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FOREWORD 

THE REGIONAL AQUIFER-SYSTEM ANALYSIS PROGRAM 

The Regional Aquifer-System Analysis (RASA) Program was started in 
1978 following a congressional mandate to develop quantitative appraisals of 
the major ground-water systems of the United States. The RASA Program 
represents a systematic effort to study a number of the Nation's most 
important aquifer systems, which in aggregate underlie much of the country 
and which represent an important component of the Nation's total water 
supply, In general, the boundaries of these studies are identified by the 
hydrologic extent of each system and accordingly transcend the political 
subdivisions to which investigations have often arbitrarily been limited in the 
past. The broad objective for each study is to assemble geologic, hydrologic, 
and geochemical information, to analyze and develop an understanding of the 
system, and to develop predictive capabilities that will contribute to the 
effective management of the system. The use of computer simulation is an 
important element of the RASA studies, both to develop an understanding of 
the natural, undisturbed hydrologic system and the changes brought about in 
it by human activities, and to provide a means of predicting the regional 
effects of future pumping or other stresses. 

The final interpretive results of theRASA Program are presented in a series 
of U.S. Geological Survey Professional Papers that describe the geology, 
hydrology, and geochemistry of each regional aquifer system. Each study 
within the RASA Program is assigned a single Professional Paper number, 
and where the volume of interpretive material warrants, separate topical 
chapters that consider the principal elements of the investigation may be 
published. The series of RASA interpretive reports begins with Professional 
Paper 1400 and thereafter will continue in numerical sequence as the interpre-

tive products of subsequent stu~ "7. 4 
Dallas L. Peck 

Director 
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HYDROLOGY AND DIGITAL SIMULATION OF THE REGIONAL AQUIFER 
SYSTEM, EASTERN SNAKE RIVER PLAIN, IDAHO 

By S.P. GA.RABEDIA 

ABSTRACT 

The occurrence nnd movement of wate.r in the regional aquifer 
system that underlies the eastern Snake River Plain, Idaho, de­
pend on the transmissivity and storage capacity of rocks that 
compose the geologic framework and on the distribution and 
amount of recharge and discharge of water within that frame­
work. On a regionaJ scele, most water moves horizontally through 
interfiow zones in Quaternary basalt of the Snake River Group. 
In recharge and discharge areas. water also moves vertically 
along joints and interfingering edges of basalt flows. Aquifer 
thickness is largely unknown, but geophysical studies suggest 
thnt locally the Quaternary basalt may exceed aeveraJ thousand 
feet. Along the margins of the plain, sand and gravel severnl 
hundred feet thick transmit large volumes of water. 

Regional ground-water movement is generally from northeast 
to southwest, from areas of recharge to areas of discharge. Re­
charge is from seepage of surface water used for irrigation, 
stream and cenaJ losses, underflow from tributary drainage ba­
sins, and infiltration of precipitation. Aquifer ruscharge is largely 
spring Dow to the Snake River and water pumped for irrigation . 
Major springs are near American Falls Reservoir and along the 
Snake River from Milner Dem to King Hill. 

Regional ground-water flow was simulated with numerical 
models. Initially, a two-dimensional steady-state model that in­
cluded a nonlinear, least-squares regression technique wae used 
to estimate aquifer properties. Later, a three-dimensional steady­
state and transient model was used to replace the two·dimen­
eional model. Three-dimensional model results indicated that 
average total transmissivity ranged from about 0.06 to 120 feet 
squared per second and vertical leakance ranged from about 
3d0·10 to 6><10·• feet per second per foot of aquifer thickness. 

The three-dimensional traneient model wee used to compare 
measured and estimated long-term changes in ground-water dis­
charge and. water levels with simulated values. Initial bead con· 
ditione used in transient simulations were derived from a 
steady-state solution of estimated preirrigation bydrologic condi­
tions. Transient simulations were 5-year stress periods beginning 
in 1891 and ending in 1980. Recharge for each ebess period from 
1926 to 1980 was estimated from surface-water irrigation, pre· 
cipitation, and streemflow records. Recharge for stress periods 
from 1891 to 1925 was based on the average value for stress peri­
ods from 1926 to 1980 and was indexed to estimated irrigated 
acreages. Average annual tributary drainage-basin underflow for 
stress periods from 1891 to 1910 was celculated by using basin· 
yield equations. Underflow for stress periods from 1911 to 1980 
was varied by use of streamflow records. 

Transient simulations reasonably approximated measured 
changes in aquifer heed and ground-water discharge that re­
sulted from use of surface water for irrigation. Irrigation with 
surfnce water peaked in about 1950; subsequent increaees in irri­
gation have been supplied largely by ground water. The three-

dimemrionaJ model simulated water-level declines and reduced 
ground-water <lischarge caused in _part by increases in ground­
water pumping. 

The transient model was used to simulate aquifer changes 
from 1981 to 2010 in response to three hypotheticaJ development 
alternatives: (1) Continuation of 1980 hydrologic conditions, (2) 
increased pumpage, and (3) increased recharge. Simulation of 
continued 1980 hydrologic conditions for 30 years indicated that 
head declines of 2 to 8 feet might be expected in the centrel part 
of the plain. The magnitude of simulated heed declines was con­
sistent with head declines measured during the 1980 water year. 
Larger declines were calculated along model boundaries, but 
these changes may have resulted from underestimation of tribu­
tary drainage-basin underflow and inadequate aquifer definition. 
Simulation of increased ground-water pumpage (an additional 
2,400 cubic feet per second) for 30 years indicated head declines 
of 10 to 50 feet in the centrnl part of the plain. These relatively 
large head declines were accompanied by increued simulated 
river leakage of 50 percent and decreased spring discharge of 20 
percent. The effect of increased recharge (800 cubic feet per sec­
ond) for 30 yeus was a rise in simulated beads of O to 5 feet in 
the central part of the plain. 

INTRODUCTION 

The Snake River Plain regional aquifer study is 
one of the studies undertaken in the U.S. Geological 
Survey's Regional Aquifer-System Analysis CRASA) 
program. As stated by Lindholm (1981), the purposes 
of the study were to (1) refine knowledge of the re­
gional ground-water-flow system, (2) determine ef. 
fects of conjunctive use of ground and surface water, 
and (3) describe the chemistry of ground water. Pre-­
liminary interpretive reports generated by the Snake 
River Plain RASA study as of 1988 include (1) a re­
gional water-table map and description of the 
ground-water-flow system (Lindholm and others, 
1983, 1988); (2) results of geohydrologic test drilling 
in the eastern Snake River Plain (Whitehead and 
Lindholm, 1985); (3) water withdrawals for irrigation 
(Bigelow and others, 1986); (4) a ground-water-flow 
model of the eastern Snake River Plain (Garabedian, 
1986); (5) water budgets and flow in the Snake River 
(Kjelstrom, 1986); (6) a map of land use showing 
irrigated acreage (Lindholm and Goodell, 1986); (7) 
a description of the geohydrologic framework 

Fl 
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(Whitehead, 1986); and (8) a description of surface­
and ground-water quality (Low, 1987). 

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

Chapter A is a summary of the aquifer system. 
Chapter B describes the geohydrologic frame­

work, hydraulic properties of rocks composing the 
framework, and geologic controls on ground-water 
movement. 

Chapter C describes ground-water/surface-water 
relations and ground-water budgets. 

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

Chapter E describes water use. 
Chapter F (this report) describes results of ground­

water-flow modeling of the eastern Snake River 
Plain. 

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

PURPOSE AND SCOPE 

This report describes the use of a ground-water-flow 
model to refine and extend knowledge of the regional 
ground-water-flow system in the eastern Snake River 
Plain (fig. 1). Two-dimensional ground-water-flow mod­
els were used in previous studies to simulate a hydro­
logic system that is largely three dimensional. 
Therefore, in this study, a three-dimensional model 
was used to (1) evaluate the significance of vertical 
variations in hydraulic conductivity and changes in 
head with depth, (2) evaluate the effect of sediment 
interbeds on regional ground-water flow, (3) simulate 
historical changes in the hydrologic system as a result 
of irrigation, and (4) estimate future hydrologic changes 
that might result from implementing various manage­
ment alternatives. 

WCATJON AND DESCRIPTION OF STUDY AREA 

The eastern Snake River Plain extends across 
southern Idaho (fig. 1) and is about 170 mi long, 60 
mi wide, and 10,800 mi2 in area. Altitudes range 
from about 2,500 ft above sea level near King Hill (pl. 
1) on the west to more than 6,000 ft in the northeast­
ern part of the plain. Mountains bordering the plain 
are 7 ,000 to 12,000 ft in altitude. 

The eastern plain is entirely within the Snake 
River drainage basin. Major tributaries that con­
tribute flow directly to the Snake River upstream 
from King Hill are the Henrys Fork of the Snake 
River (hereafter referred to as Henrys Fork); the 
Blackfoot, Portneuf, and Big Wood Rivers; and the 

Salmon Falls Creek (pl. 1). Tributary streams along 
the northwestern edge of the plain, with the excep­
tion of the Big Wood River1 lose all their flow to 
infiltration and evapotranspiration after reaching 
the plain; these streams include the Big Lost River, 
Little Lost River, Birch Creek, Medicine Lodge 
Creek, Beaver Creek, and Camas Creek. Most 
tributary streams originate in intermontane valleys 
that are generally perpendicular to the longitudinal 
ax.is of the eastern plain. Peak flows in unregulated 
streams are primarily from snowmelt during spring 
and early summer. Most regulated streams have re­
duced peak flows and higher average summer flows 
when stored surface water is released and diverted 
for irrigated agriculture. 

Annual precipitation on much of the plain ranges 
from 8 to 10 in. (fig. 2), whereas precipitation on 
higher mountains within the Snake River basin ex­
ceeds 60 in. Most precipitation on the mountains is 
winter snowfall; precipitation on the plain is more 
uniformly distributed throughout the year (fig. 3). 
Cumulative departures from mean monthly precipita­
tion at four stations on the eastern plain are shown 
in figure 4. General trends in precipitation for the 
eastern plain during the past 50 years include wide­
spread drought from 1930 to 1935, 1952 to 1962, and 

FIGURE !.-Location of study area. 
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1977 to 1978, and wet periods from 1936 to 1942 and 
1963 to 1976. 

Natural vegetation on the plain is sparse because 
of the semiarid climate; sagebrush and bunchgrasses 
predominate. Most agricultural crops are irrigated, 
although dryland farming is moderately successful 
during wet years. Major crops are potatoes, small 
grains, sugar beets, beans1 alfalfa seed, and hay. 
About 25 percent of the Nation's potatoes are pro­
duced on the eastern plain (Idaho Department of Ag­
riculture, 1980, p. 5). Irrigated crop production on the 
eastern plain introduces about $600 million annually 
into Idaho's economy (Idaho Department of Agricul­
ture, 1980, p. 24). 

PREVIOUS INVESTIGATIONS 

Numerous investigators have studied and reported 
on the geology and ground-water resources of the 
eastern Snake River Plain. Notable early studies 
were by Russell (1902) 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), 
Norvitch and others (1969), and Mantei (1974) used 
electric analog models to study the regional aquifer 
system in the eastern plain, whereas deSonneville 
(1974) and Newton (1978) used numerical models to 
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study the regional system. Wytzes (1980) modeled the 
alluvial aquifer in the Henrys Fork and Rigby Fan 
area, and Johnson and others (1984) modeled the al­
luvial and basalt aquifers in the Mud Lake area. Sol­
ute transport of radioactive wastes at the Idaho 
National 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 
U.S. Geological Survey in Idaho 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 1/, 

section (160-acre tract), ¼-¼ section (40-acre tract), 
and ¼-11,-¼ section (10-acre tract). The last number 

FtGURI!! 6.-Well-numbering system. 

is 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 quarter sections, 40-acre and 
10-acre tracts are lettered in the same manner. For 
example, well 7S-15E-12CBA1 is in the 
NE¼NW¼SW¼ sec. 12, T. 7 S., 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 basalt of the Snake River 
Group (included in QTb on pl. 2). Basalt, interbedded 
with terrestrial and lacustrine sediments, along the 
margins of the plain fills a structural basin defined 
by faulting on the northwest and downwarping and 
faulting on the southeast (Whitehead, 1986). Electri­
cal-resistivity soundings and other geophysical evi­
dence indicate that aggregate basalt thickness may, 
in places, exceed several thousand feet (Whitehead, 
1986). The structural basin was formed as the result 
of Cenozoic tectonic stresses and is a transition zone 
between the Basin and Range province to the south­
east and the Northern Rocky Mountain province to 
the north and east. 

Silicic volcanic rocks, including rhyolite, latite, and 
andesite, are present near the margins of the plain as 
thick flows of welded tuff, ash, and pumice. The 
northeastern end of the plain is delimited by rocks of 
the Yellowstone Group (mainly rhyolite). Idavada 
Volcanics are present southwest of the plain and may 
underlie the entire eastern plain. Underlying the 
Quaternary basalt in the southwestern part of the 
eastern plain are Tertiary sedimentary rocks of the 
Glenns Ferry Formation and 'Tertiary Banbury Ba­
salt, both of which are part of the Idaho Group (pl. 2). 
Granitic 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 southeast and perpendicular to its axis are 
several intermontane valleys and block-faulted moun­
tain ranges. 

Kuntz (1978, p. 9) noted that volcanism on the 
eastern plain was localized along rift zones (pl. 2). 
Rifts appear to be extensions of basin-and-range 
structures (faults) that are present northwest and 
southeast of the plain. Kuntz (1978, p. 13) indicated 
that faults are abundant owing to northeast-south­
west extension along the axis of the eastern plain. 
In some places, this extension has caused open fis­
sures at land surface. 
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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 25 ft thick and 50 to 
100 mi2 in areal extent. Consequently, individual 
basalt flows cannot be correlated over great dis­
tances. Rubble and clinker zones 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 tnore 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 vesicles. 

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 to thou­
sands of feet in length. Lava tubes have been 
penetrated in the subsurface, as evidenced by drill 
sterns suddenly dropping as much as several tens of 
feet. 

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 
basalt flows, fme-grained lacustrine sediments pre­
dominate. Soil cover on the plain is minimal over 
younger basalt and consists primarily of windblown 
material. Most agricultural soils are in areas of flu­
vial and lacustrine sediment.a near the margins of the 
eastern plain. 

HYDROLOGY 

SURFACE 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 tributary drainage-basin yield to the 
eastern plain. Another 23 percent of tributary drain­
age-basin yield is from Henrys Fork~ and 10 percent 
is from northern tributaries. Most of the remaining 
yield from tributary drainage basins is from the 
Blackfoot, 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 King Hill (altitude 2,495 ft), 307 
river miles downstream, and is entrenched as much 
as 700 ft in the reach from Milner to King Hill. 

Surf ace water is used extensively for irrigation on 
the eastern plain; more than 9 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 about 5 million 
acre-ft in 1980 (Kjelstrom, 1986). 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 
eastern Snake River Plain. Consequently, changes in 
the amount of water used for irrigation must be 
known to model the ground-water-flow system. Use of 
surf ace water for irrigation increased rapidly after 
1880. Decreed surface-water Tights on the eastern 
plain increased from 204 ft8/s in 1880 to 25,527 ft3/s 
in 1905 (Idaho Department of Reclamation, 1921, 
pl. XXV). Earliest irrigation was concentrated along 
Henrys Fork, the upper Snake 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 reservoixs and canals (table 1). 

By 1929 about 1,640,000 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 inigated 
in 1959-1,430,000 acres with 13urface water and 
400,000 acres with ground water. Most of the land 
irrigated with ground water in 1959 was near land 
irrigated with surface water. However, some land 
shown as irrigated with surface water in 1945 is 
shown 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 1966 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 
acres were irrigated: 1,230,000 with surface water, 
930,000 with ground water, and 110,000 with com-
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T.mz..e 1.-lrrigoted acreage, 1890-1945, and dates surface reservoir storage was added. 
Snake River drainage basin upstream from King Hill 

lrrlga1cd 
ae"rcs along 
Snake River Irrigated Rc1crvoir 
from Heise acres along nam~ Storage 

Year to Nc:clcy licnry• Fork (pl. I) (acre-feet) 

1890 47,000 2,000 
1900 221,000 30,000 
1905 299,000 49,000 Milner Lake 14,200 
1906 Lake Walcott 107,24.0 
1906 Jackson Lake 300,000 

1909 Magic Reservoir 191,500 
1910 372,000 58,000 Sahnon River Canal Co. Reservoir 182,650 
1910 Blackfoot Res.ervoir 413,000 
1910 Jackson Lake (expanded) 380,000 
1911 Oakley Reservoir 74,350 

1915 423,000 62,000 
1916 Jackson Lake (expanded) 847,000 
1919 Mackay Reservoir 44,370 
1920 451,000 65,000 
1921 Mud Lake 61,660 

1922 Henrys Lake 90,420 
1923 Fish Creek Reservoir 13,500 
1924 Grays Lake 40,000 
1926 American Falls Reservoir 1,700,000 
1980 471,000 68,000 

1935 462,000 56,000 
1938 Island Park Reservoir 127,300 
1939 Grassy Lake 16,200 
1939 Little Wood River Reservoir 29,960 
1940 483,000 70000 

1945 497.000 71,000 
1949 Lower Salmon Falls Reservoir 18,500 
1951 Portneuf Reservoir 23,700 
1956 Palisades Reservoir 1,400,000 
1975 Ririe Lake 100,000 

Total storage 5,494,550 

bined surface and ground water. Lindholm and 
Goodell (1986), as part of the RA.SA study, used 
Landsat data to determine irrigated acreage on the 
Snake River Plain in 1980. 

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

Canals shown in figure 6 supply the irrigated ar­
eas shown on plate 3. The Aberdeen-Springfield 
Canal was completed in 1900, the Twin Falls South 
Side Canal in 1907, the Twin Falls. North Side Canal 
in 19111 and the Milner-Gooding Canal in 1930. 

