aquifer inereased; the op-
AR BT . s eannhes The f'act_@,ﬁat
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recharge were larger than the calibrated deviations
(table 23) indicates that a closer comparison of gimu-
lated and measured aquifer heads can be achieved by
further refinement of input data.

Changes in model respense owing to imposed
changes in riverbed o1 spring-outlet conductances
ave shown in figures 40 and 41, Ground-water lev-
els averaged 18 f% higher when eonductances were
decreased by 50 percent and averaged 7 ft lower
when conductances were inereased by 50 percent.
Fffects of changes in conductance on water levels
are dependent on proximity of a well to the major
ground-water discharge area between Milner and
King Hill. gimulated head in well 88-14E-16CBB1
(clozest to the discharge area) increased more than
A0 ft when riverbed or spring-outlet conductance
was decreased, whereas head in well 7N-38E-
93DBAL (farthest from the spring area) increased
only about 1t after 1960.
~ Total flux to and from the aquifer in all Snake
River reaches except Neeley to Milner increased
when. riverbed or gpring-outlet conductance was in-
creased. In the Neeley-to-Milner reach (fig. 41), head
changes resulting from downstream changes in
ground-water discharge were greater than changes
resulting from local flux changes. As a result, fluxes
in the Neeley-to-Milner reach were larger when
conductances were reduced and smaller when conduc-
tances were increased:

* Hydrographs for wells AN-29E-14ADD1, 5N-34E-
9BDAL, and 48-24F-6BBC1 show a reversal of head
relations hetween increased and decreased riverbed or
spring-outlet conductanees. This reversal was due to
initial head conditions ased at the beginning of the
gimulation. Initial heads for. all transient simulations
were calculated using parameters from the calibrated
model ran. Therefore, initial heads were not in
equilibrium with the clianged parameter {in this case,
riverbed or spring-outiet conductance) and, at the be-
ginning of a transient simulation, heads changed in
response to changes in both flux and initial head con-
Iitions. In the northeastern part of the aguifer, heads
deciined when conductance was decreased, whereas
closer to the major springs, heads rose. As simulation
proceeded, heads rose in the entire modeled area and,
eventually, the hydrographs crossed.

Differences hetween measured and simulated
heads (table 23) were smaller when riverbed or
spring-outlet conductance was decreased by B0 per-
cent than when conductance was increased by B0 per-
cent. The smallest difference between maasured and
i Vatad heads for all the model runs was achieved

F59

nally calibrated during steady-state simulation of the
four-layer maodel. Therefore, conductance values (de-
fined in equation 3) chould be adjusted for the in-
crease in thickness of the Upper layer in transient
simulations. Because thickness of the upper layer was
increased from 200 to 500 ft, conductances skould be
reduced to 40 percent of the steady-state values.

The reduction in riverbed or spring-outlet com-
ductance compensates for the averaged conditions
in the thicker upper layer in the three-layer model.
Overall, ground-water levels and ground-water dis-
charge were closer to measured values when con-
ductance was reduced.

Changes in model response owing to imposed
changes in ground-water pumpage are shown in fig-
ures 42 and 43, Pumpage had no regional effect on
ground-water levels until after 1950, The simulated
offect of a 50-percent increase in 1980 pumpage was
an average head decline of about & ft. When pumpage
was decreased 50 percent, heads rose about 5 fi;
when pumpage Was removed, heads rose about 9 ff.
Absolute deviations were similar to those of the cali-
prated model run (table 23). Fffects of ground-water
pumpage on ground-water discharge to the Snake
River are shown in figure 43, The similarity of bydro-
graphs based on model-calibrated and measured wa-
ter levels indicates that pumpage patimates are
reasonable.

Model response to imposed. changes in tributary
drainage-basin underflow (boundaty flux) was similar
to model response to changes in aguifer recharge, al-
though the magnitude of change was smaller (figs.
44, 48), A 50-percent increase in tributary drainage-
basin underflow raised agquifer heads ahout 11 & a
50-percent reduction resulted in about an equal head
decline. Head changes at well 88-14E-16CBB1 were
emaller than average, gwing to its proximity to major
springs with constant head. Absolute deviations were
larger than deviations in the calibrated model Tun
(table 23).

Across the study area, the model was most sensitive
o changes in transmissivity and recharge. In major
spring areas, near American Falls Reservoir and along
the Snake River from Milner to King TIill, the model
wag most gensitive to changes in riverbed or spring-
outlet conductances. The importance of riverbed or
gpring-outlet conductances as controls on aquifer head
decreased with increasing distance from spring-dis-
charge aréas. The model was relatively insensitive to
changes in boundary flux and ground-water puTnpage.
However, if these paramelers are considered in con-
junction with recharge fiuzg, their MSnation is

o1 i proper simulation of the aquifer system. a5

L a mmmgm g



rao
HYPOTHETICAL DEVELOEMENT ALTERNATIVES

The transient model was used to simulate aquifer
regponse to three hypothetical development alterna-
tives that might take place by the year 2010: (1) con-
timuation of 1980 hydrologic conditions and pumping
rates, (2) increased pumpage, and (3) increased re-
charge. These alternatives are highly simplified, and
a large number of plausible situations involving vari-
sus combinations of existing conditions and bypo-
thetical changes in pumpage and recharge could
develop. The purpose of testing development alterna-
tives was to evaluate general hydrologic trends that
might be expected should some or all of the alterna-
tives be realized. Although testing of specific manage-
ment alternatives was not an ohjective of this study,
it is possible, with the calibrated model, to evaluate
the effects of water-management proposals on the re-
gional aquifer system.

Average annual mass-balance caleulations for each
of the three hypothetical alternatives are shown in
table 24. Simulation of 2 continuation of 1980 hydro-
logic conditions and ground-water pumpage Was
based on recharge and discharge caleulations used in
the calibrated steady-state model discussed earlier.
The simulation indicates possible changes in the
ground-water budget over the period 1980-2010 if re-
charge and discharge remain the same 2s inl 1980.
The result is a gradual decrease in the release of wa-
ter from storage from about 8 percent of total aquifer
discharge in 1980 to about 1 percent in 2010. Accoml-
panying declines in aquifer head from 1980 to 1985
and from 1980 to 2010 are shown on plate 10. The
results are consistent with head declines meagured
- during the 1980 water year. Simulation of a continu-
ation of 1980 conditions indicated that after B years,
water levels in the central part of the eastern Snake
River Plain would decline about 2 ft and, after 30
Fears, would decline 2 to 8 ft. The model indicated
that declines would be much greater in several areas
along the margins of the plain. However, these areas
are less accurately simulated than the central part of
the plain, owing to large changes in hydraulic cen-
ductivity along the marging. Consequently, confldence
in the magnitude of change elong the margins of the
plain is lower, Changes ‘1 head would cause changes
in ground-water discharge and river leakage {(fig. 46).
Geperally, these simunlated changes were small;
ground-water discharge (river gains} decreaged about
5 percent and river leakage (osses) increased about 9
percent 4cross the modeled-area (table 24).

Aquifer response to inereased ground-water pump-

B DT T S A wmbantialiv arahle lands

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLATN, IDARO

assumed that 1.6 acre-ft of water per acre {average
consumptive irrigation reguirvement on the plain)
were applied apnually, The result was an average a0~
nual increase of 2,400 f#¥/s in ground-water pumpagse.
The model indicated that heads would decline 5 to 15
fi aeross the central plain within 5 years (pl. 10) and
would decline 10 to 50 ft within 30 years. Simulated
head declines along the margins of the plain were
greater but, hecauss of model uncertainties, probably are
Joss reliable. In addition to the large head changes, Tiver
leakage to the aquifer was increased by about 50 percent
and ground-waber dischargs Wes decreased by about 20
percent (table 24). Although an increase in pumpage of
this magnitude is unkikely, ¢his sirmulation illustrates the
potential for large changes in aguifer conditions if
pumpage were increased substantially.