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 of sprinklers to 
distribute water increased irrigation efficiency. About 
20 percent of surface-water-supplied lands and 90 
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TABLE 2.-Comparison. of average an nual crop consumpti tJ~ irrigation 
requirements 

[Values in feet yer year) 

Reportin g source and method 

Suu~r 
Simon, Norvitch a nd Co rey Mo ff:i lt 

(195S) (1966)' (1 970) (l9BO)' 

Modifir.d Vii i Uc 

Lo w.,.._ Jense n- Blaney- Jen,~n- used in 
Loca \lo l'l Johnson Criddle Cr1 ddli, Criddli, pri,senL 

(pl.! ) (1 942) (1 9!\2) ( 1950) (19!\2) sludy 

Aberdeen ... ................... LS 1.23 1.48 1.3 1.5 
American Falls ..... ........ 1.8 1.18 1.5 
Arco ... ... .... .. ... .......... .. .... 1.3 1.15 1.5 
Blackfoot ..... ............ ...... 1.8 1.27 1.44 1.3 
Carey .. ....................... , .. 1,27 1.6 

Dubois ........................... 1.25 1.34 1.3 
Idaho Falls .......... ... ...... 1.18 1.3 1.3 
Jerome .... .................... .. 1. 7 1.64 1.78 1.6 1.6 
Mud Lake .. .............. ... .. l.6 1.16 1.3 
Pocatello ....... ........... .. ... 1.8 1.31 1.68 1.5 

Rupert ,.,, ..... ., .. , ... .......... 1.8 1.48 1.83 1.6 1.6 
St. Anthony .............. .... L 2 .99 1.03 1.0 
Shoshone ..... .. .. ... .. .. .. .... 1.7 1.39 1.80 1.6 

'U.S. Geologico.l Sur,,oy, u npuhli•hed data on me in Boi ,e, Idaho, office. 
'IJ.S, Geological Survey, wrltLen commo n. 

percent of ground-water-supplied lands are now irri­
gated with sprinkler systems (Kjelstrom, 1986). A 
ditch-and-furrow system is used to distribute irriga­
tion water in most other areas. 

EVAPOTRANSPIRATJON 

Evapotranspiration (ET) rates used in this study 
are based on crop consumptive irrigation require­
ments determined by Sutter and Corey (1970). These 
rates represent plant-growth requirements minus 
growing-season precipitation. 

A comparison of results using different methods to 
calculate ET rates at different locations in the Snake 
River drainage basin is shown in table 2. Simons 
(1953) used the Lowry-Johnson (1942) method, which 
is based on daily maximum air temperatures above 
the freezing point during the growing season. R.F. 
Norvitch (U.S. Geological Survey, unpubl. data on file 
in Boise, Idaho, office, 1966) and R.L. Moffatt (U.S. 
Geological Survey, written commun., 1980) used the 
Jensen and Criddle (1952) method, which is based on 
mean monthly temperature, length of growing sea-

son, monthly percent of annual daytime hours, 
amount of precipitation, and crop type. 

Sutter and Corey (1970) calculated ET rates using 
a modified Blaney and Criddle method. Input was 
similar to that used in the Jensen and Criddle (1952) 
method with the addition of a crop-growth stage coef­
ficient. Concurrent with the RASA study, Allen and 
Brockway (1983) adapted the FAQ-Blaney-Criddle 
method to Idaho. The primary data requirement is 
mean air temperature. Although results obtained 
from the different methods are similar, rates calcu­
lated by the Lowry-Johnson method are consistently 
higher than those calculated by other methods. Dif­
ferences between results range from about 20 to 40 
percent, a reasonable range of error in ET estimates. 

GROUND WATER 

The occurrence and movement of ground water in 
the eastern Snake River Plain depend on the hydrau­
lic characteristics of rocks th.at compose the geohy­
drologic framework and on the distribution and 
amount of aquifer recharge and discharge. A general 
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description of hydrologic characteristics of major rock 
units in the eastern plain is presented in the expla­
nation for plate 2. 

Sand and gravel aquifers 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 3x 10-~ to 3 ft/s (Freeze 
and Cherry, 1979, p. 29). Lacustrine silt and clay 
were deposited in lava-dammed streams, in local sur­
face depressions, and by eolian processes. Because 
hydraulic conductivity of silt and clay is low (from 
3xl0"11 to 3><10·4 ft/s), vertical and horizontal flow is 
impeded. In some areas, such 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 3xl0·6 

to 3xl0·1 ft/s , On the basis of transmissivity estimates 
from aquifer tests (Mundorff and others, 1964, p. 146, 
147, 153-155), hydraulic conductivity of basalt in the 
eastern plain was estimated to range from 4x 10-• to 
4x10-1 ft/s (G.F. Lindholm, U.S. Geological Survey, 
written com.mun., 1987). Horizontal water movement 
in basalt is primarily through rubble and clinker 
zones at the tops of flows and between successive 
flows. Water moves between flow tops along joints 
and at interfmgering edges of rubble zones. 

Davis {1969) indicated that hydraulic 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 basalt flows 
is unlikely. However, large-scale fractures in rift 
zones perpendicular to the axis of the plain (pl. 2) 
may cause anisotropy over broad areas. 

Tertiary basalt generally yields less water to wells 
than younger basalt because individual flows are 
thicker and secondary minerals (calcite, clays, zeo­
lites) fill many voids, reducing hydraulic conductivity. 
Tertiary basalt in a test hole drilled during this study 
is more massive and contains more secondary miner­
als than Quaternary and late Tertiary basalts 
(Whitehead and Lindholm, 1985). 

The upper 2,445 ft in a 10,365-ft deep test hole at 
the INEL (Idaho National Engineering Laboratory, 
pl. 1) consists of basaltic lava flows and interbedded 
sediments of alluvial, lacustrine, and volcanic origin 
(Doherty and others, 1979). Basalt above a depth of 
1,600 ft is typically tholeiitic olivine basalt of the 
Snake River Group. Lost circulation ,above 1,600 ft 

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

Fractured silicic volcanic rocks yield moderate 
amounts of water; if the rocks are tightly welded, 
well yields are low. In many locations, particularly in 
fault zones along the margins of the plain, volcanic 
rocks contain thermal water under confined condi­
tions. In the INEL test hole, several thousand feet of 
silicic volcanic rocks below the basalt are hydrother­
mally altered, and nearly all fractures are sealed by 
secondary mineralization. 

Consolidated sedimentary, metamorphic, and igne­
ous rocks that compose mountains 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 V!ELDS, SPECJFIC CAPACITIES, AND 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 basalt indicate that about 75 per­
cent are pumped seasonally at 900 to 3,300 gal/min. 
Pumping drawdown below static water level in 68 
percent of the wells was 20 ft or less. Maximum re­
ported yield from a single well completed in basalt 
was about 7,250 gal/min. Along the margins of the 
plain where sedimentary rocks are interlayered with 
basalt, 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 3,000 gal/min. These data indicate that 
wells completed solely in 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 aquifers. Spe­
cific-capacity data from 176 irrigation wells across 
the eastern plain are presented by county in table 3. 
Largest median specific capacities are from counties 
in the central part of the plain (Jefferson, Minidoka, 
Lincoln, Bonneville), where Quaternary basalts are 
thick and transmissivities high. Lowest median spe­
cific capacities are from counties along the southern 
margin of the plain (Cassia, Twin Falls), where 
Tertiary basalts and sediments predominate. The in-
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TABLE 3.-Specific capacities 1'eported by drille,-s 

[Values in gallons per minute per r01>t or drawdown; QTs, QuateTnary-'rertiary sediment; QTb, 
Quaternary- Terli&ry basalt] 

Number 
County Aquifrr of wells Mean 

Bingham QTs/QTb 16 940 
Bonneville QTb 5 340 
Butte QTb 10 710 
Cassia QTs/QTb 21 1,100 
Gooding QTb 6 1,500 

Jefferson QTb 29 2,120 
Jerome QTb 38 480 
Lincoln QTb 3 320 
Minidoka QTb 19 840 
Power QTs/QTb 21 180 

Twin Falls QTs/QTb 8 190 

dfoated maximums, rrunimums, and standard 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 is due to the discontinuity 
of highly productive zones of rubbly basalt and sand 
and gravel layers and indicates that aquifer proper­
ties change abruptly over short distances. 

Transmissivity values from aquifer tests are in­
dicative of relative areal differences in transmissivity 
but do not generally represent total aquifer transmis­
sivity. Transmissivity and storage-coefficient data 
from 31 aquifer tests reported by Mundorff and oth­
ers (1964, p. 146, 147, 153-155) and by Haskett and 
Hampton (1979, p . 26, 29) are presented in table 4. 
Transmissivities calculated from these tests typically 
represent local conditions around a partially pen­
etrating well. Test data indicate that the upper 100 
to 200 ft of the Snake River Plain aquifer bas a range 
of transmissivity from less than 1.0 to 56 ft2/s and an 
average unconfined storage coefficient of about 0.05. 
The data also show a large variation in transrnissivi­
ty. For example, test data from Butte County in the 
central part of the plain show more than a hundred­
fold difference between low-and high-transmissivity 
values for basalt of the Snake River Group. 

RECHARGE 

Recharge to the eastern Snake River Plain ground­
water system is from seepage of surface water used 
for irrigation, stream and canal losses, underflow 
from tributary drainage basins, and infiltration of 

Standard 
dcvfadon Minimum Maxlmiun Median 

1,710 27 6,400 120 
280 33 680 360 

1,220 3 3,600 130 
2,910 3 10,000 40 
2,920 9 7,450 340 

2,540 18 9,000 950 
550 8 1,850 200 
230 57 460 450 
870 28 3,980 710 
220 1 750 80 

310 1 760 4 

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

Irrigation recharge (ft/yr) ~ 

Dive:rsions-- Return flows (acre-ft/yr) -ET (ft/yr) (l) 
Area (acres) 

Assuming that the ratio of recharge to surface 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 
(Idaho Department of Water Resources, 1980; Water 
Districts 37, 37M, 1980), they were calculated from 
U.S. Geological Survey records (1980) and from U.S. 
Bureau 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 used by Norvitch and others 
(1969), as shown in figure 7 and listed in appendix A. 

Crop consumptive irrigation requirements (table 2) 
were adjusted for precipitation during the growing 
season to calculate recharge. Estimated recharge 
rates and volume of recharge for that part of each 
irrigation area (fig. 7) within the modeled area are 
shown in table 6. The model is discussed in the 
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TABLE 4.-Trcmsmir,siuities and storage coefficients determined by aquifer tests 

[Sources of data: Haskett and Hampton, 1979, p. 26, 29; Mundorff and others, 1964, p. 146, 147, 153-166. Aquifer: 
QTb, Quaternary-Tertiary b11111llt; QTs, Quaternary-Tertiary sediment; -. no data available] 

Specific 
capaci ty Tranffl! is--
(gallon, •ivity 

pet m inute (feet 
WeU Oept.h prr fool squared s,or,,gc 

Cou111y Aquifer location (feet) of drawdown) per second) cotfficient 

Blaine QTb 8S-26E- 3DCC2 185 7.4 

Bonneville QTb 3N-37E-12BD2 550 1,615 11.6 
QTb 1N-36E- lCCl 218 4,570 23.2 0.075 

Butte QTb 6N-31E-13AC1 345 61 1.1 .01 
QTb -13AC2 365 141 1.2 .03 
QTb 5N-31E-10CD1 .9 
QTb 4N-26E-32CB1 253 25 1.1 .024 
QTb 4N-30E- 7 ADl 687 2.6 

QTb 4N-30E-30AA1 646 147 2.3 
QTb -30AA2 1.7 
QTb -30AD1 629 5.7 

QTb 3N-29E-14AC1 696 2,175 21.7 .02 
QTb -14AD1 27.9 .06 

QTb 3N-29E-24AD1 605 5.1 .06 
QTs/QTb 3N-30E-34BA1 653 18 .2 

Q'I's/QTb 2N-29E- lDBl 681 15 .2 

Cassia QTb l0S-21E-34DD1 473 860 9.7 .22 

Fremont QTb 7N-39E-16DBB4. 1,740 55.7 

Gooding QTb 8S-l5E-33CC1 107 15.6 .045 

Jefferson QTb 8N-34E-11DC1 116 2,060 12.4 .055 
QTb 7N-34E-24AA1 106 2,500 7.1 ,10 
QTb 6N-35E-26CC1 300 7.0 .034 

Jerome QTb 7S-l9E-l9AA1 280 2,150 13.3 
QTb 8S-19E- 5DA1 329 88 7.7 
QTb 9S-19E-25BB1 208 1,470 4.3 
QTb 10S-21E,26AAA2 7 1.2 

Lincoln QTb 5S-17E-26AC1 254 1,610 5.6 
QTb 6S-18E- 7BC1 224 457 5.3 

Madison QTb 7N-38E-23DB1 236 1,130 18.6 .000017 
QTs/QTb 6N-38E-25ACB1 685 1,305 23.2 

Minidoka QTb 8S-24E- 8AD2 258 695 13.5 .014 
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numbers refer to data in table 5. Model recharge in W1-

numbered surface-water-jrrigated areas was determined 
by basin-budget analysis 
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Pacific Nonhwest River Basins Commission ( 1979) 
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FIGURE 7.-lrrigated lands, 1979, and numbered surface-water-irrigpted arePS. 
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section 11Ground-Water-Flow Modeling." Total volume 
of ground-water recharge in the modeled area from 
surface-water irrigation in 1980 was estimated to be 
about 4,800,000 acre-ft. 

Irrigation-diversion data from the Idaho Depart­
ment of Water Resources (written commun., 1981) 
were used to calculate 5-year average ground-water­
recharge rates from 1928 to 1980 (appendix B). These 
records are the basis for recharge rates listed in table 
6; calculations are shown 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 1 and 16 changed substantially 
owing to large changes in irrigated area, as shown on 
the irrigated-area maps (pl. 3). Mapped differences in 
irrigated area are assumed to be due largely to actual 
changes in irrigated acreage but may, in part, reflect 
mapping errors. Estimation errors of local scale are 
presumed 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 6-year periods 
from 1891 to 1980 ar,e listed in table 7. Calculations 
for tbe period 1891-1925 were based on the average 
recharge rates shown in table 6, along with 1899 
and 1929 irrigated-acreage maps in various combi­
nations, as listed in table 7. Variations in irrigated 
acreage from 1891 to 1920 were estimated on the 
basis of information in table 1, which indicates that 
about 50 percent of presently irrigated land above 
Neeley was put into production between 1890 and 
1900, Opening dates of major canals, such as the 
Twin Falls North Side and South Side Canals, also 

10 

tll p:: 
z< s~ 9 
,.J .> 
,.J i:ii:: 

i~ 

were considered in estimating other increases in ir­
rigated acreage. Return-flow estimates were based 
on data collected by t he U.S. Bureau of Reclamation 
in 1979-80 and by the U.S. Geological Survey in 
1980 (Kjelstrom, 1986). Few return-flow data are 
available for past years. 

Stream and canal losses also provide significant 
amounts of recharge. Snake River losses to ground 
water totaled about 700,000 acre-ft in 1980, and 
gains from ground water totaled about 7,100,000 
acre-ft (Kjelstrom, 1986). Snake River reach losses 
and gains in 1980 are listed in table 8; average an­
nual losses and gains for 5-year periods from 1912 to 
1980 are listed in table 9. Losses decreased in the 
reach from Heise to near Blackfoot from 1912 to 1980 
as a result of a rise in ground-water levels under sur­
face-water-irrigated lands near the river. Raised 
ground-water levels reduced head differences between 
the river and the aquifer and subsequently reduced 
river losses to the aquifer. Annual ground-water dis­
charge to the Snake River between Blackfoot and 
Neeley was consistently about 1,800,000 acre-ft, but 
annual discharge between Neeley and Milner fluctu­
ated from about 90,000 to 480,000 acre-ft. Variations 
in discharge between Neeley and Milner probably 
result from wet and dry climatic cycles and from er­
ror in the water-budget analysis. Average annual 
ground-water discharge to the Snake River between 
Milner and King Hill increased from about 3,800,000 
acre-ft during 1912-15 to a maximum of about 
5,300,000 acre-ft during 1951-55 in response to in­
creased diversions of surface water for irrigation. 
Since 1955, ground-water discharge to the reach has 
declined to about 4,800,000 acre-ft/yr. 

~t 8 
Average dtve1slon 1928-80 

en~ z I,., 
o' -~ 
~~ 7 > ~ 
so 

6 
~ ~ §r ~ 
0\ ~ .e ~ 

WATER YEAR 

FIGUB£ 8.- Annual irrigation diversions from Hem,ys Fork and Teton, Falla, Blackfoot, and Snake Rivers, 
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TABt.E 6.-Estimated recharge from surface-water irrigation, water year 1980 

(Values are rour.ded] 

Recharge 
Divrr!!iion- Eva pol ran- LO modeled 
re mrn flow spir.11ion Recharge Area arci! 

Area (arre-fce, Arca (tec1 (fut in model' (acrc-ful 
(fig, 7) per yur) (acres) per year) per year) (aCl'cs) per year)' 

1 88,800 31,300 
2 154,300 21,800 
3 379,100 26,300 
4 246,600 32,800 
5 128,700 30,500 

6 1,388,600 146,200 
7 256,400 62,700 
8 627,900 82,800 
9 227,300 29,300 

10 487,900 97,100 

11 73,900 49,300 
12 338,500 82,000 
13 48,800 17,600 
14 1,022,100 179,600 
15 571,900 258,500 

16 60,600 11,200 
17 245,800 49,300 
18 44,900 12,000 
19 67,100 18,000 
20 62,600 17,000 

21 226,100 29,000 
22 106,800 6,200 
23 69,200 15,900 
24. 36,000 11,600 
25 94,700 27,500 

26 129,200 17,100 

Totals 7,033,800 1,362,600 

'See a•ction "Ground-Water Flow Modeling." 

Most canaJ losses were added to the total recharge 
from each irrigation area. However, because the 
Milner-Gooding, Aberdeen-Springfield, and Reserva­
tion Canals lose water by seepage before 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 
distributed losses because they lose all their flow to 
seepage or to ET on the plain. Losses from tributary 
streams that reach the Snake River were included 
with irrigation recharge in the areas supplied by 
those streams. 

Kjelstrom (1986) used basin-yield equations to cal­
culate average annual underflow rates from tributary 

1.0 0.24 1,100 300 
1.1 5.97 19,600 117,300 
1.2 13.24 26,300 347,600 
1.3 6.22 32,200 200,500 
1.3 2.92 28,400 82,800 

1.3 8.20 137,500 1,127,900 
1.3 2.79 62,700 174,800 
1.3 5.08 78,200 397,100 
1.5 6.25 29,300 183,400 
1.6 3.53 96,600 341,100 

1.5 0 22,000 0 
1.6 2..53 82,000 207,600 
1.6 1.18 17,600 20,700 
1.6 4.09 179,600 734,400 
1.6 .61 229,300 139,900 

1.6 3.80 11,200 42,600 
1.6 3.38 48,100 162,500 
1.6 2.16 0 0 
1.6 2.13 18,000 38,300 
1.6 2.08 17,000 35,400 

1.6 6.19 29,000 179,700 
LG 15.60 6,200 96,800 
1,6 2.74 15,900 43,600 
1.6 1.50 11,600 17,400 
1.6 1.85 27,500 50,900 

1.6 5.96 17,100 101,800 

1,244,000 4,844,400 

drainage basins (table 11). Equations incorporate 
drainage area, mean annual precipitation, and per­
centage of forest cover as independent variables. Co­
efficients for independent variables were determined 
from a regression analysis by using basins for which 
streamflow records were available apd from which, 
on the basis of geologic conditions, underflow was as­
sumed to be relatively small (Kjelstrom, 1986). 
Underflow estimated using rates determined from 
basin-yield equations is about 8 percent of the aver­
age water yield from tributary drainage basins. 

Average annual recharge from infiltration of pre­
cipitation on the plain was assumed to vary according 
to the amount of precipitation, soil thickness, and 
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TABLE 6.-Recha-rge from Henrys Fork and Snake, Big Wood, and Little Wood River diuersions, 1928-80 

[Values in feet per year; - , no data available] 

Year 

Arca 1928--80 
(fig, 7) 1928-30 1931-35 1936-40 1941-45 1946-50 1951-55 1956-60 196]~5 1966-70 1971-75 1976--80 ascragt 

1 4.33 2.45 4.29 4.76 6.43 0.44 0.55 0.71 0.80 (I) (1) 2.75 
2 3.75 2.90 3.61 3.77 4.00 4.00 4.64 4.38 4.68 5.19 4.55 4.13 
3 8.05 7.55 8.19 7.65 7.92 12.39 13.12 8.05 7.93 10.60 8.96 9.13 
4 2.80 2.53 3.11 3.10 3.19 4.31 4.63 2.04 2.14 6.21 3.77 3.44 
5 4.06 1.95 2.41 1.40 1.63 3.30 3.78 .85 L20 3.79 3.18 2.50 

6 8.63 7.66 8.22 7.91 8.21 9.61 10.03 8.05 8.76 11.21 8.42 8.79 
7 2.64 2.05 2.58 2.54 3.12 3.06 3.31 2.34 2.42 2.93 2.48 2.68 
8 3.80 3.56 4.27 4.03 4.40 4.49 4.69 4.02 4.30 4.38 3.96 4.17 
9 3.86 3,86 

10 1.76 1,43 1.64 1,51 1.71 2.45 2.61 2.02 2.33 4.20 3.57 2.29 

11 .97 .38 .97 .66 .78 .41 
12 4.11 2.78 3.36 2.70 2.76 3.32 3.43 2.29 2.77 2.95 2.41 2.99 
13 .16 0 0 .63 .66 .25 
14 2.34 1.73 2.11 2.10 2.28 4.83 4.71 3.02 3.63 4.96 3.79 3.23 
15 1.31 1.51 1.54 1.84 1.92 1.76 1.63 1.27 1.44 1.87 1.72 1.62 

16 3.25 1.27 1.59 .79 1.18 12.06 13.56 17.88 20.54 1.58 1.60 6.85 
17 1.62 1.75 2.14 2.12 2.50 3.30 3.34 3.33 3.68 4.31 3.39 2.86 
18 .57 .11 .53 1.45 1.20 .64 .41 3.43 2.45 1.20 
19 1.14. .74 .97 1.43 1.69 1.52 1.35 .86 .66 1.15 
20 0 .65 .34 .50 1.82 1.77 1.29 L43 2.10 1.62 1.15 

21 5.99 3.14 3.65 6.44 7.79 10.86 12.24 '7.61 4.67 6.93 
22 12.42 25,86 22.59 6.83 5.94 19.54 12.87 10.99 8.14 14.10 
23 1.33 2.10 3.35 3.74 1.56 1.32 2.73 2.28 3.48 2.34 2.42 
24 .28 .22 .93 .37 .45 
25 1.39 2.07 2.26 2.75 2.14 2.05 2.67 3.64 2.26 1.26 2.25 

26 1.50 2.08 2.11 1.96 2.92 2.30 1.34 2.21 2.73 2.90 2.77 2.33 

'No area inside atudy bound&!")'. 

infiltration capacity of the soil cover. Most recharge is Stephenson and Zuzel (1981) used a similar ap-
snowmelt that infiltrates during winter and spring proach to estimate recharge from precipitation during 
months when evapotranspiration rates are low. Re- a study of ground-water recharge in a small basin 
charge was varied using October to March precipita- underlain by basalt in southwestern Idaho. They de-
t ion records from stations at Aberdeen, Ashton, Bliss, termined that ground water was recharged by infil-
and Idaho Falls (fig. 2). Recharge from precipitation, tration in areas of low-relief rubbly basalt outcrops 
shown in figure 9, was calculated by subdividing the and shallow soi1s, and in bedrock channels during 
eastern Snake River Plain into six areas (table 12), runoff and channel flow. Recharge took place after 
which differ in soil type (fig. 10 and appendix C) and 0.8 to 1.2 m . of rain fell with a 24-hour period or 
amount of mean annual precipitation (fig. 2). Rates of after higher intensity cloudbursts. Stephenson and 
recharge from precipitation were modified from rates Zuzel (1981) also determined that the time from the 
used by Mundorff and others (1964, p. 184) by taking end of precipitation to the ground-water-level peak 
into account soil texture and soil depth to estimate depends only on soil depth. 
recharge from precipitation (table 12). Total average Variations in tributary-stream losses, underflow 
annual recharge to the ground-water system from pre- from tributary drainage basins, and recharge from 
cipitation was estimated to be about 700,000 acre-ft. precipitation during 5-year intervals between 1911 
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TABLE 1.-Total recharge from surface-water irrigation, 1891- 1980 

To ta l 
recharge 

I rrigated acreage Rech arge (ac:re-frel 
Yea~ (pl . 3) (u,ble 6) per year) 

1891-95 0.50 l( 1899 acreage Average 1928-80 730,000 
1896-1900 1.00 1899 acreage ...... do .......... 1,450,000 
1901--05 0.65 x 1929 acreage, areas 

1-10; 1.00 x 1899 acreage, 
areas 11- 26 ...... do, ...... ... 2,220,000 

1906- 10 0.80 x 1929 acreage, areas 
1- 10; 1.00 x 1899 acreage, 
areas 11- 26 .. .... do .......... 2,660,000 

1911- 15 0.90 x 1929 acreage, 
areas 1- 10; average of 
1899 and 1929 ror 
areas 11- 26 ...... do .. , ....... 3,890,000 

1916- 20 0.95 x 1929 acreage, 
areas 1- 10; average 
of 1899 and 1929 for 
areas 11- 26 .. .... clo . .. ... ... . 4,040,000 

1921-25 1929 ............ ....... .................. . ...... do ........ .. 5,130,000 
1926-30 1929 ..... ........ .... . , ................... 1928-30 4,610,000 
1981-35 Average of 1929 and 1945 ... 1931-35 4,170,000 
1936-40 Average of 1929 and 1945 ... 1936-40 4,650,000 
1941-45 1945 ..... .... ................ ............ . 1941-46 4,620,000 
1946-50 1945 .. ........................... .... .. .. . 1946-50 4,960,000 
1951-65 1959 .......... .. .......................... 1951- 55 5,4001000 
1956-60 1959 ....... ....... ......... ......... ...... 1956-60 5,560,000 
1961-65 1966 ................................... ... 1961-65 4,860,000 
1966-70 1966 ...... .... ........................... . 1966-70 5,290,000 
1971-75 1979 ... .......... ...... ... .......... ...... 1971- 75 5,750,000 
1976-80 1979 ...... ....... ..... ..... ............... 1976-80 4,600,000 

and 1980 are listed in table 13. Flows in streams and 
underflow crossing the northern boundary of the 
eastern Snake River Plain were estimated using cor­
relations with the long-term streamflow hydrograph 
of the Big Lost River below Mackay Reservoir (L.C. 
I\jelstrom, U.S. Geological Survey, written cornmun., 
1983). 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. 

along the reach from Milner to King Hill (Kjelstrom, 
1986). This amount is about 70 percent of gaged flow 
at King Hill in 1980. Most springs discharge from ba­
salt of the Snake River Group along the north side of 
the river. H.R. Covington (U.S. Geological Survey, 
written commun ., 1983) determined that the alti­
tudes of north-side springs are controlled by several 
factors: (1) altitude of the contact between relatively 
impermeable Banbury Basalt and basalt of the Snake 
River Group, (2) location of lake clays, and (3) loca­
tion of relatively impermeable Idaho Group {Glenns 
Ferry Formation) sedimentary rocks. 

DISCHARGE 

SEEPS A.ND SPRINGS 

Ground-water discharge from the eastern Snake 
River Plain aquifer system is largely seepage and 
spring flow to the Snake River in the reaches from 
Blackfoot to Neeley and from Milner to King Hill. 
During the 1980 water year, about 4,700,000 acre-ft 
of ground water were discharged to the Snake River 

Most major springs along the Snake River from 
Milner to King Hill discharge from pillow lavas and 
basaltic sands. H.R. Covington (U.S. Geological Sur­
vey, written commun., 1983) described the pillow la­
vas as basalt that was deposited in a lake behind a 
lava dam in an ancestral Snake River canyon. As 
lava continued to flow into the canyon, a sequence of 
dense lavas was deposited downstream from the dam, 
whereas pillow lavas were deposited upstream. Pillow 
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T-'BLE 8.-Sri.a/le River losses to and gains from ground water, 
water year I 980 

!From Kjelstrom, 19B6) 

Reach (gaging,station 
locations shown on pl. l) 

Heise to Lorenzo ... ... .. ...... ............ ..... . 
Lorenzo to Lewisville ......... ....... ....... . 
Lewisville to Shelley ................. .... , .. . 
Shelley to at Blackfoot ..... ................ . 
At Blackfoot to near Blackfoot ........ . 
Near Blackfoot to Neeley ....... .......... . 
Neeley to Minidoka ..... .... ... ......... ..... . 
Minidoka to Milner .............. ......... ... . 
Milner t.o Kimberly (north side) ... .. .. 
Milner to Kimberly (south side) ..... .. 
Kimberly to Buhl (north side) ......... . 
Kimberly to Buhl (south side) ... ...... . 
Buhl to Hagerman (north side) ...... .. 
Buhl t.o Hagerman (south side) .... ... . 
Hagerman to King Hill .................... . 

Total loss ................................... . . 
Total gain ...................... ............ .. 

Loss (-) or gain 

(cubic feel (acre-feet 
per ,econd) per year) 

-145 - 105,000 
289 209,000 

-379 -275,000 
- 163 - 111,000 
-270 -196,000 
2,620 1,902,000 

179 130,000 
132 96,000 

30 21,000 
266 193,000 

1,112 807,000 
110 80,000 

3,456 2,509,000 
150 109,000 

1,412 1,025,000 

-947 - 687.000 
9,756 7,081,000 

TABLE 9.--Snake River losses to and gains "from ground water, 
1912-80 

Avenge annual los, (-) o r gain 
between gaging stallons (acre-feet per year) 

Near 
Hdsc 10 Blackfoot Neeley Milner lo 

Years near Blackfoot to Neeley l.O Milner J(jngHill 

1912-15 -730,000 1,860,000 130,000 3,760,000 
1916-20 -740,000 1,810,000 220,000 4,020,000 
1921-25 -670,000 1,850,000 100,000 4,280,000 
1926-30 -560,000 1,830,000 140,000 4,660,000 
1931-35 -810,000 1,860,000 90,000 4,550,000 

1936-40 -630,000 1,800,000 180,000 4,790,000 
1941-45 -550,000 1,850,000 210,000 5,040,000 
1946-50 -400,000 1,850,000 220,000 5,170,000 
1951-56 -330,000 1,880,000 200,000 5,290,000 
1956-60 -340,000 1,830,000 200,000 5,130,000 

1961-65 -460,000 1,850,000 140,000 4,850,000 
1966-70 -360,000 1,810,000 230,000 4,980,000 
1971-75 -190,000 1,770,000 480,000 4,960,000 
1976-80 -430,000 1,930,000 280,000 4,810,000 

TABLE 10.-Average annual tributary-stream arid canal losses to 
the. ground-water system 

[Strenms shown on pl. 1; canel8 shown in fig. 6; NA, not applicab1e) 

Name 

Big Lost River .................. .. .... .. 
Little Lost River ... ......... .... ..... .. 
Medicine Lodge Creek .......... .. . 
Beaver Creek .......................... .. 
Camas Creek ...... .. ..... ... ....... .... . 
Milner-Gooding Cane.I .... .. .. .... . 
Aberdeen-Springfield Canal .. . 
Reservation Canal .................. . . 

Totals .. ..... .............. .. ... ..... ,. 

Consumptive 
water uoc ups1ream 

Loss from Lhc boundary 
(acre-feel of tl1c plain' 
per year) (acre-fret per yc~r) 

51,000 
12,000 
30,000 
31,000 
63,000 
97,000 
95,000 
11,000 

390,000 

35,000 
16,000 

4,000 
1,000 
9,000 

NA 
NA 
NA 

65,000 

'Additional strc,.,,,llow avoUo.ble for recharge before irrigation began. 

lavas generally are unsorted, coarse grained, poorly 
indurated, and have extremely high porosity and hy­
draulic conductivity. Highly permeable pillow lavas 
and the interconnection of ancestral canyons make 
the basaltic aquifer along the river reach from Kim­
berly to Bliss highly transmissive. 

In many places, the top of the Banbury Basalt de­
fines the lower limit of major spring emergence along 
the present canyon between Twin Falls and Bliss. 
However, not all springs discharge from in situ Qua­
ternary basalt. Many springs discharge from talus 
aprons at various altitudes above the canyon floor; a 
few appear to discharge from older Banbury Basalt. 
From test drilling and examination of roadcuts along 
the canyon, Whitehead and Lindholm (1985, p. 17) 
suggested that fine.grained sediments of the Idaho 
Group control some spring-vent altitudes. At some lo­
cations, springs discharge from coarse-grained flood 
debris on the canyon floor or directly into the river. 

Ground-water discharge (mainly spring flow) from 
the north side of the Snake River increased dramati­
cally after 1911 as a result of surface-water irrigation 
in Gooding, Jerome, and Lincoln Counties (fig. 11). 
Spring flow continued to increase until about 1950-
55 and peaked in 1951 at about 6,800 ft3/s. Spring 
flow generally has declined since the 1950's and was 
about 6,000 ft3/s in 1980. Generally, individual spring 
discharges are lowest in April before irrigation begins 
and highest in October just after irrigation ends. 
Both short-term and long-term fluctuations in spring 
discharges are strongly and rapidly responsive to 
changes in recharge from irrigation. 

Ground-water discharge from springs and seeps on 
the south side of the Snake River from Milner to 
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TABLE IL-Estimated underflow from tributary drainage basins 

Underflow 

Name (cubic feel (acrc,fcct 

(pl. I) per •econd) per year) 

Camas Creek ....................................... . 215 155,000 
Beaver Creek ...................................... .. 86 62,000 
Medicine Lodge Creek ....................... . .. 13 9,000 
Warm Springs and Deep Creeks ...... , .. 42 30,000 
Birch Creek ................................ .... ...... . 108 78,000 

Little Lost River ................................. .. 214 155,000 
Big Lost River ............. ........................ . 408 296,000 
Fish Creek .. ... ........... .......................... .. 8 6,000 
Little Wood River ................................ . 25 18,000 
Silver Creek ..... ,.. ................................. . 73 53,000 

Big Wood River ............ ............ ....... .... .. 14 10,000 
Thorn Creek ......................................... . 8 6,000 
Clover Creek ........................................ . 14 10,000 
Salmon Fells Creek ............................ .. 138 100,000 
Cottonwood, Rock, and Dry Creeks ... . 20 14,000 

Goose Creek ................................. .. ...... . 39 28,000 
Raft River ............................................ . 116 84,000 
Rockland Valley (Rock Creek) ............ . 70 61,000 
Bannock Creek .................................... . 30 22j000 
Portneuf River ..................... .. .............. . 87 63,000 

Lincoln and Ross Fork Creeks ........... . 6 4,000 
Blackfoot River .................................... . 18 13,000 
Willow Creek ....................... ................ . 40 29,000 
Snake River ............................ , .. , ..... .... . 10 7,000 
Rexburg Bench ........................... ........ .. 26 19,000 

Teton River and Henrys Fork ........... .. 4 3,000 
Big Bend Ridge area ........................... . 153 111,000 

Totals ................................. .......... .. 1,984 1,435,000 

Hagerman generally is small, about 500 fl.3/s in water 
year 1980 (table 8). Half of the total was along the 
Milner to Kimberly reach; from Kimberly to Buhl, an 
unmeasured amount of ground water is discharged to 
field drains and tunnels. The smaller amount of 
spring flow from the south side of the Snake River is 
likely due to a reduction in hydraulic conductivity of 
basalt. Mundorff and others (1964 p. 73) reported 
that water levels rose as much as 200 ft in the Twin 
Falls area after irrigation began in 1907. Many fields 
became waterlogged and drains were constructed. 
These observations indicate that the transmissivity 
south of the Snake River is generally lower than that 
of the north-side basalt aquifer. 

Directly north and east of American Falls Reser­
voir, major springs and seeps discharge along the 
Snake and Portneuf Rivers. Most discharge is from 
the sand and gravel aquifer that underlies the Snake 
River flood plain from Black.foot to American Falls 
Reservoir. Details of geology in the immediate 
springs area are poorly known, as there are no deep 
drill holes on the flood plain. East of the flood plain, 
several hundred feet of sand and gravel overlie basalt 
(pl. 2, section 0-D'); Quaternary basalt predominates 
to the west. In the immediate vicinity of American 
Falls Reservoir, lacustrine sediments confme water 
that discharges as springs where confining beds are 
absent, such as along the Portneuf River. Fifty to 
eighty feet of flood deposits from the Pleistocene 
breakout of Lake Bonneville (Malde, 1968, p. 21) 
overlie the previously mentioned sand and gravel de­
posits in part of the area. 