Agquifer response to increased recharge was sLmit-
lated by adding an average annnal 800 fi¥/s to 1980
hase conditions. Norvitch and others (1969) gimulated
an average increase in recharge of 500 &/s during 2
study of potential effects of artificial recharge on the
regional aquifer. Results of simulations demonstrate
the usefulness of ground-water-flow models in evalu-
ating possible effects of artificial recharge. Recharge
wag increased in four areas, modsl blocks (row-
column) 8-11, 16-37, 14-39, and 8-45, that were
ased as artificial recharge sites in the study by
Norvitch and others (1969). Of the three hypothetical
development alternatives simulated, increasing
recharge resulted in the least amount of change. Af-
ter § years of increased recharge, water levels in the
central part of the plain increased from 0 to 5 ft (pl.
10} and showed little additional change during the
next 25 years. These increases in head are similar te
those reported by Norvitch and others (1969), which
ranged from less than 1 to more than 5 ft. Large de-
clines simulated aleng the margins of the plain likely
are due to poorly estimated underflow rates. In-
creased recharge decreased simulated leakage from
rivers to the regional aguifer by about 6 percent, and
spring flow {river gains) remained essentially the
same (table 24). This simulation indicates that in-
creasing recharge would have little regional effect on
hydrologic conditions, although in the immediate
area of applieation, ground-water levels would rise.

SUMMARY AND CONCLUSIONS

Flow in the regional aquifer system in the eastern
Qpake River Plain is controlled largely by the Snake :
River and its major tributaries. 8 ground-water .

recharge is from infiltration of surface water ciigﬁgted
" - A et M T R Itra ﬂﬁd i



SUMMARY AND CONCLUSIONS : Fal

TanLs 24.~~Averags arnucl mass-

balanes calculations, 1980-2010

{Valuas in aubic feet per second]
[nflow Outflow
Rechargs
fram
Change in jrrigation Change in
Sinulation ground-walet and River groundwater River
periad S10TAZE Underflow precipitation losses storage Pumpage gains
Continuagion af 1880 hydrologic conditions and pumpagt
11876-80 1,010 3,110 7,320 1,330 60 1,980 10,719
198185 690 2,740 7,670 1,360 B0 1,790 10,580
198680 480 2,740 7,670 1,380 10 1,780 10,460
19931-95 369 2,740 17,870 1,390 0 1,730 10,370
1996-2000 236 2,740 7,670 1,410 0 1,790 10,200
20012005 220 2,740 1,670 1,420 0 1,790 10,250
2006-2010 170 2,740 7,670 1,430 L 1,790 10,210
. ‘ Pumpage increased by 2,400t °fs
11976-80 1,010 3,110 7,320 1,310 60 1,880 10,710
188185 - 1,990 2,740 7,670 1,580 20 4,180 9,820
1986-90 1,320 2,740 7670 1,750 0 4150 9,330
1951-95 930 2,740 7,670 1,840 Q 4,150 2,030
19962000 670 2,740 7,670 1,900 0 4,150 8,830
2001-2005 £00 2,740 7,670 1,930 0 4,150 8,700
2006-2010 380 2,740 7,670 1,960 0 4,150 8,610
Recharge increased by 800 ft'/s
1197680 1,010 3,110 7,320 1,310 60 1,980 10,710
198188 540 3,540 7,670 1,250 320 1,790 10,880
1986-830 340 3,540 7,670 1,230 80 1,750 10,880
1991-95 260 3,540 7670 1,230 30 1790 10,870
1956-2000 200 3,540 7,670 1,230 16 1,790 10,840
20012005 160 3,540 7,670 1,230 0 1,760 10,810
20062010 130 3,540 7,670 1,230 0 1,790 10,780

small amount of recharge is from p

recipitation on the

plain; most preeipitation on the plain is. gither evapo-

rated or transpired. Agu
spring flow to the Snake River and water
jrrigation, Largest well yields are ob
ternary basali; some gand and grave
yield relatively large quantities of water.
and rhyolite generally yield Jess wa

tant agquifers in places, In some areas, clay
that impede vertical flow.

lenses are confining layers
Regional ground-water flow is ge

ward, from major recharge areas

the major discharge area
Milner to King Hiil. Hydraulic
depth are defined in major rechar

ey Y ey

along the
‘head ch

avnid T

ifer discharge is largely
pumped for
tained from Qua-
] aquifers also
Older basalt
ter but are fmpor-

and silt

nerally southwest:
in the northeast to
Snake River from
anges with
ze and discharge
fractured crystal-

1Calibrated model vnlnes included for compexison PUrpOses

tion began on large tracts of land after 1800, Water
levels and ground-water discharge peaked in about
1950 and have declined since, owing to 4 combination
of factors, including increased ground-water
pumpage. (round-water levels fluctuate seasonally in
response to recharge from precipitation and surface-
water irrigation and pumping stress; they algo fluctu-
ate in response te long-term climatic trends..
Two-dimensional steady-state, three-dimensional
steady-state, and three-dimensional transient simula-
Hons were used to analyze the regional agquifer sys:
tem. The twoudim_ensipnal analysis incorporated a
nonlinear, least-squares regression technique to esti-

mate aguifer variahles (or parameters).*Ma}'or a8~

sumptions in the parameter—estimatéﬁ- alysis were
that ground-water flow-is two dimensonal, and that
o e ot 1080 wag at steady stE8.
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However, large vertical head differences were meas-
ured in major recharge and discharge arveas and
along the margins-of the plain. Simulations indicated
that an average of 700,600 acre-ft of water per year
were removed from ground-water storage from 1976
to 1980, whereas 100,000 acre-ft of water were ré-
moved from storage in 1980 The large average

. amount is undoubtedly influenced by the severe

drought in 1977, when more water probably was re-
moved from storage.

Sensitivity analysis indicated that simmlated re-
charge, underflow, leakance, riverbed or spring-outlet
conductance, ground-water pumpage, ground-water dis-
charge, and transmissivity are reasonable and are the
most important determinants of model response. Stor-
age coefficlents are less important because high trans-
missivities allow rapid head changes throughout the
regional system.

Historical records and results from transient simu-
Jations indicate how changes in ground-water levels
dramatically change ground-water discharge.
Mundorff and others (1864, p. 169) estimated that an
average water-level rise of B0 to 70 ft from about
1910 to 1959 increased pround-water discharge along

. the north side of the Spake River from Milner to

King Hill to sbout 2,500 #%s (1,800,000 acre-ftfyr).
Historieal Tecords and results from transient simula-
tions also indicate a decressed amount of leakage
from the Snake River to the ground-water system
from Heise to near Blackfoot. These data show the
importance of understanding stream-aguifer relations
and how they change with time in response to devel-
opment- stresses. Sensitivity analysis indicated that
aquifer heads are responsive to changes in riverbed
or spring-cutlet conductance, particularly near the
Srake River.

The regional aguifer systern in the eastern Snake
River Plain responds quickly and over broad areas to
changes in inflow ind outflow, which include re-
charge from irrigation, stream and canal leakage,
tribatary drainage-basin underflow, and ground-

" water pumpage. Transient simulations were made to

gvaluate long-term regional changes in aquifer heads
and ground-water discharge. For example, simulated
results indicate that the ground-water system re-
spinds rapidly to changes in pumpage. Historical
récords of rapid water-levél rises and increased
ground-water discharge are approximated by the
three-dimensional transient model results, which in-
dicates that the model can reasonably simulate the
regional ground-water system.