Since 1912, mean annual ground-water discharge 
to the Snake River from springs between Black.foot 
and Neeley has been consistent, averaging about 
2,500 ft;9/s (fig. 12). River gains from ground water 
measured in 1902, 1905, and 1908 of less than 2,000 
ft3/s indicate that some of the measured discharge in 
1912 may be attributed to recharge from irrigation. 
Spring discharge apparently was not affected by the 
filling of American Falls Reservoir in 1926. 

The Snake River from Lorenzo to Lewisville (pl. 1) 
gains ground water during the irrigation season but 
loses ground water the rest of the year. Gains are 
likely from sand and gravel that comprise the alluvi­
al fan around Rigby. Aquifer recharge from surface­
water irrigation is as much as 8 ft/y-c. During the 
1980 water year, the Lorenzo to Lewisville reach 
gained about 209,000 acre-ft of water (Kjelstrom, 
1986). 

GROUr>.0-WATER PU~IPACE 

Pumpage of ground water for irrigation increased 
rapidly after 1945. By 1959, about 400,000 acres 
were irrigated with ground water; by 1966, 640,000 
acres; and by 1979, 930,000 acres, or 40 percent of 
the irrigated lands on the eastern Snake River Plain. 
Amounts of pumpage were estimated from acreages 
shown on plate 3, and coni,umptive irrigation require­
ments are given in table 2. About 630,000 acre-ft of 
water were pumped for irrigation in 1959, 990,000 
acre-ft in 1966, and 1,430,000 acre-ft in 1979. Water 
pumped in excess of consumptive irrigation require­
ments was w,sumed to return to the aquifer. 

Ground-water pumpage for irrigation in 1980 was 
estimated from electrical power-consumption data 
(Bigelow and others, 1986). An estimated 1,760,000 
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acre-ft of ground water were withdrawn from about 
4,000 wells to irrigate about 930,000 acres. Some 
pumped water was returned to the aquifer from canal 
loss and field seepage. Therefore, pumpage estimated 
from power-consumption data was compared with es­
timated consumptive irrigation requirements, and the 
smaller of the two estimates was used to determine 
net ground-water withdrawal. Net ground·water 
withdrawal in 1980 was estimated to be about 
1,140,000 acre-ft, or about two-thirds of total 
pumpage estimated from power-consumption data. 

Pumpage for other uses in 1969 was estimated by 
Young and Harenberg (1971, p. 22-24) to be about 
34,000 acre-ft for municipal use, 7,000 acre-ft for ru­
ral and domestic use, and 38,000 acre-ft for industrial 
use. Goodell (1985) estimated that in 1980, about 
40,000 acre-ft were pumped for municipal use, 9,000 
acre-ft for rural and domestic use, and 44,000 acre-ft 
for industrial use. These estimated, nonirrigation 
uses of ground water are about 5 percent of esti­
mated total withdrawals for irrigation. 

REGlONAL GROUND-WATER FLOW 

Ground-water flow in the regional aquifer system 
underlying the eastern Snake River Plain is generally 
perpendicular to water-table contours (pl. 4) and is 
from major recharge areas in the northeast to dis­
charge areas in the southwest. Most recharge takes 
place along the margins of the plain and in surf ace­
water-irrigated areas; most discharge is from springs 
along the Snake River near American Falls Reservoir 
and from Milner to King Hill. A comparison of water­
table contours for 192~30, 195~58, and 1980 (pl. 4) 
indicates that regional ground-water levels and the 
direction of flow have been relatively stable in the 
central part of the eastern plain for the past 50 
years. However, between 1890 and 1920, water levels 
rose at locations in the southwestern end of the east­
ern Snake River Plain (table 14), and spring flows 
increased (fig. 11) in response to surface-water irriga­
tion of large tracts of land on the plain. By 1929, 
most surf ace water for irrigation was appropriated, 
and since 1945 amounts of ground water withdrawn 
for irrigation have increased. Hydrographs on plate 4 
show that, despite strong seasonal variations, 
ground-water levels have generally declined in most 
areas since ground-water pumping intensified in 
about 1950. 

In addition to showing a long-term decline in 
water levels, hydrographs on plate 4 show seasonal 
and short-term climatic effects. In surface-water­
irrigated areas, water levels are usually highest 
from August through October and lowest in March 

or April. An example of this type of fluctuation is 
shown by the hydrograph for well 7N-38E-23DBA1 
in Madison County. This well shows about 5 ft of 
yearly head change in response to surface-water ir­
rigation. In ground-water-irrigated areas, water lev­
els are usually highest from October through March 
and lowest in July or August. An example of this 
type of fluctuation is shown by the hydrograph for 
well 5N-34E-9BDA1 in Jefferson County. This well 
shows about 4 ft of yearly head change in response 
to ground-water pumpage. The strong influence of 
irrigation on ground-water levels is shown by the 
hydrograph for well 4S-24E-6BBC1. Although this 
well is more than 20 mi from irrigated areas, water 
levels fluctuate seasonally in response to irrigation. 
Of the six hydrographs shown, only the hydrograph 
for well 3N-29E-l4.ADD1 does not show seasonal 
fluctuations. 

Water levels also rise and fall in response to cli­
matic trends. Most of the hydrographs on plate 4 
show water·level rises from about 1964 to 1976 in re­
sponse to above-normal precipitation (fig. 4). Surlace­
water diversions also were above normal during this 
period because more water was available (fig. 8). 
Therefore, it seems likely that the water-level rises 
were due to an overall increase in water supply, 
rather than solely due to an increase in recharge 
from infiltration of precipitation on the plain. 

In several areas on the eastern plain, shallow flow 
systems have developed locally in alluvium. Shallow 
systems are usually along losing river and canal 
reaches and in areas where excess water is applied 
for irrigation. In these areas, downward water move­
ment is impeded by fine-grained sediments. Shallow 
ground-water systems have developed near the lower 
Henrys Fork near Rexburg; in the Rigby Fan, Mud 
Lake, Rupert, and Burley areas; and near the mouth 
of the Big Lost River near Arco. In these areas, water 
levels in shallow wells completed in alluvium are 
higher than those in nearby deeper wells. In the 
Rexburg area, hydraulic heads in piezometers 300 to 
500 ft below land surf ace are 20 to 45 ft lower than 
in wells less than 100 ft deep. Hydraulic heads near 
Rigby are 80 ft higher in the upper alluvium than in 
deeper basalt. In the Mud Lake area, where highly 
permeable basalt is interfingered with less permeable 
sedimentary rocks, heads in shallow wells are 50 to 
200 ft higher than in deeper wells. The same is true 
in the RupertrBurley area, where head differences 
are 60 to 200 ft, and at the mouth of the Big Lost 
River, where head differences between shallow and 
deep wells are 300 to 700 ft. Some of the water in 
shallow systems is perched and ultimately leaks 
through an unsaturated zone to recharge the deeper 
regional system. 
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TA.Su; 12.-Recharge from precipitation 

l <, leoo than; >, greater than) 

Soil description Average annual precipitation Recharge 
County or area (see fig. 10 and appendix C) (inches per year) (inches per year) 

Gooding, Jerome, Thin soil cover (<40 in.), 10 
Lincoln, Jefferson high infiltration rate, group 2, 

appendix C 

Butte, Blaine, D Recent lava flows, little 10 3.5 
Minidoka soil cover, group 1, appendix C 

~ Central part D Thick soil cover (>40 in,), 8-10 .3 ~ 

of plain low infiltration rate, group 3, 0 
t"' 

appendix C 0 

~ 

Blaine Power, D Recent lava flows, little 8 2.8 
Bingham, Bonneville soil cover, group I appendix C 

Lands adjacent to Thin soil cover (<40 in.), JO 2 
the Snake River high infiltration rate, group 2, 

appendix C 

Fremont, Clark Thin soil cover ( <40 in.), 16-20 6 
high infiltration rate, group 2, 
appendix C 
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'l'hBLE 13.-Recharge {rum tributary streams. underflow, and 
precipitfltion, 1911-80 

[Values in ecre,feet per year; locations shown on pl. l] 

North side ' 

Su-cam South side' 
Vean lou Underflow underflow Precipiuuion·' 

1911-20 200,000 1,060,000 480,000 740,000 
1921-30 170,000 900,000 460,000 650,000 
1931-35 120,000 650,000 280,000 620,000 
1936-40 150,000 780,000 34.0,000 820,000 
1941-45 210,000 1,110,000 420,000 670,000 
1946-50 180,000 940,000 490,000 720,000 
1961-65 200,000 1,060,000 400,000 610,000 
1956-60 190,000 1.030,000 370,000 630,000 
1961-65 200,000 1,070,000 400,000 700,000 
1966--70 240,000 1,260,000 420,000 700,000 
1971-75 240,000 1,300,000 700,000 970,000 
1976-80 190,000 1,010,000 450,000 700,000 

Average 190,000 1,000,000 440,000 700,000 

' Include& Clover Creek , Thom Creek, Big Wood RlvOT, Silver Creek, L ttle 
Wood River. Fu,h Creek, Big Lost ru .... ,. Littl e Loot River, Bin,h Creek , Warm 
Sprinp Creek, Deep Creak, Medicine Lodse Creek, B•ever Creek, Camaa Creek , 
ond Big Bend Ridge aru. Flow• varied uo ing the gage on the Big Lool River at 
Mnokfty BB an index. 

'lndudes Salmon Falla Creek, Cottonwood Creek, Rock Creek (Twin Fnl la 
County), Ory Creek, Coo&e Creek, Ran Ri•er, Rnck Creek (Power Counly), 
Bannock Croek, Porlneur Ri••r, Linooln Creok, RoH Fork Creek, Blackfoot 
River, WIiiow Cr•ek, Snake ltivor. Rexburg Bench , Teton 'River, and Henrya 
f'ork.. Flow• varil!d w,ing the goge on lh• Portneuf River ftL PocaU!llo H an 
ind<II. 

'Estimated from October lo Marolt predp!hlion al Aberdeen, Ashton, Blfee, 
and Idaho F1H1 1tation1. 

7.000 
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Water levels in piezometers at test hole 4N-38E­
l2BBB1,2,3,4,5 (fig. 13) in a recharge area decrease 
with depth. Piezometers 1, 3, and 5 are completed in 
major aquifer zones separated by clay units. Hydrau­
lic-head differences between zones are several tens of 
feet, whereas head differences between piezometers 2 
and 3 (completed in the upper basalt aquifer and 
lacking clay units) are small. Water-level changes in 
all piezometers indicate seasonal water-level rises 
and declines in response to surface-water irrigation. 
Highest water levels are in summer and early fall; 
lowest levels are in early spring. Water levels in pi­
ezometer 1 typically peak in June or July, whereas 
water levels in piezometer 5 usually peak in Septem­
ber or October. The time lag in head change with 
depth probably is due to the effect of clay units with 
low hydraulic conductivity. Both the 80-ft head 
change with depth and seasonal fluctuations of about 
20 ft are, in large part, attributed to the application 
of surface water in excess of crop consumptive use 
requirements and the presence of clay units. In the 
vicinity of test hole 4N-38E-l2BBB1,2,3,4,5, ground­
water recharge is about 8 ft/yr. 

In several areas on the eastern plain, deeper wells 
have higher heads than shallower wells. Upward gra­
dients have been defined in ground-water-discharge 
areas near American Falls Reservoir and along the 
Snake River from Milner to King Hill. In both areas, 
the regional ground-water system discharges horizon­
tally and vertically to the Snake River as spring flow 
and seepage. However, on a local scale, the same area 
also receives recharge from surface-water irrigation. 

Upward gradients also are evident near the Rob­
erts area between th.e Snake River and Mud Lake. 

WATER YEAR 

FIGURE u .-Mean annual ground-water diechuge along tbe north side of the Snake River from Milner to King Hill. (Modified from 
l\je.Imom, 1986.) 
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TABLE 14.-Grourid•water-level changes 

[Prom Mundorff11nd others, 1964, p. 162) 

Deplh Deplh Waltr· 
to water to waler 1.,,d 

feet below (feel below rise 
Well location Dale land surface) Date land surface) (feel) 

6S-13E- 6DD Before 1901 430 1959 350 80 
8S-l5E-28BA 1909 94 1959 62 32 
7S-15E-33 1907 190 1959 150 40 
7S-15E- 8 1907 215 1959 190 25 
5S-15E-31 or 32 1907 145 1959 110 36 

6S-17E- 2AB 1890 Dry at 280 1952 210 70 
8S-17E-19BB1 1907 
8S-18E-15CC 1907 
4S-19E-26DA1 1913 
9S-19E-15AC 1907 

9S-19E-26 1912 
6S-20E-15DA Before 1901 
7S-23E- 5 Before 1901 
8S-25E- !CBI Before 1901 
9S-24E-29AA1 1905 

Around the northeast end of American Falls Reser­
voir, water levels in wells completed below fine­
grained lakebeds are about 20 ft higher than water 
levels in wells completed in the shallow alluvium. 
The lakebeds confine water in underlying sand, grav­
el, and basalt aquifers. Springs discharge to the 
Snake River, Spring Creek, and the Portneuf River 
where the streams have eroded through the confining 
lakebeds. 1n the Roberts area, deep wells have heads 
50 to 130 ft higher than shallow wells. Ground water 
is likely confined by lakebeds similar to those in the 
Mud Lake area. 

Water levels in piezometers at test hole 7S-15E-
12CBA1,4,5 (fig. 14) in a discharge area increase with 
depth. This test hole was drilled as part of the 

u -~ 
~;z; 3,000 uo 
zU 
-"1 

"r./'J 
~ 1:3' 2,500 
c., "1 
C( g,. 

<~ ="1 2,000 u~ 
~ ~ 

:\, 
~ ,§l 0\ ..... 

~ ~ ~ ~ 

342 1954 298 44 
318 1959 200 118 
330 1957 311 19 
252 1959 160 92 

189 1959 127 62 
341 1959 200 141 
265 1959 210 65 
375 1959 185 190 
101 1951 59 42 

present study, and results were summarized by 
Whitehead and Lindholm (1985). The water level in 
piezometer 5 is about 155 ft higher than the water 
level in piezometer 1. The test bole is in a regional 
discharge area 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 between piezometers 4 and 5 are con­
fining units. The water-level rise from May to No­
vember is in response to applied irrigation water (pl. 
3) and canal leakage. Although water levels in the 
three piezometers peak at about the same time, the 
smaller rise in piezometer 5 compared with that in 
piezometer 1 probably is due to impedance of flow 
through confining zones. 

WATER YEAR 

F1cun 12.-Mean annual gTOund-water discharge to the Snake River from near Bla.ckfoot to Neeley. (Modified from Kjelstrom, 1986.) 
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FIGURE 13.-Hydrographs and lithologic log, test hole 4N-38E-12BBB1,2,3,4,6. (Location shown on pl. 4) 
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A longitudinal flow section from a 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 area, where the water-table gradi­
ent is steep (pl. 4) owing to intercalated basalt and 
fine- to coarse-grained sediments (Lindholm and oth­
ers, 1988). The fine-grained sediments likely confine 
flow and reduce overall aquifer 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 direction 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 
underflow 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 com­
piled for the eastern Snake River Plain (table 15). A 
net loss in aquifer storage of about 100,000 acre-ft 
was calculated 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, p. 156) and 0.20 for sedi­
ments. The calculated change in aquifer storage com­
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 these estimates range from 3 to 
10 percent. Estimates of recharge from surface-water 
irrigation are less accurate because ET values used 
in calculations are empirical. ET is particularly diffi­
cult to estimate for large areBB with varying climatic 
conditions and crop types. Estimates of recharge from 
tributary drainage basins (streamflow and underflow) 
vary in accuracy because discharge from some 
streams is measured directly, whereas discharge from 
other streams is estimated from basin-yield equa­
tions. Change in aquifer storage was calculated using 
data from widely scattered observation wells and es­
timates of the aquifer storage coefficient and is, 
therefore, approximate. The estimation of change in 
storage does, however, compare well with the re­
sidual from the ground-water budget, not only in sign 
(net loss}, but also in magnitude. 

TABLE 15.-Grou.nd-water bu.dg~, water year 1980 

~charge 

Surface-water irrigation ...................................... . 
Tributary drainage-basin underflow .... .. ............ . 
Direct precipitation ........... .......... ........................ . 
Snake River losses ........................................... .... . 
Tributary-stream and canal losses ........ ........ ... .. . 

Acre-feet 

4,840,000 
1,440,000 

700,000 
690,000 
390,000 

'Total.. .. ................ .... ... .. ... .... ... ......... ... .... .... .... 8,060,000 

Discharge 

Snake River gains ....... .............. ......... .................. 7,080,000 
Ground-water pumpage (net) .............................. 1,140,000 

Total .................... .................. .................... ... . , 8,220,000 

Change in aquifer storage (budget residual) .. . .. . -160,000 
Estimated change in aquifer storage from 

water-leve1 changes ..................................... ... .. -100,000 

The least accurate estimates in the water year 
1980 ground-water budget are of recharge from infil­
tration of precipitation. Although precipitation is 
measured at several sites, aquifer recharge from pre­
cipitation cannot be measured directly. Mundorf! and 
others (1964, p. 184) estimated that recharge from 
precipitation is about 600,000 acre-ft annually. Given 
the difference in sizes between the area studied by 
MundorfT and others (8,400 mi2) e.nd that used for 
this study (10,800 mi2), the difference in estimates 
(200,000 acre-ft) is reasonable. 

Although individual budget-item errors may be 
large, the overall budget error is small. The similar~ 
ity between change in aquifer storage and the bud­
get residual (table 15) is due to compensating 
errors in calculations of ET, basin yield, and re­
charge from precipitation. 

GROUND-WATER-FLOW MODELING 

APPROACH 

The approach used in this study was to develop a 
digital computer model of the eastern Snake River 
Plain regional aquifer system for testing various con­
cepts of regional ground-water flow. Modeling pro­
gressed in stages from two-dimensional steady-state 
simulations to three-dimensional steady-state and 
transient simulations. Results and conclusions from 
each stage are documented; the emphasis in this re­
port is on the final stage of modeling. 

The digital computer model is a mathematical 
representation of the ground-water-flow system. 



EXPLANATION 

-2- LINE OF EQUAL WATER-LEVEL CHANGE-Intervals 
1 and 5 inches 

• OB SER VAT ION WELL 

BOUNDARY OF EASTERN SNAKE RIVER PLAIN 

0 10 lO :JO MILES 

0 10 10 30 IOLOMETERS 

FrcoRE 16.-Water-level changes in the regionaJ aquifer system, October 1979 to October 1980. 
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Modeling complex aquifer systems requires several 
simplifying assumptions. The validity of model as­
sumptions can be judged by how well field conditions 
are simulated. When model results approximate field 
hydrologic conditions within reasonable limits of 
error, the model is assumed to be calibrated and 
valid for hydrologic analysis. 

The goal of modeling was to simulate known aqui­
fer conditions (bead and spring discharge) within rea­
sonable ranges of values and to define the hydrologic 
effects of changes in model input data through sensi­
tivity testing. Because model solutions are not 
unique, a model can be calibrated using physically 
unrealistic input data. Some adjustments of model 
parameters made during model calibration are justi­
fied on the basis of available evidence; other acljust­
ments, although not justified with available data, 
rnay indicate where additional data are needed. Dif­
ferences between simulated and measured head and 
spring discharge also indicate areas where model re­
finement is needed. 

Model input data for this study are based on geo­
logic and hydrologic information with varying degrees 
of accuracy, For example, streamflow measurements 
are considered accurate within about :!:fi percent, 
whereas aquifer hydraulic conductivity, which com­
monly is estimated by indirect methods, may be in 
error by one to several orders of magnitude. 

Initial values of aquifer hydraulic properties, re­
charge, discharge, and pumpage were estimated for 
model input. Model output then was compared with 
known aquifer conditions to determine the reason­
ableness of the initial estimates. The model was 
tested to determine its sensitivity to changes in 
transmissivity, storage coefficient, aquifer leakance, 
recharge, riverbed or spring-outlet conductance, 
ground-water pumpage, and boundary flux. Input 
data were varied within reasonable ranges to achieve 
a better fit to known conditions. Adjustments were 
made to least known and to most sensitive model pa­
rameters. Simulation results indicated how the aqui­
fer might have responded to past stresses, such as 
increased pumping and reduced recharge, and how 
the aquifer might respond to hypothetical future 
stresses. 

ASSUMPTIONS 

To model the regional aquifer system, assumptions 
were made concerning aquifer properties, hydraulic 
fluxes, and initial conditions for transient analysis. 
The major assumptions are outlined in this section; 
other, more specific assumptions are discussed in 

subsequent modeling sections. Ground-wateY- flow 
was assumed to be laminar and the Darcy flow equa­
tion applicable. A three-dimensional finite-difference 
ground-water-flow model (McDonald and Harbaugh, 
1988) was used most extensively in this study. Verti­
cal variations in head within each model layer were 
assumed to be negligible, and head losses between 
layers were assumed to be controlled by confining 
beds near the base of each layer. Therefore, model­
simulated heads are an approximate average of 
heads within that aquifer layer. 

Local aquifers perched above the regional aquifer 
system were not simulated, although recharge to 
perched aquifers was assumed to ultimately reach 
the regional aquifer. Vertical hydraulic conductivity 
was assumed to be anisotropic owing to low­
hydraulic-conductivity basalt between permeable flow 
tops and fine-grained layers within sand and gravel 
zones. Horizontal hydraulic conductivity was as­
sumed to be isotropic because two-dimensional simu­
lations indicated small differences in modeling 
results between isotropic and anisotropic conditions. 

For steady-state model analysis, calculated 1980 
water-year fluxes (table 16) were assumed to approxi­
mate the average annual flux for the period 1950-80. 
During that period, hydrologic conditions were stable 
relative to conditions from 1880 to 1950. Ground-wa­
ter recharge was assumed to equal discharge (steady­
state conditions) for the period 1950-80 because 
irrigation diversions and ground-water levels were 
relatively stable (fig. 8 and pl. 4). Ground-water-level 
declines due to pumping, climatic variations, and de­
creased surface-water diversions during that period 
were generally small, and changes in storage were 
accordingly small (about 1 percent, table 16). Ap­
proximate steady-state fluxes were computed by in­
cluding these small changes in storage as part of the 
recharge term. Recharge from irrigation was assumed 
to take place directly below surface-water-irrigated 
areas. 

For 1891 to 1980 transient calculations, 5-year 
averages were assumed to adequately represent 
long-term variations in flux. It was also assumed 
that initial (preirrigation) conditions could be ap· 
proximated by removing recharge due to surface­
water irrigation and ground-water pumping from 
the calibrated steady-state model. Surface-water al­
titudes, used in the model for river-leakage simula­
tions, were corrected for prereservoir conditions. 
The estimated preirrigation steady.state condition 
was a stable initial condition for transient simula­
tion; therefore, simulated changes were assumed to 
result from changes in model input, not from 
nonequilibrium initial conditions. 
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T,\.lll.E 16.-Steady-atate model mass balance, water year 1980 

[Values in cubic feet per second] 

Inflow Outflow 

A Specified flow............. . 2,740 
C. Recha.rge .... .. .... .. ..... ... . 7,800 B. Wells ......................... , .... ... ... . 
D. Snake River losses1 .... 1,140 D. Snake River gainsi .. ........ ... . 

1,790 
9,890 

Total ......... ... ........ .... 11,680 Total ..................................... 11,680 

A Specified flow includes the following: 
Tributary drainage-basin underflow simulated as recharge wells (table 11) ..................... .. 
Stream and canal losses (table 10) ...................... .... ................... ...... .. ... ........ .. ....... ..... ...... ..... . 
Irrigation-return flow in Mud Lake area .................... ... .... .. ... ... ... ............................. ............ . 

Total .. ... ............... ....... ........... .... ............. ......... ..... .. ...... .... ... ........................................... ........ . 

B. Ground-water discharge includes the following: 
Total ground-water pumpage ...... ........ .. .... ........... .......... ....... ........ ... .......... ...... ............ ....... .... . 
Irrigation-return flow in Mud Lake area ........ ...... ....... .... ................ ..... ... ...... ............. .... ....... . 

Net ground-water pumpage (table 15) , ..... ... ................. ... ....... ...... ............. ........ .. .... ......... .. .... . 

C. Ground-water recharge includes the following: 
Surface-water irrigation (table 5) .... ....................... ......... ..... ................ ........ ............ .. .......... .. . . 
Precipitation (table 15) .. .......... ..... ......... ...... ..... ..... ............. ........ ........ .... .. ... .. ...... ................... .. 
Change in storage (table 15) ... ....... ....... ... ..... ....... .. .... .... ... .... ........... .................. .... .... ... ... ... .... . 

Total ...... ........ .... ...... .... .................... ........... ....... ..... ...... , ..... .... ............ . , ..................... ............. . 

D. Ground-water gain from or loss to the Snake River and tributaries: 

Snake River rc.ich 

1. Hagerman to King Hill ...... .............. ............................... ............................ .. 
2. Buhl to Hagerman .......... ... ....... .... ........ .. ... .. ... ... .... .. ........ .. , ....• , ........ .......... .. . 
3. Kimberly to Buhl ..... ................................................................................... .. 
4. Milner to Kimberly ......... .. .... ....... ....... ... ...... ........ .... ..... ... ........ ... ... ... ........... . 
5. Minidoka to Milner ................... ........... ...... ... ...... ............ ........ ..................... . 
6. Neeley to Minidoka .. .................... ... ...... ............... .... ... ......... ... ................ ..... . 
7. Near Blackfoot to Neeley .... .. ........... ....... .... ...... ..... ... ..... ...... ... ... .. ......... ... ... . . 
8. At Blackfoot to near Blackfoot .................................................................... . 
9. Shelley to at Blackfoot ....... ..... ....... ................... ...... ........................ ..... ....... .. 

10. Lewisville to Shelley ............. ..... .. .... ..................... .. ... .. ........ ........................ . 
11. Lorenzo to Lewisville ........ .......... ............. ..... .... ............. ........ ..... ......... ........ . 
12. Heise to Lorenzo .... .. ..... .... ... .. ...... ........... .... ............................................... .. . 

Tribuiarle• 
13. Lower Henrys Fork .. .............. ..... ... ................................................... ........... , 
14. Lower Salmon Falls Creek ....... ..................... ........ ..... .. ... .................. .. ....... .. 

Totals ............ ................ .............. ............... ......... ............. ....... .......... ..... . 

'l.o1111es and galru, lotoled on • block-by,hlock baaie. 
'Lo1001 and gain& tol.aled for each rivar roach. 

Calculated 
loss(-) 
or gain 

-1,530 
-3,830 

1,430 
-100 

0 
-20 

-2,640 
200 
160 
370 
-40 
180 

-30 
-40 

-8,750 

1,980 
540 
220 

2,'140 

1,790 
-220 

1,570 

6,690 
970 
140 

7,800 

Mea•ured 
Jo,s (-) 
or gain 

- 1,410 
-3,610 
-1,220 

-300 
-130 
-180 

-2,620 
270 
150 
380 

-290 
150 

-120 
0 

-8,930 
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TWO-DJMENSJONAL STEADY-STATE SWULATIONS AND 
PREVIOUS MODEUNG STUDIES 

A nonlinear, least-squares regression technique for 
estimating aquifer parameters was initially applied 
to the regional aquifer system in the eastern Snake 
River Plain. The application and results are ex­
plained in an earlier report (Garabedian, 1986); only 
major points are repeated here. 

The parameter-estimation computer program is 
based on a technique outlined by Cooley (1977, 1979, 
1982) for two-dimensional steady-state ground-water 
flow. Hydrologic data for the 1980 water year 
(steady-state conditions assumed) were used to calcu­
late recharge rates, boundary fluxes, and spring dis­
charges, Ground-water use was estimated from 
irrigated-land maps and values of crop consumptive 
use. These mass-flux estimates and riverbed or 
spring-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
cause the parameter-estimation model can calibrate 
some parameters automatically, but not all parame­
ters at once (without prior information), some param­
eters were held fixed during the model run but were 
acljusted for better model fit for the next run. River­
bed or spring-outlet conductance values were ad­
justed between simulations by comparing simulated 
spring discharges with measured discharges. 

Simulation results indicate a wide range in aver­
age transmissivity from about 0.05 to 44 ft2/s (fig. 17) 
and, in average riverbed or spring-outlet conduc­
tance. from about 2x10·9 to 6xl0·8 (ft/s)/ft. Along with 
parameter values, model statistics were calculated, 
including correlation coefficient between simulated 
and measured heads (0.996), standard error of head 
estimates (40 ft), and parameter coefficients of varia­
tion (about 10-40 percent). The high correlation coef­
ficient indicates a good statistical fit between 
simulated heads and measured heads in the regional 
aquifer. About 95 percent of simulated head values 
were within 80 ft of measured head values. The coef­
ficient 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 errors 
were highest. Model errors, particularly along plain 
margins, were likely due to violation of the assump­
tion that ground-water flow is two dimensional and 
steady state. Model fit improved slightly when y­
direction (northwest-southeast) transm.issivity val­
ues were larger relative to x-direction 
(northeast-southwest) transmissivity values. This 

result may be due to the impedance of flow in the 
vicinity of the northwest-trending rift zone between 
Arco and Lake Walcott (pl. 2). The difference be­
tween x and y transmissivity in modeling results is 
slight (about 20 percent), which indicates little re­
gional anisotropy across the modeled area. The sig­
nificant decrease in transmissivity immediately 
upgradient from the rift zone may be related to 
fracturing and, possibly, subsequent healing of frac­
tures by later movements of magma. 

Simulated heads were most sensitive to changes in 
recharge and, in some areas, transmissivity (particu­
larly near springs along the Snake River from Milner 
to King Hill). Modeling results also were sensitive to 
the distribution and number of the discretized zones 
(fig. 17). As the number of zones (and model param­
eters) was increased, model fit generally improved; 
however, the tendency for nonconvergence also in­
creased. Therefore, a sufficient number of zones were 
used to achieve a good model fit and still maintain 
model stability and convergence. 

Transmissivity values of the regional aquifer sys­
tem obtained by the preliminary two-dimensional 
steady-state simulation (fig. 17) were compared with 
values obtained by Mundorff and others (1964, pl. 6) 
(fig. 18), Norvitch and others (1969, p. 37) (fig. 19), 
and Newton (1978, p. 67-71) and are presented in 
table 17. In the central part of the plain, the trans­
missivity values are similar in all four studies, as in­
dicated by high and low v·alues. Major differences 
were noted along the margins of the plain where the 
model results were consistently lower. 

Along the margins of the plain, hydraulic head 
generally decreases with depth and recharge is pre­
dominant. Where heads increase with depth, such as 
between Blackfoot and Neeley and between Milner 
and King Hill, discharge predominates, though re· 
charge from surf ace-water irrigation also may take 
place. Three-dimensional simulation is needed to 
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 horizontal and 
two dimensional. 

THREE-DlMENSJONAL GROUND-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 two 
dimensions is an oversimplification because heads 
change with depth in areas of recharge and dis­
charge. Therefore, in the RASA study, a three­
dimensional finite-difference model was the final 
stage of ground-water-flow modeling. 

11 
I 

I 
I I 

I I 



EXPLANATION 

6 TRANSMJSStvITY ZONE NUMBER 

43.e AVERAGE TRANSMJSSIVITY--In feet squared per 

(28.41 

second 

A VERA GE TRANSMJSSIVITY-fn millions of gallons 
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BOUNDARYOFACTIVEPARTOFMODEL 

BOUNDARY OF TRANSMISSIVITY ZONE 
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RIVER PLAIN 
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128.41 
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F1ouru;: 17.-Finite-difference grid and average transmisaivity values estimated using a two-dimensional steady-state model. 
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EXPLANATION 

BOUNDARY OF TRANSM1SSIVITY ZONE-Units are 
millions of gallons per day per foot 

BOUNDARY OF EASTERN SNAKE RIVER PLAJN 

0 lO 10 30 MILES 

G 10 lO 30 KILOMETERS 

FtGUBB 18.-Transmilisivity distribution of the eastern Snake River Plain aquifer (Mundorff and others, 1964). 
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EXPLANATION 

--10-- LINE OF EQUAL TRANSM1SSIVITY- Interval, in million 
gallons per day per foot, is variable 

BOUNDARY OF EASTERN SNAKE RIVER PLAIN 

0 10 20 30 MILES 

0 10 20 30 KILOMETE'RS 

FIGURE 19.-Traosmissivity distribution of the eastern Snake River Plain aquifer (Norvitch and others, 1969). 
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TABLE 17 .- Cc,mparison of published transmissivity 
values with two-dimensional steady-state regression 
results 

[Values in feet eque.red per second; >, greeter than: <, less 
then; -, no data svailsble] 

Mundorff NofVitch Car.ibcdian 
Model and and regre.sion 

•one olhcrs others Ncw1on rcsuh.s 
(Cig . 17) (1964) (1969) (1978) (1986) 

1 0.16 
2 8 11 8 12 
3 5 3 8 .064 
4 15 16 10 9.1 
5 15 11 30 .52 

6 30 20 36 27 
7 <3 .3 6.2 
8 11 8 2 12 
9 8 8 3 .83 

10 >30 16 6 1,0 

11 30 50 35 44 
12 1 8 4 .67 
13 5 2 25 7.9 
14 15 <8 3 9.2 
15 >30 30 9 13 

16 .15 
17 >30 15 10 4-4 
18 8 3 10 .17 
19 .050 
20 8 8 8 13 

An equation describing three-dimensional flow of 
ground water is 

- K - +- K - +- K - -q(x.y,z,,)•S -a ( ah) a ( ah) a ( ah) ah 
ax u ax ay YJ ay a;,; "" al • a, ' 

(2) 

where 
x,y,z - Cartesian coordinate direction 

(length); 
K_, K , K • hydraulic conductivity in the specified .... yy .. 

coordinate direction (length/time); 
h - aquifer head (length); 
q • flow from or into the aquifer from out­

side sources or sinks {1/time); 
8, • specific storage Cl/length); and 

t - time. 

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

axes must be aligned with the major axes of hydrau­
lic conductivity. For most problems, an analytical so­
lution to equation (2) cannot be obtained, and 
approximate methods of solution are used. A finite­
difference approximation to equation (2) using the no­
tation around aquifer block i,j,k as shown in figure 
20 is (McDonald and Harbaugh, 1988) 

CR•J·-..!. A ( hm ;J-U -h"',j,k) + CR;,·..,! 11 ( hm i,J•U -h"' iJ,l) 
2· ' 2' 

+~ , (h."'1-J . ,. - A"' . )+cc 1 (h"' . . -h"' .. ) ,- 2J,A ,I, •J .k ;. 2J.ll 1+l,1,l 1,J,A 

+CV 1(hm . · • ,-hm_ .,.)+cv 1(hm ·111 1..·hm .. • ) 
IJ.,,C- 2 L.J, - l,J f iJ,k+2 ,, • !fa ,~ •• 

+CRTV;J,k ( R;,,J,k - h"' iJ,A) ·• Q;j,ft 

(hm . . • -h,,.,..1 .. ,) 
-s -· (AR ·AC-,rn) •J,~ '·1·': 

••J,k J · ' I, tm-tm-1 ' (3) 

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

CR U.CiTRi,j,kTR,,j+l ,k 

i,i•½,k - (TR;,J ,Lb R;.1} + (TR,.j+l.~ R1)' 

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

TR 1J.• .. transmissivity of block iJ,k along the 
row; 

!iC, - block length along columns; 
Ml .. block length along rows; ti½ - blbck 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 ti.mes river length 
divided by riverbed thickness equals 

R .. L -IJ,11 

Q .. . -•J,• 
h"'. • L -I.J•"" 

conductance; 
river-stage or spring-outlet altitude; 
recharge or discharge (wells); and 
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 
simultaneously, usually using an iterating solution 
technique to solve the flow equation (equation 2). The 
large number of calculations requires the use of a 
computer. 
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GRJO AND BOUNDARY CONDITIONS 

The eastern Snake River Plain was subdivided are­
ally as shown in figure 21. Blocks within the model 
boundary (active blocks) were assigned values of 
transmissivity, storage coefficient, and recharge. 
Blocks outside the model boundary (inactive blocks) 
were assigned values of zero. The grid was aligned in 
a southwest to northeast direction to minimize the 
number of inact ive blocks and to align the x-axis in 
the principal direction of ground-water flow (pl. 4). 
Point of origin of the model grid (southwest corner) is 
at lat 41°55110.00°, long 114°281 55.0011 • The Trans­
verse Mercator projection system was used with a 
central meridian of 113°30'; the model grid was ro­
tated 31 °24' counterclockwise from the central me­
ridian . The grid used in the three-dimensional 
model is parallel to that used in the two-dimen­
sion al model, but the grid spacing is slightly 
greater-4 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 specified flux and 
along the Snake River as head~dependent flux. Re­
charge wells were used to simulate underflow from 
the tributary drainage basins (table 11). 