The transient model was used to simulate aqui-

fer changes from 1980 to 2010 in response to three
T L . PR S ¥ SEU Nty ”'} CDILtiHU.EL‘

pumpage, and (3) inereased recharge. Simulation of
continued 1980 Lydrologic conditipns for 30 years
indicated that head declines of 2 to 8 ft. might be
expected in the central part of the plain. The mag-
nitude of simulated head declines was consistent
with head declines measured during the 1980 water
year. Larger declines were simulated along the
model boundaries, but these declines may have re-
sulted from underestimation of tributary drainage-
hasin underflow and inadequate aquifer definition.
Simulation of increased ground-water pumpage (by
2,400 ft¥/s) for 30 years indicated head declines of
10 to 5O £t in the central part of the plain. These
relatively large head declines were accompanied by
increased simulated river leakage of about 50 per-
cent and decreased spring discharge of about 20
percent. The effect of 80 years of increased recharge
(800 ft3/s) was a rise in simulated heads of 0 to & ft
in the central part of the plain. '

More and better data and continued mode! devel-
opment and testing are needed to further improve
understanding of the hydrologic system in the east-
ern Snake River Plain. Befter definition of aquifer
hydraulic conductivity is needed, particularly along
the matgins of the plain. Mass-flux estimates can be
improved by obtaining better estimates of surface-
water diversions, jrrigation-return flow, gtreamflow,
gnd ground-water pumpage. To better define stream-
aquifer relations, data are needed on streambed hy-
draulic conductivities.
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Arprinrx A—Diversion and return-flow data for waler yeor 1980

"This appendix lists 1980 water year diversion and return-flow
data and data sources for gurface-water-irrigated areas on the
pastern Snake River Plain. Aress shown in figure 7 include
surface-water-drrigated lands where diversion records are gvail-
ghle. Sources of data are the following:

Tdaho Department of Water Resources (1880}

11.8. Geological Burvey (1580)

1.8, Bureau of Reclamation {written commun,, 1881

Water Districts 37, 3TM (1980)

American Falle District No. 2 {written commun., 1981)

Wyizes (1980)

Kjelstrom (1986

Idaho Departmend of Water Resources {written commun.,
1381)

Bim o g TR

The data-souree identifier (a-h) is tsed as u prefix in the follow-
ing tables for the {rrigation sreas,

Irrigation Area 1 -—Diversions from Folls River

Quantity {nere-feet)

Name
Marysville CAnB o cmmmsamrrscssssssssssr st a 32,900
Farmers Owz Canal . a 14,900
Yellowstong Canal wrnmins a 2,900
Orme [T T:1 ORISR RN LEL a 8OG
Squirrel Creek o & 1,700
Boom Creek .- a 800
Clonant Crenk s ss e et oo a 6,000
FTEELL +omeees s nsrncessresinsassmmasenensanimapras e s siss £0,060
Fotimated surface-return flows .. 21,260
Thversions minus surface reflra e 38,800

Irrigation Area 3 ...Diversions from Henrys Fork, Falls River, and
Teton River

Quantity facre-feet)

Name
SHIRY s eseensrssesoesoem s a 5000
WIEBEE +oremssrrreassseereasssrrassariprris s by s a 500
Stewart B 3,000
T e R E R ety 8 1,600
WWIATCL vvseorereremssrsrmrmrassmssontoit g 52,200
* Farmers Friend oo A 38,500
Ty CIEOVES weerearererrrimsssscssemmmsbsssrstsmssmmbiss syt oesss B 41,100
Pintock~Byingbom s a 4,200
Oross Cul veewemsien i 39,700
Pall River - s 55,300
CREELET woeesmmirmmsssiinssrasssrsesianess a 18,000
Pumps ... a 5,400
260,500

TOEEL 1ervcssserrerserarrassessimpir s atisssmmessass e et

Watimated curface-return fOWE wrmrmeene

Diversions minus prirfare TELUIT e

REQICNAL AQUIFER-SYSTEM ANALYSIS-—SNAKE RIVER PLAIN, TDAHO

Irrigation Area 3.—Diversions from Henrys Fork

Quantity (acre-feet)

Nome
St Anthony URIDI coeormesrmemssnnsssss et a 165,100
Last Chance ... a 30,800
DEWEY uvrreremseniee a- 5,100
Tndependent wu e a 99,700
8¢, Anthony Union Feeder ... :\ 38,300
FEEITL srvorereressose s s e a 112,100
BRL oo erecensasesseore s smss s inir i 442,100
Estimated surface-return fIoWE . 63,000
Diversions mizus surface TefIT 379,160

Irrigation Aren d.—Diversions from Falls River, Henrys Fork, and
Teton Biver

Name Quentity {acre-feet)
Salermn Union ... a 60,600
ROXATRS cesrrinas 1 4,400
North SLem e ramst i resssstescsine a 1,900
Consolidated FArmErs w i a 84,360
CHITT woreecsasssssssssmsimressisssss & 14,500
ErterPriBe oo pimeavarereranat a 20,300
Tator TTTIEAHON vt assssssan e e a 24 500
BAUTEY—DOMATE crarsrrrenmsorsssarmsssssems F:3 4,600
Tsland WAL eeeererssm s rsrss s s a 7,600
Toton Island Feeder.. a 92,300
. Pincock—Gardner ... a 1,300
Rexburg City ...noeer a 5,000
Rexbtrg Irrigation e a 52,400

Woodmansee—Johas0n i a 5400
BiZAOWAY reeenimsrnserrssassers a 1,200
MeCormick-Rowe ... a 400
Bigler SIOUER s a 800
PRI coanerrecsissssss st s a 400
A1 R avaresmaanesnenin 381,800
Eetimated surface-return flows v 135,200
246,600

Diverszions minus gurface retluTIl -

Byrface-return flows for frrigation arezs 1-4 were estimeted
using data reported by Wytzes (1980) for the 1977 water year.
Surface-return flows were adjusted for the 1980. water year by
asstming that the total streamflow depletion for irrigetion arezs
1-4 was egual to the sum of the depletions within the areas, 8s
expressed in th following equation: '

‘ow=(diversi0ns—surface returne).

¥y sutflow, and diversions are known, the
n. be calendatad, Knowing the total of all .
t the returns reported by Wylzes {1980) by
ltiplisr to equal the estimated total, Basin inflows

CRYsg 1,102,400
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APPRENDIXES A-C

Trrigation Area 4—Diversions from Falls Biver, Henrys Fork, and
) Teton River—Continued

550,400

Falls River at SQuIrTEL crecmunmiies g
Marysville Canal v ‘ g 32,500
Yellowstone Canal ... g 2,900
Comant OTEEL . eesisimsarsssee i csrerssormemsiassieris g 51,900
Teton River negr St. Anthony .. g 559,300
Mooy Oreek e g 10,800
AL covs e e iremaree st n e i e e 2,320,600

[
A

Bagin outflows (in acre-feet) for water year 1880 were

Henrys Fork near RexBurg aoeummme g 1,491,000
Rexburg Canal drain preeetnsrenseek g 10,100
TOLEL wrovressrmes eeserrsecssasmsmsssassmasses bt anssasgscosies 1,502,000

RN
PRAEN AL

Total diversions for areas 1-4 were 1,144,400 acre-it. Total re-
turns (n acre-feet) for ureas -4 were

Surfoce _
inflow Outflow Diversions Returns
2320,600 - 1,502,000 - 1,144,400 = -825800

Surface-return flows (in acre-fest) estimated from data repored
by Wytzes (1980) were

The commen multipher is calewlated as 325,800/92,000=3.54, and
the estimated surface-teturn fows (in acre-feet) are

91,200
111,900
8,000
129,600

Irrigation Area 5.—Right-bank diversions from the Snoke River
from Heise to Lorenzo

Name Guantity (acre-feet)
FITL-PEttimEET coserrssrmmresssremsssinssesmsms s ransass Y 1800
Nelson-Corey ... . 3 1,700
Sunnydall ... ) 47 400
L0t coreerrnerreraciressrer A 41,000
Reid .cccmmrmsmerrsrmesniesssrerns a  b8,50C
‘Texas, Liberty PATK v a 78,160
Bannock TJHITL evrverns resseebemessenressmassmsercsa s s ebemsiased a 5,200 |

eh

Irrigation Area 5.—Right-bank diversions from the Snake River
from Heise to Lorepzo—Continned

Surface-return flows;

Texas Canal draiTl .o, g 18,100
Teaxas SIough oot g 77,200
Bannock JIm SIONgh i g 8,800
TTALRT v eceresessrrras e ometmesanrscare bbb e ba s s 105,100
Diversions minus surface refurn ... 128,700