,, J, /r-J 

// ,,- --
, I 

,/ I 

fr-,·,.-· ,-.-lc-- -J.'.-/_,_,,_--i-l-+-_-_-_-_-_-_, .... J--( 
, 

·r· : ,,' ,,,,,,' 
\.~ -

,. J+J. /( 

1+1,J, k 

Modified from McDonald and 
Harbaugh (1988, Ilg. 3) 

FIGURE 20.-Finite-difference notation around aquifer block i,j,h. 

The Henrys Fork, Snake, and Portneuf Rivers and 
Salmon Falls Creek (pl. 1) were represented by river 
blocks (head-dependent flux) within the modeled 
area, as sh.own in figure 21. Model rows and columns, 
along with river-stage or 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 estimated from topo­
graphic maps; estimates of riverbed or spring-outlet 
conductances were from two-dimensional modeling 
results. The leakage-cutoff altitude is the level below 
which leakage from rivers reaches a maximum value. 
This level was arbitrarily set at 30 ft below river 
stage along all river reaches and at the same altitude 
as spring vents to make these blocks discharge areas. 
The relation of river stage to aquifer head and how 
that relation controls water movement between the 
river and the aquifer are shown in figure 22. The rate 
of river leakage is proportional to the difference be­
tween river stage and head in the aquifer until aqui­
fer bead drops below a leakage-cutoff altitude. Once 
the aquifer head drops below the leakage-cutoff alti­
tude, the river leak.age is constant and is no longer 
head dependent. 

The regional aquifer system was subdivided verti­
cally into model layers as shown in figure 23. As­
signed layers were of equal thickness because 
differentiation of the predominantly basalt aquifer 
system into distinct geobydrologic units was not pos­
sible. Layer 1 represents the upper 200 ft of the aqui­
fer system; layer 2 is the next 300 ft below. Layers 1 
and 2 contain both Quaternary basalt of the Snake 
River Group and Tertiary basalt. 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 ft or less in thickness and is 
present only across the central part of the plain. 
Layer 4 ranges in thickness from O to about 3,000 ft 
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 electrical-resistivity soundings 
and a few deep drill holes. Underlying layer 4 and 
forming the assumed base of the regional aquifer sys~ 
tern are Quaternary and Tertiary silicic volcanic rocks 
and Tertiary basalt. 

Basalt thickness and generalized distribution of 
rock types in layers 1 through 4 are shown on 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 boundary of the plain 
are fine grained, except in the Henrys Fork-Rigby 
Fan area, the Fort Hall-Portneuf area, the Camas 



EXPLANATION 

(!] RIVER BLOCK AND RIVER-REACH NUMBER 

26 ROW AND COLUMN NUMBER 

BOUNDARY OF ACTIVE PART 
OF MODEL 
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FIGURE 21.-Finite-difference grid, river blocks, and river-reach numbers used for three-dimensional model. 
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TABLE lB,--River-block locations, stages, riverbed or spring-outlet conductances, leakage-
cutoff altitudes, and reach numbers 

CAltitude in feet. refers to distance above aea level; row and column numbers ahown in fig, 211 

Conductance 
(lcakancc 

x ri\.ler~ 

block. area) Lukage- Reach 
River (fee( ,quared cutoff 

Row Column alliLudc per second) altiLude Number Name 

l 3 2,600 0.134 2,600 1 Snake, Hagerman to 
2 3 2,650 .134 2,650 1 King Hill 
3 3 2,725 .134 2,725 1 
3 4 2,800 , 134 2,800 1 
4 5 2,900 .134 2,900 1 
5 5 3,050 40.0 3,050 1 

6 4 3,060 40.0 3,060 2 Snake, Buhl to Hagerman 
7 4 3,000 40.0 3,000 2 
8 4 3,050 40.0 3,060 2 

9 5 3,100 1.3 3,100 3 Snake, Kimberly to Buhl 
10 6 3,150 1.3 3,150 3 
11 7 3,200 1.3 3,200 3 
12 7 3,300 1.3 3,300 3 
12 8 3,500 1.3 3,500 3 
13 8 3,600 1.3 3,600 3 

14 9 3,700 60.0 3,700 4 Snake, Milner to Kimberly 
16 9 3,850 60.0 3,850 4 
15 10 3,850 60.0 3,850 4 

16 11 4,130 .20 4i100 5 Snake, Minidoka to Milner 
16 12 4,130 .20 4,100 5 
16 13 4,130 .20 4,100 5 
17 13 4,130 .20 4,100 5 
17 14 4,130 .20 4,100 6 
18 14 4,130 .20 4,100 5 
18 16 4,130 ,20 4,100 6 
17 16 4,130 .20 4,100 6 
18 16 4,130 .20 4,100 6 
17 17 4,130 .20 4,100 5 
17 18 4,150 .20 4,120 5 

17 19 4,190 2.0 4,160 6 Snake, Neeley to Minidoka 
18 19 4,190 2.0 4,160 6 
18 20 4,190 2.0 4,160 6 
19 19 4,190 2.0 4-,160 6 
19 20 4,190 2.0 4,160 6 
20 21 4-,190 2.0 4,160 6 
20 22 4,190 2.0 4,160 6 
20 23 4,190 2.0 4,160 6 
20 24 4,200 2.0 4,170 6 
20 25 4,240 2.0 4,210 6 

19 26 4,355 .0446 4,325 7 Snake, near Blackfoot to 
19 27 4,356 ,0446 4,325 7 Neeley; Portneuf, 
18 28 4,355 .0446 4,355 7 Pocatello to mouth 
19 28 4,366 .0446 4,355 7 
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TABLE 18.-Riue,-.block locations, stages, riuerbed or sprin.g•ouaet conductan.ces, leakage-
cutoff altitudes, and r,each numbers-Continued 

Co.nductancie 
(1<:akance 

x river-
block-aru) Leakage- Reach 

River (reel squared CULOCf 

Row Column -allilude per ,econd) allitude 

18 29 4,355 0.0446 4,355 
17 30 4,380 .0446 4,380 
18 30 4,355 .0446 4,355 
17 31 4,380 11.0 4,380 
18 31 4,355 11.0 4,355 
19 31 4,360 11.0 4,360 
20 31 4,370 11.0 4,370 
17 32 4,380 11.0 4,380 
18 32 4,380 11.0 4,380 
17 33 4,400 11.0 4,400 

17 34 4,440 10.0 4,410 
17 35 4,475 10.0 4,44.5 

16 36 4,500 1.3 4,470 
16 37 4,530 1.3 4,500 
16 38 4,560 1.3 4,530 
15 39 4,600 1.3 4,570 

15 40 4,625 2.5 4,595 
14 41 4,700 2.6 4,670 
11 42 4,760 2.5 4,730 
12 42 4,750 2.5 4,720 
13 42 4,740 2.5 4,710 

10 43 4,770 25.0 4,740 
11 44 4,800 25.0 4,770 

12 45 4,860 2.0 4,830 
13 46 4,950 2.0 4,920 
14 46 4,980 2.0 4,950 

10 46 4,815 .7 4,785 
10 45 4,810 .7 4,780 
10 47 4,830 .7 4,800 
10 48 4,860 .7 4,830 
10 49 4,910 .7 4,880 
10 50 5,000 .7 4,970 

8 3 3,200 1.34 3,200 
9 2 3,400 1.34 3,400 

Creek area, and the Big Lost River alluvial fan. Sedi­
mentary rocks are thick along the Snake River up­
stream from Milner. 

Rhyolite in layer 2 extends beyond the northeast­
ern boundary of the plain. Sedimentary rocks in layer 

Number Name 

7 Snake, near Blackfoot to 
7 Neeley; Portneuf, 
7 Pocatello to mouth 
7 {continued) 
7 
7 
7 
7 
7 
7 

8 Snake, at Blackfoot to 
8 near Blackfoot 

9 Snake, Shelley to at 
9 Blackfoot 
9 
9 

10 Snake, Lewisville to 
10 Shelley 
10 
10 
10 

11 Snake, Lorenzo to 
11 Lewisville 

12 Snake, Heise to Lorenzo 
12 
12 

13 Henrys Fork, Ashton 
13 to mouth 
13 
13 
13 
13 

14 Salmon Falls 
14 

2 are similar to those in layer l; coarse-grained rocks 
predominate in upper reaches of the Snake River and 
Henrys Fork, and fine-grained rocks predominate 
along the lower Snake River and at the mouths of 
tributary drainage basins. 
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Quaternary basalt with relatively minor, 
interlayered, fine-grained sedimentary rocks is con­
fined to the central part of the plain in layer 3. 
Basalt as much as 3,000 ft thick dominates layer 4 in 
the central part of the plain. 

A 

B 

-? _\....._~ __ /----"'-v _ 

C 

D 

EXPLANATION 

V WATER TABLE 

- D1RECITON OF WATER 
MOVEMENT 

+ Leakage (river to aquifer) 

D 

River s1agc: less River sLilge more 
Lhan aquifer head than aquifer head 

- Lealcage (aquifeno river) 

FJGIJRe 22.-Relations among aquifer head, river stage, and 
river leakage. 

TRANSM1SSI\IJTY, LEA.RANCE, AND STORAGE COEFFICJENT 

Model transmissivity was calculated for each ac­
tive block using hydraulic conductivity for each rock 
type (table 19) distributed by zones across the plain 
(pl. 6). The thickness of each rock type in each layer 
is shown on plate 5. Hydraulic-conductivity values 
were calibrated (along with other model input param· 
eters) to achieve an acceptable match between three­
dimensional steady-state simulated heads and 
measured heads. Isotropic conditions were assumed 
for horizontal movement of water. Previous efforts to 
improve model fit using anisotropic transmissivities 
indicated little evidence for regional anisotropy in the 
ground-water system. 

Hydraulic-conductivity va1ues given in table 19 
were used to calculate transmissivities of layers 1 
and 2. Transmissivity values for each block in a layer 
were calculated by multiplying the thickness of each 
rock type for that block (pl. 5) by the rock hydraulic 
conductivity (table 19, pl. 6) and adding all the indi­
vidual rock-type transmissivities to obtain the total 
layer transmissivity. During model calibration, hy­
draulic-conductivity values given in table 19 were re­
duced by one.third for layer 3 and two-thirds for 
layer 4 to account for decreasing hydraulic conductiv­
ity with depth. Average transmissivity values for lay­
ers 1 through 4 are shown on plate 6. The range in 
values of combined transmissivity for all layers 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 in the regional aquifer system was 
simulated as leakage between model layers. Vertical 
leakage was calculated using a leakance parameter, 
defined as the vertical hydraulic conductivity divided 
by the distance between vertically adjacent blocks. 
McDonald and Harbaugh (1988, p. 5-12) referred to 
this parameter by the Fortran variable name, Vcont. 
The leakance parameter was calculated for model in­
put in the following manner: 

1. Each model block was subdivided into identifi­
able rock-type subunits; for example, a block of layer 
1 might consist of the following rock types and corre· 
sponding thicknesses: 

Basalt .. ... ........... ... .. ....... . 
Sand and gravel ........ ... . 
Sand ... ..... ... ... , ... ............ . 
Clay and silt ..... ............ . 
Silicic volcanics ... ......... . . 
Total thickness .... ... .... .. . 

Thidmm (/«I) 

100 
10 
20 
20 
50 

200 
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FIGURE 23.-Section A- A· showing geology and model !ayers. (Line of section and map symbols shown on pl. 2) 
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TABLE 19.-Hydraulic conductivities by rock type, model layers 
1 and 2 

Basalt 
Zone (xl0·1) 

1 0.052 
2 5.5 
3 660 
4 .9 
5 803 

6 2.4 
7 2.1 
8 56 
9 .75 

10 5.7 

11 3.8 
12 23 
13 580 
14 1,100 
15 11 

16 230 
17 61 
18 6 
19 670 
20 150 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

590 
50 

120 
440 

2.9 

200 
68 

3 
1.6 
3.9 

1.6 
380 
420 
250 
66 

600 
15 

150 
120 
200 

CV alues in feet per second] 

Sand 
11nd gr>1Ycl 

(l<IO_.) 

11 
90 
73 
17 

llO 

47 
4.1 

140 
7.5 

110 

3.8 
75 

2,000 
1,900 

71 

38 
330 

11 
1,700 

71 

83 
29 
83 
83 
59 

48 
47 
58 
31 
11 

26 
38 

210 
300 
140 

L,500 
15 
83 
18 

260 

Rock typic 

Clay 
Sand and slh 

(1<10·•) (,dO"') 

0.11 2.3 
.90 .75 
.73 2.3 
.17 .75 

l.l 2.3 

.63 2.3 

.41 2.3 
1.4 .38 
.075 .75 

1.1 .75 

a.a .38 
.75 2.3 
.10 .38 

1.9 2.3 
.71 ,38 

.38 2.3 

.66 2,3 
1.1 2.3 
1.7 2.3 

.71 2.3 

.83 

.29 

.83 

.83 

.59 

.48 

.62 

.58 

.31 

.11 

.26 

.38 
2.1 

.30 
66 

600 
.23 
.83 
.18 
.26 

2.3 
.38 

2.3 
2.3 
2.3 

2.3 
2.3 
2.3 

.75 

.38 

.75 
.2.3 
2.3 
2.3 

.38 

7.5 
2.3 
3,8 
2.3 
2.3 

Sillcic 
volcanics 
(rhyolhe) 
(xt o··> 

7.5 
7.5 
7.5 
7.6 
7.5 

7.5 
7.5 
7.5 
7.5 
7.6 

7.5 
7.5 
7.5 
7,6 
7.5 

7.5 
7.5 
7.5 
7.5 
7.5 

7.5 
7.5 
7.6 
7.6 
7.5 

7.5 
7.5 
7.5 
7.5 
7.5 

7.6 
7.5 
7,5 
7.5 
7.5 

7.5 
7.5 
7.6 
7.6 
7.6 

2. 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): 

Rol:A typo Anfralraflj factor (K/ K~ ) 

Basalt ..... ...................... . 0.01 
Sand and gravel ........... .1 
Sand..... ....... .... .............. .05 
Clay and silt ... ........ .... .. .05 
Silicic volcanics............. .01 

3. Vertical hydraulic conductivity for the block 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): 

where 
K - block vertical hydraulic conductivity, n: a total block thickness, 
D, = rock-type subunit thickness, 

(4) 

K, "' rock-type subunit vertical hydraulic conduc­
tivity, and 

n = number of rock-type subunits. 

4. Leakance was calculated using a harmonic 
mean between vertically acljacent blocks: 

where 
L = leakance between blocks 1 and 2, 

K11 .. block 1 vertical hydraulic conductivity, 
Kr2 - block 2 vertical hydraulic conductivity1 

D 1 - block 1 thickness, and 
D2 - block 2 thickness. 

(5) 

The harmonic mean was used to calculate leakance 
between blocks because if either block were inactive 
(Kzi=O), the calculated leakance value would be zero 
and a no-flow boundary would exist. Average 
leakance values between model layers 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 
boundary was specified. 

Storage-coefficient values were calculated for layer 
1 using the distributions of rock types shown on plate 
5 and the specific-yield values as follows: basalt, 0.05; 
sand and gravel, 0.20; sand, 0.20; silt and clay, 0.20· 
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FIGURE 24.-Hydrautic-conductivity zones and average storage coefficients, model layer 1. 
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and silicic volcanics, 0.05. These values of specific 
yield are consistent with the results from aquifer 
tests in unconfined sediments and basalts. The aver­
age storage coefficient for each zone in layer l is 
shown in figure 24. Below layer 1, all layers are con­
sidered to be confined aquifers and are assigned a 
storage coefficient of 0.0001. 

STEAO\~TATE SIMULATIONS 

The primary objective of steady-state three­
dimensional simulations was to calibrate aquifer 
transmissivity, leakance, and riverbed or spring-out­
let conductance values such that the simulated heads 
reasonably matched heads measured in 1980. Three­
dimensional 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 approach used in 
steady-state three-dimensional simulation was to 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 simulations was based 
on 1980 water-year data and was distributed to each 
block using the following expression: 

Mass-balance calculations 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 aquifer inflow 
and outflow. For example, wells were used to simu­
late underflow from tributary drainage basins and 
stream and canal losses, as well as outflow from irri­
gation pumpage. 

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

The difficulty in obtaining a good match between 
simulated and measured heads is due in part to 
major changes in aquifer properties over short dis­
tances. The large block size of the regional model (16 
mi2) also precludes simulation of small-scale, local 
variations in head, especially where head gradient is 
steep. In the Camas Creek area, gradients are steep 
and the basalt aquifer- is thin; consequently, simula­
tion was difficult. The Mud Lake and Big Lost River 

where 

areas include shallow (perched) aquifers, which were 
not simulated. Ground-water levels in the Goose 
Creek area are declining as a result of pumpingf and 

(G) the nonequilibrium {transient) condition cannot be 
simulated accurately with the steady-state model. 
Near the Snake River from Milner to King Hill, 
changes in hydraulic conductivity over short dis­
tances cause local changes in ground-water levels 
that could not be simulated with the regional model. 

RB«J> - recharge rate for block (iJ) in feet per 
second; 

ABfiJ> "' area of block (iJ), in square feet; 
SW~ .. recharge rate for irrigation area (k) (table 

5), in feet per year; 
A~ = total acreage for irrigation area {k) in 

block (iJ), in acres; 
P11jJ • recharge from precipitation in block (iJ ) 

(table 12), in cubic feet per second; and 
lJS(IJJ .. change in storage per unit time in block 

(i J), in cubic feet per second. 