Irrigation Area 6—Lefi-bank diversions from the Snake River
from Haige fo Lorenzo

Name Quantity (cere-feet)
AT —— g 5100
ATETS0N ceirreermsvernn g 83,400
Bagle Rock wereiinnns g 185400
Farmers Friend .. g 112,900
ENtETPTIBE rorvecicnmmssrsssasssesnass g 06,5800
Dy Bed oo g 1,151,200
NelBon oo g 700
Mattaon—-Craig . g 4,300
Willow Creek near Ririe ... rorecseanens g 73,500

TOLAL coreeee e cerereers s seres s asas e ns st 1,633,760

e

Surface-return flows:

DIy Bod coviericsiarsme et s g 174,500
Spring Creek.... g 2L700
Emigrant Creels .. I g 1,400
;-4 1 RO z 700
Anderson waste .. E 6,300
Sand Creek ... g 6,700
Little Sand Creek.. g 3,500
TAYIOT woocrsiemsmsenrssensnensnesss g 10,600
Henrys Oreek e g 11,100
Willow Creek flo0dWay e g 8,600
TOEAL wrveeeiorssassmcarmsssmbsenssnares vy st sbs st 245,100
1,388,600

Diversiong minus suwrface TelUIm cu e

Tfrigation Area 7,—Right-baik diversions from the Snake Fiver
downsiream from Lorenzo to Shelley

Quantity { acre-feet)

Name

Butte, Market LAKE srcorrirsoimmmmecsmosssimmsnseres 3 T1,600
Bear Trap ..o a 6,000
[9F-1: 721175 O a 3,300
Clements oo a 700
KETREAY woorrreeeessssssreomiseesssssmssmsm s s sstassassss & 3,500
Groat WEBLEITL «auwermmerrerremmssmmmrsssisiaescssssass s 126,300
POTEEL - evvsreeesssresssrsmsssesess s asmees bt e a- 80,800
Woodville c RS a 21,500
McKay South .. RYS & 600

4
a0 300
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Trrigation Area 7. —Right-bank dwersmna from the Snuke River
dawnstream from Lorenzo fo Shelley—Continued

Surfoce-return ﬂaws:

Great Western WaBE i i e 400
(reat Western waste ... C 30,700
Oreab Western Washe <o il 25,600
Butte, Market Lake refurn ... rsveameennsnieras et e 7,200
Total oeernrere et 63,900
Diversions minus surface rafillm aeowr 258,400

Irrigation Area 8.—Lefi-hank diversions from the Snake Rwer
from Lewisville to Bluckfool

Name Quantity (zcre-feet}
FAARO v cevsrerer st nansasreranessan a 295,200
Snake River vallsy. a 198,000
Blackfoob...uw e a- 11L500
Corbett ..oovreene- " a 47,500
NEQIEOTI—TTHABEIL vrerserrescentosammaretrssessmsessssiensararasass a 2,600
Sand Creek at Idaho Falis.... ¢ 6,700
Little Sand Creek at Ammon .. e 3,600
Taylor .. [ ¢ 10,600
Henrys Greek Cmemer e sbsr R R bas s [ 11,100
Fast 1dahe Slough e e c 13,800
TPOLAL wovereernserersrsrarrmssnnersssnsisasaseesersansryrmsnsaraes 700,500
Surface-return flows:
Cedar Point to Reservation Canal i 2,700
Snake River valey waste 10 Reservation
Canal (estimated) ... \reemberuesiesssasbessesatsnanbrEry 20,000
Sand Creek to Reservation CAnal e ¢ 78,200
Idzhe Canal to Blackfoot River .. 50,600
Shull Lateral waste . 2,200
End of Bast Idahe Slﬂugh mtu Blackfoot
THVET - vrvesmmsmsarssanestsssnssercemstsibrasanasssassass ¢ 25,500
Corbett Slough waste 10 Bnake River " ¢ 3,200
Blackfoot Canal waste to Snake River wwne ¢ 10,200
Total oo rieboabeses e bareesenane bR TR AT ARSI S 172,600
Diversions minus surface return . 527,900

[exigation Aren 9.—Diversions from the Snake and Blackfoot

Rivers
Name Qrantify (acre-feet)
. Tittle Indian Creak o winm i c 18,500.
. Fort Hall Main ... ¢ 178,800
Fort Hall North oo c 10,200
TPOEAL 1omovesverssias seesessers s sressrecssssssansrsses 259,600

O d rporsty P FLOSE

REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAIN, IDAHO

Irrigation Area 9. —Diversions from the Snoke and Blackfoot

Rivers—Continued

Taak Lateral fo Ress Fork ainmnin ¢ 500
Indian Lateral to Boss Fork o e 700
Ross Fork downsiream from Fort Hell Main . ¢ 3,600
Tyhes swaste to Ross Fork ... “ c 13,000
Reider wasate .. SO e 2,000
Duboeis Lateral waste.. c BOO
Tyhee Lateral waste .. e 2,000
Church Lateral waste coin e ¢ 2,700
Tnd of Fort Hall Malnt c oo c 2,300

IIOEEL 1ravrerecsssnessserssmmmmsnssniasssssiei s sabesmncrsesaserinn 22,300

Diversions minus surface Teturn e, 227,300

Irrigation Area 10.-—Tight- bank diversions from the Snoke River
downsiream from Shelley to Blockfoot

Name Quantity (otre-fest}
Mew Lava $ide s vsmmnne Vereetnnnen 3 35,200
Peoples.. a 109,000
Aberdeen——SprmgﬁeId a 412,000
Riverside e a 33,600
Danskin cerweinsrmssmen a 58,800
TLBEQ wererrcarsmmrrssrssnsssssssse a 17,700
Wearyrick a 18,500
TTRESOLL 1eermrersesrimsmrsmrsssssmaassensss a 31,400
TPRTBOILS 1evsvesersnssesssrararsssssmssnsssmiresiinass s cevpamsrsassitss a 14,500

TOER] w1eernorermesarssesssssembersssessimmesmaias s raasaananstrsss 630,700
Surface-return flows:
RAVELSIAE WASER weurersesssnmsisres s ssinssnes v sasiasransses s 18,500
Watson Slough waste ... e 9,400
Peoples wasie ... ¢ 8,708
THITICATL WABEE covetesemesmsiencmssmss siaseinssssennsons ¢ 5,200
New Lava Side waste e, c 4,500
Parpons Wakte o c 1,300
Crawford waste ... " e 2,400

Diversions minus surface return minus "

canal loss {Aberdeen-Spmngﬁeld) of
95,200 ncre-ft.. “ 487,900

Irrigation Area 11.—Left-bank diversions from Portneuf River

Name Quantity (ocre-faet)
Fort Hall MIchaud e ¢ 30,600

- Falls Trrigation waieoenee e 23,200
Barnogk DFBEI e eessssmasscssssecsssinsacvisenrins 64,600
T 108,400

Surfuce-return flows:

Bannoek OrBEK et i g
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Irrigation Area 12 —Right-bank diversion from the Snake River
at Lake Waleot?

Quantity {acre-feet)

THVETEIOTE 1resareeressesenramronsicimsazessssssssssampsaie s smnanass s 985,900
Surface-rebiur flOWS et 47,400
Diversion minus surface TefUIm s 348,500

Trrigation Area 13~—Right-bank diversicn from the Sncke River
at Lake Milner

Quantity (cere-feet}

DAVETEION crreesesrermirmrias g 50,800
Surface-refurn flows g 1,700
48,800

Diversion minus surfaes relufT e

Irrigation Area 14 —Right-bank diversions from the Snake River
at Lake Milner

Quantity (eere-feet)

. Name
North Side Twin Fall e a 697,300
North Side Crosecut-CGooding .o g 554,200
Neorth Side “A” Lateral o a 18,100
TA Tiataral e eesimasrsrs s ssassssssraesss Y 15,200
TOEAL coeeeerrsissrassieesrasassrsssatsmsmensasressranissastusaerd 3,084,800
Surface-return OWS qonin s g 62,700
Diversions minus surfeee TetiTi e 1,022,100

Trrigation Area 15.—Left-bank diversions from the Snake River af

Lake Milner
Name Quantity (ccre-feet)
South Side Twin FalE s a 1,080,200
Rock CTEEK .erisuimreermensiemsssnssssss o g 25,000
Dy Creek ... FTTUIUI TR g 9,000
Cadnr Cromk i i s E 8,300
Cottonwosd, McMullen, Deep Creeks o g 15,000
A Ty R ST 1,147,500
Biirface-return BOWE o g 675,600
Diversions minus aurface TebUrD eninece 571,860

Irrigation Avea 15—Left-bank diversion from the Snoke River af
Lake Milner

Quartity { acre-feet)

THVEEELOTL o emsessssrassioseses st tstis s sms s s g 61,100
Sarfaca-PebiIT FOWS rrrecsisnscr st et g 500

¥87

Irrigation Ares 17,—Left-bark diversion from the Snoke River at
Loke Walcott

Quantity (acre-feet}

THYELELOT ceevecerinsssansasanrieaearns . a 312,300
Syppfase-retirn HOWS cw i g 66,600
Diversion minus surface Telirn . 245,800

Irrigation Area 18-—(Goose Creel diversion from Goase Creek

Reservoir
Quantity (acre-feet)
THVETEION ceoarissrrnnrssssssimssrmsmmam sy e b 44,300
Surface-return foWs e 0
Diversion minus surface IEtUITL .o 44,500

Irrigation Areas 19..96.—Milner-Gooding Canal, Big Wood and
Little Wood Rivers :

Records of measured fows in irrigation areas 19-26 are from
Water Districts 37, 87M (1980), American Falls District No. 2
(written commum., 1981), and .8, Geological Survey (1980). The
gpproach was to sum ihe inflow and outflow for each irrigation
srea snd determine the difference. This approach includes river
and canal losses and field. seepage. The tofal flow consumed in
the basin was compared with the total consumed in six of the
eight subbasin areas.

Quantity (ocre-feet)

Name
Inflow:
Big Wood River downstream from Magic
REGEIFVIAT 1aereenserrmsrrrmsessesrisarsnrssssrasrisasissss b 814,1G0
Little Wood River near Carey v mnies b 140,600
Silver Creek at Sportsman ACCESS e b 114,100
Milner—Gooding Canal upstream from
Little Wood RIVET armeeeimsminvremamnaies b 333,400
X Canal et e 4 101,100
TEEAL crvereerrmsssvaeeereecsnrmerisnisnsmaassess s yrmsianss 1,005,200
Dutflow: .
Big Wooed River near Gooding ‘b 202,200
Y Canal o eeresicrest bbb i 47,600
¥ Canal ccimminn st rbey . d 22,200
Dietrich CROAL i d 58,700
R
THEAL o verrersssrmsssesemear s b ssesess esvsbas s sinas s 328,700
e
, ——
" Bagin inflow minus basin subflow .. 576,600

Total of subbasin sonsumption:

Inflow~Outflow
{acre-feet)

Areq

19... s 57,100
20..., . CRYS 62,600
g1 257 00

105,500
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Trrigation Areas 19-26—Milner-Gooding Concl, Big Waod and
Little Wood Riuers—uCcntinued

D e ereareeere e i nep R RA RS SRR 04,700
- TSP 129,200
TTIOEAL oovvsrseressemsemssesnressttesseseach sromsmeesat s seases 588,500

£86,500-676,6004868,500%100=1.5 percent difference

Irrigation Area 19.—South Gooding fract

Naome Quantily [acre-feet)
Inflow:
Little Wood River at Shoshemne ..auuseimees d 168,700
X Canel ccovvriirerennns SRR d 101,100
Big Wood River near Gooding No. 8 e d 69,300
TOEAL covneierenrireremrmenrrrrrsssssessss siassssbemserserrsase 338,100
Outflow:
Big Wood River near Gncdmg No. 2 ceerinees d 202,200
Y Canal .. reeteretrt e e d 47,600
2 Canal i s d 22,200
TOERL s vvenremsssmrsssessssssssessssssenesssontceeeions 272,000 |
Inflow minus oUIIOW . coirmmniinereree 687,100

Irrigation Area 20.—North Gooding tract

Name Quantity (acre-feet)
Inflow:
Head of North Gooding Main ....eeciimanines d 62,600
OULEIDW suvemreevrserserensssasarasm srassestrnsossssassrs e scaseseases 0
Inflow minus oUtFlow cirenec 62,600
Irrigation Area 2L.—Shoshone tract
Namae Quantity (aere-feet)
Inflow:
Rig Wood Eiver downstream from
Diversion No. 5 o d 164,700
Milner—Gooding Canal duwnstream &um
Little Wond BIVET cimimimerrmarmmincinins d 183,300
TOEAL 1 crssrrrrsmnrve e sraissassesrempecbasir e s an 358,000
- Qutflow;
Head of Nerth Gooding Main e d 62,600
Big Wood River near Gooding Ne. 9 d 69,300
TOEEL e e s e e s 131,800
Inflow minus outflow ... O 226,100

REGIONAT, AQUIFER-SYSTEM ANALYSIS-—SNAKE RIVER PLAIN, IDATIO

Irrigation Area 22.—Lower Little Wood River

Name Quantity (acre-feet)
Inflow: '
Little Wood River near Richfield, non-

irrigation season—estimated fmm

historieal 1ecords wmei el g 680,000
Litfle Wood River near Richfield,
irrigation season . ek bt d 65,400
JB Slough near Rlchﬁeld ................... “ d 40,300
Marley Slotugh v “ d 20,300
Higtoric F-waste . h 4,100
Milner-Gooding Canal upstream from
Little Woed River... d 335,400
TOLAL coecceiinisanasmbtrrsee it rssasas s re it 525,600
Outflow:
Dietrich Canal No. 11 . d 58,700
Milner—Gooding Canal downstream ﬁ:om
Eittle Wood RIVET ievrvcsrssiommisinssncsesnnssiss d 193,300
Little Wood River at Bhoshone . d 168,700
TOBAL r1ecsisserrmesirvaosnnessssssnssrsaresmsaen s snpere s 418,700
Tnflow minug OUHIOW s 106,800

Irrigation Avea 23.-~-Dietrich tract

Name Quantity (acre-feet}
Tnflow:
Head of Dietrich Canal i d 56,700
Milner—Gooding diverslon .o e 16,600
TOEBL recrrrirseeecesiaesinrrrserussmeassommsabmnnsscbasitns 73,300
Outflow:
Higtoric F—wWasts wmioremrror s s ssssssiens h 4,100
Inflow minus outflow i 59,200

Irrigation Area 24.—Hun! fract

Quaniity (cere-fest)

TEELOW 1o verrvenseeenessntsssssssssesessrmsssresraericss o sissasmsass e 36,000
OPIEELOW eereersssnesmreeeresseens st ssesmssesassseeeesion o
Inflow minus SUHIOW i, 36,000

Irrigation Area 26.—Richfield tract

Name Quantity (acre-feet}
Inflow:
Head of Richfield Canal. i (D3 159,800_

94
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Irrigation Area 25.—Richfield fract—Continued

Dutflow:
JB Slough near Biehfeld oo d 40,300
Marley Stough ... . 4 20,300
Sum of rmscellaneuus wasstes h 4,000
PO woeeesersmsresssersessssersecsissmmams sy 64,600
. 94,700

Inflow mints oUEloW o

F89

Aren 26.—Jilver Creek, Upper Little Wood River

"Trrigation
diversions

Quantity (acre-fzet)