Snake River, Henrys Fork, and Salmon Falls 
Creek gains and losses were simulated using river 
blocks (fig. 21). Other stream and canal losses (table 
10), tributary drainage-basin underflow (table 11), 
and average ground-water pumpage in water year 
1980 {fig. 25) were simulated as recharge or dis­
charge wells. 

Simulated head differences between layers 1 and 2 
are shown in figure 27. Largest differences are in ma­
jor recharge and discharge areas along the margins of 
the plain. In these areas, only layers 1 and 2 are ac­
tive in the model (pl. 5). Reasonable matches of simu­
lated and measured head changes with depth were 
achieved in the Rigby Fan area (near Idaho Falls) 
the Burley area, and the major discharge area in 
Jerome and Gooding Counties. Although increasing 
head with depth is indicated in the area northeast of 
American Falls Reservoir, most measured head dif. 
ferences 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 
in the Mud Lake and Big Lost River areas, probably 
because of the assumption of saturated flow in areas 
of perched water. 
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BOUNDARY OF EASTERN SNAKE RIVER PLAIN 

10 10 30 MJLES 

O 10 20 30 KILOMETERS 

F1CURE 25.-Average ground-water pumpage, waler year 1980. 
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EXPLANATION 

WATER-TABLE CONTOUR- Shows altitude of the regional water table 
based on measured water levels, March 1980 (Lindholm and others, 
I 983). Intervals 100 and 200 feet. Datum is sea level 

WATER-TABLE CONTOUR--Shows altitude of lhe regional water table 
based on simulated water levels in layer 1. Interval 100 feet. 
Datum is sea level I 
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FIGURE 26.- Configuration of the water table, March 1980, based on measured water levels, and configuration based on simulated heads in layer 1. 
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EXPLANATION 

_ 20 _ LINE OF EQUAL HEAD CHANGE BETWEEN LAYERS 1 AND 2- Negative 
values indicate increasing head with depth, positive values indicate 
decreasing head with depth. Intervals 5, 10, and 20 feel 
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F1cuR£ 27.-SimuJeted heed differences between model layers l and 2. 
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TABLE 20.-Comparison of publis/i.11d hJdraulic-conductivity 
values with those U.lied in thi6 stud;y 

(V11luea in feeL per second] 

Roel< lype 

Basalt .................... . 
Sand and gravel ... . 
Sand ................ .. .... . 
Clay and silt ......... . 
Silicic volcanics ... .. 

Hydraulic ~onducLMty 
(Fn,c,c and Cherry, 

1979, p. ~9) 

0.07-5d0"7 

3-hcl0·5 

0.03-31<10-7 

5x10-fi-3xl0·9 

6x 10--1-2>< 10·8 

Table 19 
(I.his report) 

0.11-5.2><10-6 

0.2-7.5xl<r4 
0.06-7.6xl0--8 

2.3>< 10·6-3.Sx 10-7 

7.5)(10-s 

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 hydraulic-conductivity values were 
adjusted to achieve an acceptable match between 
steady-state simulated and measured water levels 
and spring discharges, and estimated river-leakage 
values. Although several previous investigators 
(Mundorff and others, 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, a comparison between pub­
lished hydraulic-conductivity ranges (Freeze and 
Cherry, 1979, p. 29) and ranges used in this study for 
transmissivity and Jeakance 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 area, where basalt is interlayered with 
sedimentary rocks. Highest values are in the central 
part of the plain, where volcanic 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 low-hydraulic-conductivity lacustrine 
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 control the loca­
tions of large springs . 

TRANSIENT SJMULATJONS 

The objective of three-dimensional transient simu­
lations was to evaluate the ability of the model to 
simulate long-term changes in the regional aquifer 

system. Evaluation consisted of comparing model re­
sults with 1890-1980 measured changes in water lev­
els and ground-water discharges . Initial head 
conditions for transient simulations (fig. 28) were de­
rived from a steady-state simulation of estimated 
preirrigation hydrologic conditions. Input for the 
preirrigation simulation included recharge from pre­
cipitation (fig. 9), stream losses (table 10), and river­
bed or spring-outlet conductances (table 18). 
Preirrigation underflow was estimated by adding flow 
to 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 table (fig. 26) are similar. As might be ex­
pected, the general direction 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 1980. 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 ft below the altitude of the March 
1980 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 ft 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 above the bottom of the layer. The three-layer 
model with the modified initial conditions was nu­
merically stable during all transient simulations. 

Eighteen 5-year stress periods (time intervals dur­
ing which all external stresses are assumed to be 
constant) were used to simulate transient 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 
recharge rates in table 6 and the irrigated acreage 
maps on plate 3. Total ground-water recharge from 
surface-water irrigation for each of the 5-year inter­
vals is shown in table 7. Recharge from surface-water 
irrigation and precipitation for the periods 1896-
1900, 1926-30, and 1976-80 is shown on plate 8. As 
indicated in table 7, recharge from surface-water irri­
gation from 1891 to 1925 increased significantly but 
has remained relatively stable from 1926 to 1980. Av­
erage annual underflow from tributary drainage 
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basins for the period 1891-1910 was calculated using 
basin-yield equations. Average annual underflow, 
stream losses, and precipitation from 1911 to 1980 
(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 consumptive irriga­
tion requirements (table 2) and is shown on plate 9 
for the periods 1951-60, 1961-70, and 1971-80. 

The configuration of the water table in 1930, based 
on simulated heads in layer l, is shown in figure 29. 
Comparison of figure 29 with plate 4 indicat.es that 
water-level changes from 1930 to 1980 were small rela­
tive to changes that took place from preirrigation (fig. 
28) to 1930. Changes in head from simulated 
preirrigation conditions (fig. 28) to simulated 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 much as 280 ft. 
Large increases in head also were simulated in the 
northeastern part of the plain (above Mud Lake) and 
may be due, in part, 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 underflow and river 
infiltration owing to upstream consumptive use of wa­
ter for irrigation from 1890 to 1950 in the Big Lost 
River drainage area. 

Changes in the water table from 1950 to 1980 
(fig. 31) were generally smaller than those from 
preirrigation to 1950 (fig. 30). The model 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 measured long-term 
head changes reported by Mundorff and others (1964) 
are shown in table 21. Although these data are for 
the southwestern end of the study area and cannot 
be used as an indicator of changes elsewhere, the 
agreement between measured and simulated head 
changes is 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 
ground-water recharge and discharge as spring 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. 

SENSITl\llTY ANALYSIS 

Modeling results discussed thus far represent the 
calibrated three-dimensional simulations using the 
described estimates of aquifer properties and fluxes. 
To determine model response to changes in various 
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 transmissivity, 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 increased 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 32-46 (see following "Refer­
ences Cited'' section). Measured, calibrated, and sen­
sitivity-run hydrographs are included in each figure 
for comparison. Differences between measured and 
simulat.ed 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
sured 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 figures 32 
and 33. 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 actual 
field 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 the calibrated run 
(table 23). When transmissivity was increased by 50 
percent, simulated heads declined an average of 



EXPLANATION 

LINE OF EQUAL HEAD CHANGE, PREIRRIGA TION 
TO 1950-Intervals 10, 20, and 40 feet 

BOUNDARY OF EASTERN SNAKE RIVER PLAIN 

0 10 20 30 MILES 

O 10 10 30 ICILOMETERS 

F1ouR£ 30.-Simulated changes in the water table, preirrigation tu 1950. 

4~· ~ 
0 -0 z 
~ 

I 
t':I 
ix, 

in ..,: 
en 
--3 
t::1 
8: 

!z 
~ 
>( 
en .... en 

~ 
~ 
::ti 

~ 
~ 

"ti 

~ _z 
.... 
t;; 

~ 
0 



EXPLANATION 

LINE OF EQUAL HEAD CHANGE, 1950 TO 1980--Intcrval, 
in feet, is variable 
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F1GUH£ 31.-Simulated changes in the water table, 1950-80. 
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TABLE 21.-Reported arid simulated head changes 

(Values in feet] 

f\1casurr.menl years and 
rcponcd head change Span of years 
(Mundorff and othcr.s. for s imula1ed 

Well locadon 1964, p. 162) head change 

6S-13E· 6DD ..... .... ....... 1901 and 1959 80 1900-60 118 
8S-15E-28BA .... ............ 1909 and 1959 32 1910-60 35 
7S-15E-33 .. ......... .......... 1907 and 1959 40 1905-60 42 
7S-15E- 8 .... ...... ....... ... . 1907 and 1959 25 1905-60 35 
5S-15E-31 OT 32 , ........... 1907 and 1959 35 1905-60 74 

6S-17E- 2AB ............... . 1890 and 1952 70 1890-1950 87 
8S-l 7E-19BB1 .............. 1907 and 1954 44 1905-55 66 
8S-18E-15CC ............ .. .. 1907 and 1959 118 1905-60 67 
4S-19E-26DA1 .............. 1913 and 1957 19 1915-55 52 
9S-l9E-15AC ......... .... .,. 1907 and 1959 92 1905-60 70 

9S-19E-26 ............ ....... .. 1912 and 1959 62 1910-60 66 
6S-20E-15DA ................ 1901 and 1959 141 1900-60 65 
7S-23E- 5 .... ........... , •1• · ·~ 1901 and 1959 55 1900--60 61 
8S-25E- 1CB1 .............. 1901 and 1959 190 1900-60 58 
9S-24E-29AA1 ........... ... 1905 and 1951 42 1905-50 101 

Average head change .. . 

about 23 ft (table 23). With higher transmissivities, 
lower average beads 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 8S-14E-l6CBB1 (fig. 32) 
show the opposite relation between simulated heads 
and transmissivity. The well is in the extreme south­
western part of the study area, about 1 mi from the 
Snake River and major springs. When transmissivity 
upgradient from well 8S-14E-l6CBB1 was increased, 
water levels in the well rose; when transmissivity 
was decreased, water levels declined. This relation is 
due to the increased volume of flow toward the south­
west when transmissivities were increased. Although 
increasing transmissivity resulted in lower heads re­
gionally, the model indicated that heads near the 
southwestern spring-discharge area would rise. De­
creasing transmissivity caused heads near the 
springs to decline. 

Model sensitivity to changes in transmissivity with 
respect to ground-water flux to and from the Snake 
River is shown in figure 33. Opposing effects are ob­
served in the response curves for the Milner-to-King 
Hill and Blackfoot-to-Neeley reaches. When transmis­
sivity was increased, ground-water discharge to the 
Milner-to-King Hill reach increased and discharge to 
the Blackfoot-t~Neeley reach decreased. When trans-

70 66 

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

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

Changes in simulated ground-water levels and flux 
through the ground·water system in response 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 bead 
changes were rapid owing to rapidly changing fluxes 
(1890-1930). Differences became smaller as hydro­
logic conditions approached equilibrium (1930-1980). 
This same result was observed on ground-water-dis­
charge hydrographs, where differences were most 
pronounced during periods of changing flux. Heads 
were higher by an average of 2 ft (table 23) when 
storage coefficient was decreased by 50 percent; 
heads were lower by an average of 2 ~ when storage 
coefficient was increased by 50 percent. 
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TABLE 22.-Mass balance for the calibrated three-dimensional transient simulation 

[Values in cubic feet per second] 

Inflow Outflow 

Rccharg<: 
Change in from Change in 

ground• irrigation ground· 
Simulation water and River water ru~cr 

period sloragc Underflow pr<:cipitalion los1es <loragc Pumpagcl gains 

1891-95 50 2;300 1,980 3,180 1,400 0 6,100 
1896-1900 30 2,300 2,980 3,180 1,960 0 6,530 
1901--05 20 2,300 4,040 2,970 2,070 0 7,250 
1906-10 10 2,300 4,640 2,480 1,660 0 7,770 
1911-15 0 2,530 6,400 2,010 2,180 0 6,760 

1916-20 0 2,530 6,600 1,680 1,550 0 9,250 
1921-25 50 2,240 7,980 1,480 1,640 0 10,090 
1926-30 40 2,240 7,270 1,420 800 0 10,150 
1931-35 500 1,710 6,620 1,550 370 0 10,020 
1936-40 50 2,010 7,550 1,430 710 0 10,330 

1941-46 10 2,660 7,310 1,390 790 0 10,560 
1946-50 10 2,480 7,850 1,310 730 0 10,900 
1951-55 160 3,000 8,310 1,260 680 870 11,180 
1956-60 50 2,900 8,550 1,190 500 870 11,300 
1961-65 500 3,050 7,670 1,320 290 1,370 10,910 

1966-70 30 3,430 8,280 1,290 580 1,370 11,070 
1971-75 70 4,060 9,280 1,110 1,170 1,980 11,360 
1976-80 1,010 3,110 7,320 1,310 60 1,980 10,710 

1Uee of ground wai.er ro, iniration increBBed rapidly after 1946, llllhough the irrigation rno.p& shown oil plat~ 3 
indicate no ground-water irrigation in 1946. Tbor11fore, the author estimated purnpage during the 1951-66 ell'l!H perlod 
on the bllai• or lhe 1959 irriga.lion map. 

When storage coefficient was small, ground-water 
levels and discharge responded more rapidly to 
changes in flux, as shown in bydrographs for the pe­
riod 1890-1930 (figs. 34, 35). 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, such as the losing Snake 
River reach from Heise to Blackfoot. These results 
are due to the increased lag time for water-level 
changes when storage coefficient was increased. 

Simulated ground-water-level changes 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. Ground-water flux remained essentially 
unchanged when leakance was decreased or in­
creased (fig. 37). Model insensitivity to changes in 
leakance is due to the thickness of the upper model 
layer (600 ft) and does not imply that there is no ver­
tical movement of water within a single model layer 
or from one model layer to another. The square root 
of the average sum of squares difference was the 

same or nearly the same for the calibrated model run 
as it was for tested changes in storage coefficient and 
leakance; 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
els were higher and ground-water flux was greater 
(except for the Heise-to-Blackfoot reach) when re· 
charge was increased. When recharge was increased 
50 percent, water levels rose an average of 26 ft; 
when recharge was decreased the same amount, 
heads declined an average of 32 ft. As was true for 
transmissivity, a 50-percent change in recharge 
brackets most of the measured water-level hydro­
graphs and also brackets most of the measured 
ground-water-flux hydrographs. The losing reach of 
the Snake River from Heise to Blackfoot (fig. 39) lost 
more water when recharge was decreased. When 
aquifer heads declined in response to reduced re­
charge, river leak.age to the aquifer increasedj the op­
posite was true in gaining reaches. The fact that 
absolute deviations for increased and decreased 



TABLE 23.-Differences between measured and simulated heads 
GJ 

[Values in feel; NA, nuL applicable] i;) .... 
0 z 

A,·era11c 
~ Average head Avcrni;c 

Qb..,rvatiun w .II 1111,nber head dilTercnce A,•cragc head > 
£J 

dilTcrcncc for ( Oilfrrencc)' scn!.iti't'i ly changes s fur calibrated fur all for wells "".I 
3N-29E· !!S,HE- 5N-.HE- IIS-191!- ?N-381:'.- 4S-24E.• ubst:rvalion •nd mudd number ur simulal"d shuwr1 iu l'1 ,:, 

Mu,kl run 14ADOI 16CB81 !JOUAI 5UAOI 2300AI 680CI well s run! com parisuns heads table 21 UJ 
,<: 
Cf.I 

Calibrated model ................................ -19 -55 -2 -37 18 1 -17 NA 32 NA 66 >"'3 
tJj 

Transmissivity x 0.5 ....... .. ...... ...... ...... 7 -72 37 -2 94 44 17 33.58 56 68 96 ~ 

Transmissivity x 1.5 .... ... ................. ... -39 - 38 -30 -60 -31 -28 -40 -22.52 41 -39 51 ~ 
Storage coefficient i< 0.5 ................ ..... -18 -49 -1 -34 20 4 -15 1.70 31 2 67 

~ Storage coefficient )( 1.5 ....... .............. -20 -50 -3 - 40 15 -3 -19 -2.19 33 -4 63 rn -
Aquifer leakance x 0.1 ........................ -18 -52 -2 -36 19 4 -16 LOI 32 3 67 I 
Aquifer leakance x 10 ........ ............... .. - 20 -52 -1 - 37 16 0 -18 - .55 32 -1 66 z 
Recharge ,c 0.5 .................................... -43 -60 -33 -80 -28 -40 -49 -32.14 53 -44 33 ~ 
Recharge x 1.5 ................ ... ....... .......... 1 -4.4 24 -4 58 32 9 26.10 37 36 93 

~ River conductance x 0.5 ....... - .......... .. -4 -12 8 -13 19 17 1 18.31 14 15 84 
River conductance x 1.5 ... .................. -24 -70 -4 - 48 19 -5 -24 -6.54 40 -5 58 ,:, 

"O 

Ground-water pumpage x O ............... - 12 -54 7 - 23 24 19 -8 9.31 30 17 72 i Ground-water pumpage x 0.5 ... ......... -16 -54 3 -30 21 10 -12 4.76 31 9 69 
Ground-water pumpage x 1.5 ., .. ........ -23 -54 -6 - 44 15 -9 -22 -4.92 34 -9 64 s 
Boundary flux x 0.5 ................. ........ .. . -30 -54 -14 -47 0 -15 -29 -11.47 36 -28 61 ~ 
Boundary flux x 1.5 ........ ................. ... -8 -54 10 - 27 35 16 -6 10.96 32 25 71 0 
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recharge were larger than the calibrated deviations 
(table 23) indicates that a closer comparison of simu· 
lated and measured aquifer heads can be achieved by 
further refinement of input data. 

Changes in model response owing to imposed 
changes in riverbed or spring-outlet conductances 
are shown in figures 40 and 41. Ground-water lev­
els averaged 18 ft higher when conductances were 
decreased by 50 percent and averaged 7 ft lower 
when conductances were increased by 50 percent. 
Effects 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. Simulated head in well 8S-14E-16CBB1 
(closest to the discharge area) increased more than 
40 ft when riverbed or spring-outlet conductance 
was decreased,. whereas head in well 7N-38E-
230BA1 (farthest from the spring area) increased 
only about 1 ft after 1960. 