Name
Inflow:
Silver Creel at Bportsman ACCESS i b 114100
Little Woad River near CETEY o h 140,500
TOLEL cevverre rerirees sessmsmzmsramsassrasssberssssees 264,600
Outflow:
1ittle Wood River near Richfield, non-
irrigation season—estimated from
historical TECOTdS wumm s 60,000
Irrigation season ... d 65,400
POLAL comemraveseersssssssiresssesssamssssssescssosss 125,400
Inflow mints oubfowW o 123,200
CRYS
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This appendix lists ground-

from 1928 to 1980

Arprwnm B.—Groupd-waier recharge

water recharge-rate caleulations el

REGIONAL AQUIFER-SYSTEM ANALYSIS--SNAKE RIVER PLATN, IDAHO

r 5-year intervals

1928-30
average Diversion— 1922 Evapotran-
diversion refurn arreage spiration Recharge
Area  {thousmnds Percent  (thousands (thousands {feat rate (feet
No. of acre-foet)  return of acre-feet)  of acres) per year)  per year}
1 32.37 a5 21.04 3.95 1.0 4,33
2 268.83 33 130.12 37.17 11 3.75
3 414.50 14 356.80 48.60 1.2 8.05
4 341.60 43 134.71 47.48 13 2.80
5 194.13 52 93.18 17.39 1.3 4.08
8 1,538.40 13 1,338.41 134.73 1.3 8.63
7 348.43 20 278.74 70.82 1.3 2.64
& 593.10 20 474.48 92.97 1.3 3.80
9 ™ 20 63.71 1.5
16 586.07 20 468.66 143.69 1.5 1.76
11 3 20 41 1.5
12 515.60 12 453.73 79.46 18 411
13 ™ 3 3.61 1.6
14 1,205.23 7 1,120.86 284.40 1.6 2.34
15 1,510.97 34 865.24 297,49 1.6 1.31
16 34.00 1 33.68 6.94 1.6 3.25
17 317.00 18 259.94 80.84 1.8 1.62
18 35.33 0 35.38 16.30 1.6 BT
19 Q) 41.47 1.6
20 Q) 13.75 18
21 ) 6.01 1.6
22 ™M 92,12 1.6
23 ® 17.16 16
24 ) 5.63 1.6 t
25 ) 19.85 1.8
28 93.37 30.10 1.6 150
CRYS
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Appexorz B.—Ground-water rechargeﬂcgntinued

T

195135
average Diversion- 1828-45  Evapobran-
diversion return aCrBARE spiration Recharge
Avea  {thousands Pereent {thousands (thousands {feect rate (feet
No. of acre-feet} — return of acre-feet} of ncres) per year)  per yeal}
1 23.60 35 15.34 4.45 1.0 2,45
2 223.24 33 149.57 37.38 1.1 2.90
3 403.16 14 346.72 39.61 1.2 7.55
4 405.22 43 T 173.98 45.48 1.8 2.53
5 170.56 52 £1.87 25.19 1.3 1.85
6 1,309.22 13 1,217.32 125.83 1.3 7.68
7 304.26 20 24341 72.13 1.3 2.05
8 567.5% 20 454.02 §3.45 1.3 3.66
e Q] 20 81.85 1.5
0 538.68 20 466.94 159.2L 1.5 1438
1l Q) 20 .21 1.5
12 418,50 12 368.28 84.11 i8 2,78
13 ™ 3 5.27 1.6
14 1,056.80 7 082,64 285.09 1.6 1.73
15 1,257.02 34 830,23 267.05 1.6 1.51
16 37.24 1 36.87 12.85 1.6 1.27
17 308.98 i8 253.36 75.62 1.6 1,75
13 26.66 0 26.66 15.68 1.6 A1
19 M 39.4% 1.6
20 28,90 20.81 1.6 qQ
21 ) 21.10 1.6
22 ) 6.74 1.6
23 4408 15,08 1.6 1.33
24 ] 3.87 1.6
pdss : 63.05 21.12 1.8 1.33
28 97.08 26.37 1.5 2.08

CRYS
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APPEWDIL B.—-Ground-wate’ reaharge———Continued

193640 Average

average Thversion-~ 1699-45 Tvapoiran-

diversion rehurn acreage gpiration Recharge

Aren {thousands Percent ghousands (thousands (fest rate {feet
Wo, o acre-feet)  return of acre-lest) of acres) per year}  Per year}
1 36.22 35 23.54 4,46 1.0 4.29
2 263,00 33 176.21 47.38 11 3.61
3 432.56 14 372.00 19.61 1.2 8.19
4 351.84 43 200.55 45.48 1.3 411
5 104.84 52 9352 25.19 1.3 241
6 1,485.64 13 1,292.51 135.88 13 B.22
7 352.82 20 281.86 72.78 1.3 2.58
& 560.25 20 520.22 93.45 1.3 4.27
4 Q! 20 61.95 1.5

10 §25.82 20 500.66 16921 1.5 1.64
11 Q! 20 21 1.5

12 473.72 12 416.87 84,11 1.6 3.86

13 M 3 5.27 1.6

14 1,176.66 7 1,{)94.29 205.09 18 2.11

15 1,269.80 34 838.07 267.06 1.8 1.54
16 4146 - 1 41.05 12.85 1.6 © 159

17 345.08 18 282.97 75.62 1.6 2.14

18 33.14 v} 33.14 15.58 1.6 B3

19 108.04 39.49 1.6 1.14

20 46.88 20.51 1.8 65

Z1 160.06 21.10 1.6 5.99

22 94.62 6,74 1.6 12.432

23 ’ 55.60 15.04 1.6 2106
24 Q) 3.87 1.8

25 7754 21.12 1.6 2.07

28 97.88 26.37 1.8 2.11

CRYS
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Arvenpir B.-—Ground-woter recharge—Continued

104145
average
diversion
fthousands
of acre-feet}

(SIS T I S

[
o= e R v s B 2]

12
13
14
15

16
17
18
19
20

Z1
22
23
24
25

28

43.84
272.90
418.82
334.08
185.22

1,449.26
357,08
§25.44

*)
655.64

Q]
433.28
]
1,218.04
1,233.90

45.24
31%.60
45.36

Percent
refurn

35
33
14
43
52

13
20
20
20
20

20
12
3
)
34

Diversion-
refurn
(theusands
of acre-feet)

28,50
182.84
360,19
190.94

88.81

1,260.86
256.38
500.35

525.31

381.80

1,132.78
814,37

44.79
962.07
45.36
B7.84
53.96

171.68
118.72
64.00
M
817.20

80.66

1945 Evapotrane.
BCTEEZE spiration Recharge
(thousands {faet rate {feet
of acres} per year) per year)
4.95 1.0 4.76
57.58 11 3.77
40.71 1.2 T.85
43.4% 1.3 3.10
32.98 1.3 1.40
136.92 1.3 7.91
74,64 1.3 2.54
93.93 1.3 403
60.18 1.5
174.73 1.5 1.51
4] 1.5
88.76 1.6 2.70
6.93 1.6
305.78 1.8 2.10
236.61 1.6 1.84
18.75 1.6 79
70.3% 1.6 2,12
14.86 16 1.45
47.50 1.6 74
27.86 1.6 .34
36.19 1.6 3.14
4,38 1.6 25.86
12.93 1.6 3.36
.10 1.6
22.59 16 2.26
22.63 1.6 1.94
CRYS
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REGIONAY, AQUIFER-SYSTEM ANALYBIS

—”_’F___’______,_._-———————_—f—'*’—-’—

Arvea
No.

1846-50
AVErage

diversion
fthousends
of acre-feet)

56.60
286.16
431.88
342.10
201.32

1,406.36
412.40
669.48

"
700.64

®
440.24

Q!
1,276.98
1,263.60

52.62
351.54
41.58

Percent
return

35
33
14
43
52

13
20
20
20
20

20
12
3
7
a4

Niversion-
return
(thousands
of acre-feat)

36.79
191.73
37142
195.00

96.63

1,301.83
329.92
535.58

560.51

387.41

© 1,187.59

833.98

52.08
288.26
41.58
96.40
58.46

189,92
105.48
69.10
03
98.36

102.26

1945

acreage
(thousands
of acres)

4.95
31.68
40.71
43,42
32.98

126.92
74.64
93.93
60.18

174.73

Y
B3.76
6.83
306.78
236.61

18.75
70.39
14.86
37.50
27.86

36.19
4.36
12.88
2.10
22.59

22.63

AprEnDiz B.—Cround-water recharge—Continued

Fwvapoiran-
spiration
{feet
per year?

1.9
1.1
1.2
1.3
1.3

1.3
1.3
1.3
1.5
La

1.5
1.6

1.6

1.6
1.8

1.6
1.6
1.6
1.6
1.6

1.8
1.6
16
1.8
1.6

1.8

__SNAKE RIVER PLATN, IDAHOC

Recharge
rate {feef
per year)

§.43
4.00
7.92
3.19
1.63

8.21
3.19
4.40

191

2.76

2.28
1.92

1.18
2.50
1.20
87
.50
3.65
22.589
3.74
2,75

2.92

CRYS
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APPENDI B —Ground-water recharge_Conﬁnued

1961-55
BvErage Diversion- 1959 Evapotran-
- diversion return pereags gpiration Recharge
Ares {thousends Percent {thousands {thousands (faet rate (fest
No. of pere-fest)  return of pere-feet) of acrae} per year}  PeT year}
1 65.82 35 42,18 29.87 1.0 0.44
2 287.16 a3 159.10 39.04 1.1 4,00
3 447.40 14 38476 28.31 1.2 12,39
4 362.06 48 206.37 36.81 1.3 431
& 218.66 53 104.98 22.80 1.3 3.30
& 1,584.54 13 1,378.55 126.38 1.3 9.61
i 428.44 20 343.55 78.73 1.3 3.08
8 686.70 20 548.36 94.81 1.3 4,49
9 M 20 84,00 1.5
10 725.6% 29 580.50 147.04 1.5 2.45
11 " 20 20.45 1.5
12 450.08 12 396.07 80.52 1.6 3.32
13 Q) 3 26.60 1.6
14 1,319.32 7 1,226.97 190.77 1.6 4.83
15 1,305.78 34 861.81 256.22 1.6 1.76
18 57.26 1 56.69 415 1.6 12.06
i ag4,40 18 208.81 60.98 1.6 3.30
18 43.38 G 43.38 19.28 1.6 .64
i3 . 86.490 28.53 1.6 1.43
20 6112 1B.06 1.8 1.82
21 236.12 29.37 1.6 6.44
22 100.92 11.97 1.6 §.83
23 74.84 23.66 1.6 1.56
24 ] 2431 1.6
25 : 88.93 26.48 1.6 2.14
26 £9.42 - 22.93 1.6 2.530

CRYS
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REGIONAL AQUIFER—SYSTEM ANALYSIS—BNAKE RIVER PLAIN, IDAHO

Aprpnorx Bo—Ground-water recharge-—Continued

Iy

1456--60
BVErage Diversion- 1959 Fvapotran-
diversion return acreage spiration Recharge
Area  (thousands Percent (thousands {(thousands (fect rate (feet
No. of merefest) return  of nore-feet) of mores} per year) par year)
1 70.68 a5 45.84 29.67 1.0 .66
2 334.62 33 224 20 39.04 1.1 4.64
3 471.32 14 405.34 28.31 1.2 13.12
4 383.06 43 218.34 36.81 1.3 4,63
5 241.18 52 11597 22 80 1.3 3.18
51 1,546.24 13 1,432.23 126.38 13 10.03
T 453.54 20 362.83 78.73 1.3 3.31
8 710.08 20 568.06 94.01 13 4,69
9 ™ 20 £4.00 1.5
10 755.94 20 604.75 147.04 1.5 261
11 63.26 20 50.61 20.45 1.5 a7
12 460,22 12 404.99 80.52 1.6 3.43
13 53.356 3 51.7b 24,60 1.6 15
14 1,294.20 7 1,203.61 180.77 1.6 T4
1b 1,254.88 34 A28.22 258.22 1.6 1.63
16 63.54 1 62.90 4,15 L8 13.56
N 367.44 18 301.30 60.98 1.6 8.34
13 38.58 0 38.88 18.38 18 41
18 a3.85 28.53 1.8 1.69
20 &0.80 18.04 1.6 1,77
Z1 27H.78 29.37 1.6 7.7%
22 00.20 11.97 18 5.94
23 69.12 23.66 1.6 1.32
24 Q] 24.31 1.5 .
25 . 96.74 26.48 18 2.056
26 67.42 22.93 is 1.34

CRYS
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Appenpix Bi—Ground-woter recharge—Continued

.

1861-65
average : Diversion- 1966 Tvapotran-
diversion return acreage spiration Recharge
Atoan  (thousands  Percent {thousands {thousands (feet rate (fest
Mo,  of sere-feety  return of acrefeety  -of geres) per year)  Der year)
1 56.70 35 36.86 21.56 1.0 .71
2 324.26 33 217.25 39.61 1.1 438
3 459,80 14 395.51 42.70 1.2 8.05
4 365.52 43 208.35 62.4b 1.3 2.04
b 258.78 52 124.21 57.87 1.3 B85
6 1,497.28 13 1,302.63 139.30 1.3 8.056
7 371.66 20 997.25 g81.56 1.2 2.34
3 687.54 20 534.03 100.29 1.3 4.03
9 ] 20 50.08 1.6
10 G76.82 20 541.46 153.87 1.5 2.02
11 g2.64 20 66.11 35.13 1.5 .58
12 418,66 <12 368.33 94.68 1.6 2.29
13 52,42 3 50.85 32.48 16 0
14 - 1,140.46 T 1,060.63 228,41 16 3.02
15 1,201.50 34 793.25 276.86 1.8 1.27
16 57.B4 1 57.28 2.94 1.6 17.88
17 343.10 18 281.34 57.08 1.8 3.33
i8 42.20 i} 42 20 8.39 1.8 3.43
19 B7.88 28.19 . 1.6 1.52
20 58.58 20,30 1.6 1.29
21 223.84 17.96 1.6 10.86
22 183.24 2.14 18 19.54
23 74.02 17.08 1.8 2.78
24 33.40 17.76 1.8 28
25 85.60 20.27 1.6 2.67
26 71.74 18.582 18 2,21
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Appspix B —Qround-water rechorge—Continued

1966-70

average Diversion— 1966
diversion ) refara acreage
Area [{thousznds  Percent {thousends  {thousands
No.  of mere-feet) return of acre-feet} of acres)
1 59.88 . 38.91 21,58
2 341.90 33 . 220.07 39,61
3 453.82- 4 390.29 42.75
4 376.64 43 214.68 62.45
& 300.84 B2 144.40 57.87
8 1,611.22 13 1,401.76 1%8.80
T 379.08 20 308.26 81.566
8 702.48 a0 561.98 100.29
9 Q) 20 50.09
10 736.10 20 FB88.BB 153.67
11 108.30 20 86.64 36.13
12 470.48 12 414.02 94.68
13 52.42 3 50.85 32.48
14- 1,290.72 7 1,200,287 229,41
18- 1,274.84 34 §41.06 276.86
18 65.74 1 65.08 2.04
17 367.26 18 . 301.16 57.09
18 34.02 0 34.02 8.39
19 83.10 28.10
20 61.58 20.30
21 248,64 17.58
22 132.380 9.14
23 56.52 17.08
24 52.38 17.75
25 106.30 20.27
26 81.48 18.82

Evapdﬁrah-

spiration  Recharge
{feet rate (feet

per year)  per yesr)
1.0 0.80
1.1 4,68
1.2 7.93
13 2,14
1.3 1.20
1.3 B8
1.3 2,49
1.3 4,30
1.5
1.5 2.33
1.5 87
18 277
1.6 0
1.6 3.63
1.6 1.44
1.6 20.54
1.6 3.68
1.8 245
1.6 1.35
1.8 143
1.6 12.24
1.8 12.87
1.6 2.28
1.8 22
1.6 3.64
1.6 2,13
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APPENDIXES A-C

Arpennm B.—Ground-lyoter recharge-—Continoed

197175

average Hversion- 1972 Evapotran-
diversion return gereage spiration  Recherpe
Area  (thousands  DPercent (thoussnds  {housands (feet rate (feet
No. = of acre-feet) return  of acrefeet) of acres) per year} per year)
i 60.88 35 49.57 1] 1.0
2 337.12 33 225,87 35.82 i1 5.19
3 427,34 14 367.51 31.15 1.2 10.60
4 282,44 43 217.99 29.02 1.3 6.21
b5 281.34 52 125.48 24.64 1.3 3.74
& 1,774.38 13 1,643.71 123.42 1.3 11.21
7 398.10 20 318.48 75.31 1.3 2.93
B 751.16 20 600,93 105.84 1.3 4.38
8 ) 20 38.77 1.5
10 740.14 28 692.11 103.88 1.6 4.20
11 107.28 20 85.82 39.65 1.5 .66
12 443.92 12 380.65 85.78 1.8 2.95
13 51.44 3 49.90 2341 18 53
14 1,210.92 7 1,128.18 17172 1.6 4.95
15 1,165.84 34 T69.48 222.04 18 1.87
15 62.04 1 61.42 19,33 1.6 1,58
17 352.04 18 288.67 4882 1.6 491
13 70.22 0 7G.22 0 1.6
19 58.47 27.81 i8 B8
20 65.50 1791 1.6 2.10
21 3617.68 33.42 1.6 7.61
22 100.72 8.00 1.6 10.98
23 80.06 15.76 1.6 3.48
24 41.58 16.45 1.6 93
25 121,60 31,47 18 2.26
28 111.86 24.85 1.6 2.50

g5
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100 REGIONAL AQUIFER-SYSTEM ANALYBIS—3SNAKE RIVER PLAIN, IDAHO

ArpENDD B —Oround-water recharge—Continued

1876-80
average DHversion— 1978 Evapotran-
diversion return acrerge spiration Recharge
Area  {(thousands  Percent {thousands {thousands {feet, rate (feet
No. of acre-feet)  return  of acre-feef) of acres) per yesr)  Der year)
1 58.34 35 a7.92 0 1.0
2 302.06 33 202.38 35.82 1.1 4.55
3 367.90 14 316.38 31.15 1.2 8.96
4 268.06 43 147.08 20.02 1.3 3.77
] 225,86 52 110.33 24.64 1.3 3.18
6 1,379.10 i3 1,189.82 123.42 1.3 8,42
7 355,84 20 284,67 75.31 1.3 2.48
8 §95.74 20 556.59 106.84 1.3 3.96
9 269.60 20 207.68 38.71 s 3.86
10 657.80 20 526.24 103.88 1.5 3.57
11 112,88 20 90,30 35.69 1.5 78
12 391.12 12 344,19 86.78 1.6 241
13 §52.06 3 50.50 28,41 1.6 b6
14 995.84 7 8926.13 171.72 1.6 3.73
5 1,116.12 24 136.64 22%.04 1.6 172
16 62.54 1 61.91 19.33 1.6 1.60
¥ 297.88 18 243.85 48.8%2 1.6 3.89
i8 38,12 0 38.12 0 1.6
19 62,88 27.81 16 .66
20 57.04 17.711 1.6 1.682
21 209.68 33.42 1.6 1.67
22 77.94 8.00 186 8.14
23 : 52.14 15.76 1.6 : 2.34
24 32.48 16.46 1.6 A7
25 80.64 3147 - 1.6 1.26
28 108.68 24.85 1.6 2.77

‘Records unevailabla,
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APPENDIXES A-C
Arpanp C.—Snils

This nppendix Hsts selected information from the general soils map (U.S,
Soil Conservation Service, 1976) used o estimate recharge to the ground-wa-
fer system. Sofls were generalized fmto three classes on the basis of their
hydrolagic group and thickness. Hydrologic gvoups are used fo estimate rain-
fall runoff, which is influenced by depth to a water tahle or impermeaple had.
rock, infiltration refe, and depth to layers of low-permeability soils (1.8, Soil
Conservation Servies, 1976). Four hydrelegic groups are defined: (A) low run-
off potential; {(B) moderately low rumeff potential; () mederately high runeff
potential; and (D) high runcff potential, Depth of sofl is the depth to a limit-
ing layer such as bedrock, fragipen, or gravel, Three groups of infiltration-rate
potential were used in this report: (1) high infiliratien-rate potential (hydro-
logie groups A and B), little or no soil cover, typically recent lava flows; (2}
moderate infiltration-rate poiential (bydrologie groups B and ©), thin soil
cover (less than 40 in}, fypically allavium and thin loess deposits; and (3} low
infiltration-rate potential thydrelegic groups C and D), thick soil cover
(greater than 40 in.), typicelly lasustrine and thick loess deposits. The follow-
ing table lists textural, hydrologic, and thickness information for seil units in
the eastern Snake River Plain,

[-—, no data available]

Depth to
limiting
Sequence layer Hydrologie Infiltration-
HNo, Textural description {inches) group rate group
12 Loamy, skeletal 200 B 2
13 Clayey >4 C, b 3
14 Loamy =60 D 3
16 Loamy, silty and Inamy 2040 B, D 3
17 Silty, loess 2040 C,D 3
18 Bilty or loamy »>60 B,C 3
21 Sandy, silty 40-80 B 2
28 Loamy, rock cuterops 20-40 c 2
26 Silty, loess 20-40 B, G 3
23 Loamy »>40 G D 3
30 Silty 2040 B, C 3
31 Silty, lonmy >40 B, D 3
32 Loamy 2049 B D 2
33 Loamy — B 2
34 Loamy, skeletal 2040 B z
a5 Skeletal, loamy 2040 B 2
48 Silty >80 B, C 3
47 Bilty, loamy >60 B, CD 3
48 Clayey, loany, silty 40-60 B, C 3
62 Clayey, sandy, loamy >40 c 3
64 Skeletal and caleie, clayey <20 e, D 3
Ga Sendy =60 A 2
687 Sandy, loamy 60 AB 2
69 Bilty, loess >80 B 3
70 Loamy 40-60 )z} 2
72 Sheletal, loamy <20 B 2
77 Silty =40 C, B 3
82 Sandy, loamy >80 A D a
238 Ekelstal and stony >60 B 2
112" Loamy 20-40 D 3
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F102 " REGIONAL AQUIFER-SYSTEM ANALYSIS—SNAKE RIVER PLAN, IDARQ

Aspexply CSoils—Continued

Depth to
limiting
Bequence ) layer Hydrologic Infiltration-

No. Textural deseription {inches) group rate group
118 Silty >60 D 3
188 Loamy 2040 B, C 2
180 Clayey ) 20-40 c 3
191 Leamy 20-40 AB 2
198 Calcie 20-40 B 2
200 Loamy, silty >80 B 3
201 Clayey and stony 40-60 ) 3
206 Skeletal, clayey <20 D 3
207 Loamy, skeletal 20 B,CD 3
215 Loamy 2040 cD 2
220 Sandy >80 A 2
221 Loamy 40 B 2
227 Loamy 40-60 B,C 3
225 Silty . >60 B 3
234 Skeletal 40 A 2
235 Loamy, skeletal »60 B 3
244  Silty >60 B 3
246 Sandy >60 AD 2
248 Loamy 40 B 2
250 Loamy >60 B 3
251 Silty or loamy >80 B C 3
ag2  Silty >80 B 3
257 Loamy 40 B 2
269 Loamy 40 B 2
265 Silty >0 B C 3
266 Silty . >80 B,C 3
267 Loamy 20 B, D 2
268 Lozmy 40 B 2
271 Loamy 20-60 B, D 3
274 Canyon walls 3
275 Bare lava flows 1
276 Hillslopes, rocky 2
277 Active sand dunes 2

2

278 Mountains, rocky
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