Total flux to and from the aquifer in all Snake 
River reaches except Neeley to Milner increased 
when riverbed or spring-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 3N-29E-14ADD1, 5N-34E-
9BDA1, and 4S-24E-6BBC1 show a reversal of bead 
relations between increased and decreased riverbed or 
spring-outlet conductances. This reversal was due to 
initial head conditions used at the beginning of the 
simulation. Initial heads for all transient simulations 
were calculated using parameters from the calibrated 
model run. Therefore, initial heads were not in 
equilibrium with the changed parameter (in this case, 
riverbed or spring-outlet conductance) and, at the be­
ginning of a transient simulation, heads changed in 
response to changes in both flux and initial head con­
ditions. In the northeastern part of the aquifer, heads 
declined when conductance was decreased, whereas 
closer to the major springs, heads rose. As simulation 
proceededJ heads rose in the entire modeled area and, 
eventually, the hydrographs crossed. 

Differences between measured and simulated 
heads (table 23) were smaller when riverbed or 
spring-outlet conductance was decreased by 50 per­
cent than when conductance was increased by 50 per­
cent. The smallest difference between measured and 
simulated heads for all the model runs was achieved 
when conductance was decreased by 50 percent. This 
reduction in model error is reasonable because river­
bed or spring-outlet conductance values were origi-

nally calibrated during steady-state simulation of the 
four-layer model. Therefore, conductance values (de, 
fined in equation 3) should 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 should be 
reduced to 40 percent of the steady-state values. 

The reduction in riverbed or spring-outlet con • 
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 
effect of a 50-percent increase in 1980 pumpage was 
an average head decline of about 5 ft. When pumpage 
was decreased 50 percent, heads rose about 5 ft; 
when pumpage was removed, heads rose about 9 ft. 
Absolute deviations were similar to those of the cali­
brated model run (table 23). Effects of ground-water 
pumpage on ground-water discharge to the Snake 
River are shown in figure 43. The similarity of hydro­
graphs based on model-calibrated and measured wa­
ter levels indicates that pumpage estimates are 
reasonable. 

Model response to imposed changes in tributary 
drainage-basin underflow (boundary flux) was similar 
to model response to changes in aquifer recharge, aJ. 
though the magnitude of change was smaller (figs. 
44, 45). A 50-percent increase in tributary drainage­
basin underflow raised aquifer heads about 11 ft; a 
50-percent reduction resulted in about an equal head 
decline. Head changes at well BS-14E-16CBB1 were 
smaller than average, owing to its proximity to major 
springs with constant head. Absolute deviations were 
larger than deviations in the calibrated model run 
(table 23). 

Across the study area, the model was most sensitive 
to changes in transmissivity and recharge. In major 
spring areas, near American Falls Reservoir and along 
the Snake River from Milner to King Hill, the model 
was most sensitive to changes in riverbed or spring­
outlet conductances. The importance of riverbed or 
spring-outlet conductances as controls on aquifer head 
decreased with increasing distance from spring-dis­
charge areas. The model was relatively insensitive to 
changes in boundary flux and ground-water pumpage. 
However, if these parameters are considered in con­
junction with recharge flux, their determination is 
critical to proper simulation of the aquifer system. Of 
relatively minor importance to model response were 
changes in storage coefficient and leakance. 
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HYPOTIIETICAL DEVELOPMENT ALTP.RNATIVES 

The transient model was used to simulate aquifer 
response to three hypothetical development alterna­
tives that might take place by the year 2010: (1) con­
tinuation 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
ous combinations of existing conditions and hypo­
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 objective 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 calculations for each 
of the three hypothetical alternatives are shown in 
table 24. Simulation of a continuation of 1980 hydro­
logic conditions and ground-water pumpage was 
based on recharge and discharge calculations 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 as in 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. Accom­
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 measured 
during the 1980 water year. Simulation of a continu­
ation of 1980 conditions indicated that after 5 years, 
water levels in the central part of the eastern Snake 
River Plain would decline about 2 ft and, after 30 
years, 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 con­
ductivity along the margins. Consequently, confidence 
in the magnitude of change along the margins of the 
plain is lower. Changes in head would cause changes 
in ground-water discharge and river leakage (fig. 46). 
Generally, these simulated changes were small; 
ground-water discharge (river gains) decreased about 
5 percent and river leakage (losses) increased about 9 
percent across the modeled area (table 24). 

Aquifer response to increased ground-water pump­
age also was simulated. All potentially arable lands 
(1,070,000 acres) shown in figure 47 were assumed to 
be irrigated with ground water. It was further 

assumed that 1.6 acre-ft of water per acre (average 
consumptive irrigation requirement on the plain) 
were applied annually. The result was an average an­
nual increase of 2,400 ft3/s in ground-water pumpage. 
The model indicated that heads would decline 5 to 15 
ft acroas 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, because of model unc.ertainties, probably are 
less reliable. In addition to the large head changes, river 
leakage to the aquifer was increased by about 50 percent 
and ground-water discharge was decreased by about 20 
percent (table 24). Although an increase in pumpage of 
this magnitude is unlikely, this simulation illustrates the 
potential for large changes in aquifer conditions if 
pumpage were increased substantially, 

Aquifer response to increased recharge was simu­
lated by adding an average annual 800 ft:3/s to 1980 
base conditions. Norvitch and others (1969) simulated 
an average increase in recharge of 500 ft3/s during a 
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 
was increased in four areas, model blocks (row­
column) 9-11, 16-37, 14-39, and 8~45, that were 
used 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 5 years of increased recharge, water levels in the 
central part of the plain increased from O to 5 ft (pl. 
10) and showed little additional change during the 
next 25 years. These increases in head are similar to 
those reported by Norvitch and others (1969), which 
r anged from less than 1 to more than 5 ft, Large de­
clines simulated along the margins of the plain likely 
are due to poorly estimated underflow rates. In­
creased recharge decreased simulated leakage from 
rivers to the regional aquifer 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 application, ground-water levels would rise. 

SUMMARY AND CONCLUSIONS 

Flow in the regional aquifer system in the eastern 
Snake River Plain is controlled largely by the Snake 
River and its major tributaries. Most ground-water 
recharge is from infiltration of surface water diverted 
for irrigation and leakage from the Snake River and 
its major tributaries. A poorly defined but likely 
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TABLE 24.-Avero.ge annual mass-balance calculation,;, 1980-2010 

[Values in cubic feet per secondJ 

lnnow Oulflow 

Recharge 
from 

Changi, in irrig,,uon ci,ange in 
Shnulalion ground-water and River i;round•Water River 

period norage Undcrnow precipitation lu,se, storage Pumpage gains 

Canllnualion of I 980 hydrulagfr candltiaru and pumf>agr 

11976-80 1,010 3,110 7,320 1,310 60 1,980 10,710 
1981-85 690 2,740 7,670 1,360 80 1,790 10,580 
1986-90 480 2,740 7,670 1,380 10 1,790 10,460 
1991-95 360 2,740 7,670 1,390 0 1,790 10,370 
1996-2000 280 2,740 7,670 1,410 0 1,790 10,300 
2001-2006 220 2,740 7,670 1,420 0 1,790 10,260 
2006-2010 170 2,740 7,670 1,430 0 1,790 10,210 

Pumpflg, inaettrtd It] 2,400 ft 'II 

11976-80 1,010 3,110 7,320 1,310 60 1,980 10,710 
1981-85 1,990 2,740 7,670 1,680 20 4,150 9,820 
1986-90 1,320 2,740 7,670 1,750 0 4,160 9,330 
1991-95 930 2,740 7,670 1,840 0 4,150 9,030 
1996-2000 670 2,740 7,670 1,900 0 4,150 8,830 
2001-2005 500 2,740 7,670 1,930 0 4,150 8,700 
2006-2010 380 2,740 7,670 1,960 0 4,150 81610 

lt,tho.rg, inmottd bj 800 fl '/s 

11976-80 1,010 3,110 7,320 1,310 60 1,980 10,710 
1981-85 540 3,540 7,670 1,250 320 1,790 10,880 
1986-90 340 3,540 7,670 1,230 80 1,790 10,890 
1991-96 260 3,540 7,670 1,230 20 1,790 10,870 
1996-2000 200 3,540 7,670 1,230 10 1,790 10,840 
2001-2005 160 3,540 7,670 1,230 0 1,790 10,810 
2006-2010 130 3,540 7,670 1,230 0 1,790 10,780 

'Co.libralttd model valuoo i.nduded for compariaon purpooea. 

small amount of recharge is from precipitation on the 
plain; most precipitation on the plain is either evapo­
rated or transpired . Aquifer discharge is largely 
spring flow to the Snake River and water pumped for 
irrigation. Largest well yields are obtained from Qua­
ternary basalt; some sand and gravel aquifers also 
yield relatively large quantities of water. Older basalt 
and rhyolite generally yield less water but are impor­
tant aquifers in places. In some areas, clay and silt 
lenses are confining layers that impede vertical flow. 

Regional ground-water flow is generally southwest­
ward, from major recharge areas in the northeast to 
the major discharge area along the Snake River from 
Milner to King Hill. Hydraulic-head changes with 
depth are defined in major recharge and discharge 
areas and where silt, clay, and unfractured crystal­
line basalt layers impede vertical flow. Ground-water 
levels rose and ground-water discharge (largely 
spring flow) increased soon after surface-water irriga-

tion began on large tracts of land after 1890. Water 
levels and ground-water discharge peaked in about 
1950 and have declined since, owing to a combination 
of factors, including increased ground-water 
pumpage. Ground-water levels fluctuate seasonally in 
response to recharge from precipitation and surface­
water irrigation and pumping stress; they also fluctu­
ate in response to long-term climatic trends, 

Two-dimensional steady-state, three-dimensional 
steady-state, and three-dimensional transient simula­
tions were used to analyze the regional aquifer sys­
tem. The two-dimensional analysis incorporated a 
nonlinear, least-squares regression technique to esti­
mate aquifer variables (or parameters). Major as­
sumptions in the parameter-estimation analysis were 
that ground-water flow is two dimensional, and that 
the ground-water system in 1980 was at steady state. 

Across much of the eastern plain, flow in the re­
gional aquifer system is virtually two dimensional. 
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However, large vertical head differences were meas­
ured in major recharge and discharge areas and 
along the margins of the plain. Simulations indicated 
that an average of 700,000 acre-ft of water per year 
were removed from ground-water storage from 1976 
to 1980, whereas 100,000 acre-ft of water were re­
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 simulated re­
charge, underflow, leakance, riverbed or spring-outlet 
conductance, ground-water pumpage, ground-water dis­
charge, and transmissivity are reasonable an1 are the 
most important determinants of model response. Stor­
age coefficients are less important because high trans­
missivities allow rapid head changes throughout the 
regional system. 

Historical records and results from transient simu­
lations indicate how changes in ground-water levels 
dramatically change ground-water discharge. 
Mundorff and others {1964, p. 162) estimated that an 
average water-level rise of 60 to 70 ft from about 
1910 to 1959 increased ground-water discharge along 
the north side of the Snake River from Milner to 
King Hill to about 2,500 ft3/s {1,800,000 acre-ft/yr). 
Historical records and results from transient simula­
tions also indicate a decreased 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-aquifer 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-outlet conductance, particularly near the 
Snake River. 

The regional aquifer system in the eastern Snake 
River Plain responds quickly and over broad areas to 
changes in inflow and outflow, which include re­
charge from irrigation, stream and canal leakage, 
tributary drainage-basin underflow, and ground­
water pumpage. Transient simulations were made to 
evaluate long-term regional changes in aquifer heads 
and ground-water discharge, For example, simulated 
results indicate that the ground-water system re­
sponds rapidly to changes in pumpage. Historical 
records of rapid water-level 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 
hypothetical development alternatives: Cl) continua­
tion of 1980 hydrologic conditions, (2) increased 

pumpage1 and (3) increased recharge. Simulation of 
continued 1980 hydrologic conditions 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
basin underflow and inadequate aquifer definition. 
Simulation of increased grou:nd-water pumpage (by 
2,400 ft3/s) for 30 years indicated head declines of 
10 to 50 ft 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 30 years of increased recharge 
(800 ft3/s) was a rise in simulated heads of O to 5 ft 
in the central part of the plain. 

More and better data and continued model devel­
opment and testing are needed to further improve 
understanding of the hydrologic system in the east­
ern Snake River Plain. Better defmition of aquifer 
hydraulic conductivity is needed, particularly along 
the margins of the plain. Mass-flux estimates can be 
improved by obtaining better estimates of surface­
water diversions, irrigation-return flow, streamflow, 
and ground-water pumpage. To better define stream­
aquifer relations, data are needed on streambed hy­
draulic conductivities. 
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FIGURE 34.-Hydrographs showing simulated changes in ground-water levels in response to imposed changes in S (storage 

coefficient) . 
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FIGURE 37.-Hydrographs showing simulated changes in ground-water flux to and from the Snake River in response to imposed 
changes in L (leakance). 
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FJGURE 38.-Hydrographs showing simulated changes in ground-water levels in response to imposed changes in R (rechBl"ge). 
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F10URE 39.-Hydrographs showing simulated changes in ground-water flux to and from the Snake River in response to imposed 
changes in R (recharge). 
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FIGURE 40.-Hydrogrephs showing simulated changes in ground-water levels in response to imposed changes in RO (riverbed or 
spring-outlet conductances). 
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FmuRE 41.-Hydrographs showing simulated changes in ground-water flux to and from the Snake River in response to imposed 
chnnges in RC (riverbed or spring-outlet conductances). 
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FIGURE 42.-Hydrographs showing simulated changes in ground-water levels in response to imposed changes in GW (gTouniJ­
water pumpage). 
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F IGURE 43.-Hydrographs showing simulated changes in ground-water flux to and from the Snake River in response to imposed 
changes in GW (ground-water pumpage). 
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FIGURE 45.-Hydrographs showing simulated changes in ground-water flux to and from the Snake River in response to imposed 
changes in BF (boundary flux) , 
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APPENDIX A.-Diuersion and return-flow data for water year 1980 

This append~ lists 1980 water year djversion and return-flow 
data and data SOW'ce11 for surlace-water-irrigated areas on the 
eastern Snake River Plain. Areas shown in figure 7 include 
surlace--water-irrigated lands where diversion records are avail­
able. Sources or data are the following: 

a. Idaho Department of Water Resources (1980) 
b. U.S. Geological Survey (1980) 
c. U.S. Bureau of Reclamation (written commun., 1981) 
d. Water Distriet.B 37, 37M (1980) 
e. American Falls District No. 2 (written Commun., 1981) 
f. Wytzes (1980) 

g. Kjelstrom (1986) 
h. Idaho Department of Water Resources (written commun., 

1981) 

The data-source identifier {a-h) is used as a prefut in the follow­
ing tablea for the irrigation areas. 

Irrigation Area 1.-Diversions from Falla River 

Name Quantity (acre-feet) 

MB1Ysville Canal ................................................ . 
Farmers Own Canal ......................................... .. 
Yellowstone Canal ............................................ .. 
Orme Canal ......................................................... . 
Squin-el Creelr. .................................................... . 
Boom Creek ........................................................ .. 
Conant Creek ..................................................... .. 

'l'otal ................................... .......................... . 

Esilibated surface-return flows ................ . 

Diversions minus surface return ............. .. 

a 32,900 
a 14,900 
a 2,900 
a 800 
a 1,700 
a 800 
a 6,000 

60,000 

21,200 

38,800 

Irrigation Area 2.-Diversir;m.s from Henrys Fork, Falls River, and 
Tewn Ri11er 

Name 

Silkey ................................................................... . 
McBee ..................................... ............... .............. . 
Stewart ............. , ................................................. .. 
Pioneer .................................................... ............ . 
Wilford ................................................................. . 
Farmers Friend .................................................. . 
Twin Groves ........................................................ . 
Pincock-Byington .............................................. .. 
Croes Cut ........................................................... .. 
Fall River ....................................... ..................... . 
Chester ................................................................ . 
Pumps .................................................................. , 

Total ............................................................. . 

Estimated surface-return flows ................ . 

Diversions minus surface return .... .......... .. 

Quantity (acre-feet) 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

6,000 
600 

S,000 
1,600 

62,200 
83,500 
41,100 

4,200 
39,700 
65,300 
19,000 
5,400 

280,500 

106,200 

154,300 

b-rigation Area 8.-Diversion, from Henrys Fork 

Name Quantity (acre-feet) 

St. Anthony Union .. _. ........................................ . a 165,100 
Last Chance ........................................................ . a S0,800 
Dewey .................................................................. . a 6,100 
Independent ........................................................ . a 90,700 
St. Anthony Union Feeder ............................... .. a 38,300 
Egin .................................................................... .. a 112,100 

Total ............................................................. . 442,100 

Estimated surface-return flows ............... .. 63,000 

Diversione minus surface return ............. .. 879,100 

Irrigation Area 4.-Diversions from Fa.ti, River, Renrys Fork, and 
Teton River 

Name Quantity (acre-feet) 

Selem Union ...................................................... .. a 60,600 
Roxana ................................................................. . a 4,400 
North Selem ........................................................ . a 1,900 
Conaolidated Farmeni ....................................... .. a 84,800 
Curr .................................................................... .. ,a 14,600 
Enterprise .......................... ................................. . a 20,800 
Teton Irrigation .......................... ........................ . a 24,600 
Saurey-Somers ................................................... . a 4,600 
Island Ward ......................... ............................... . a 7,600 
Teton Island Feeder .......................................... .. a 92,300 
Pincock-Gardner ................................................ . a 1,800 
Rexburg City ....................................................... . a 6,000 
Rexburg Irrigation .... ........................................ .. a 52,400 
Woodmansee-Johnson .............. , .. , .. , .................. . a 6,400 
Siddoway ............................................................. . a 1,200 
McCormick-Rowe .............................................. .. a 400 
Bigler Slough ...................................................... . a 800 
Pumps ................................................................. .. a 400 

Total ............................................................. . 381,800 

Estimated surface-return flows ............... .. 186,200 

Diversions minus surface return ............. .. 246,600 

Surface-return Oows for irrigation areas 1-4 were estimated 
using data reported by Wytzee (1980) for the 1977 water year. 
Surface-return flows were ailjusted for the 1980 water year by 
assuming that the total etreamflow depletion for irrigation areas 
1-4 was equal to the ewn of the depletions within the a:reae, as 
expressed in the following equation: 

basin inflow-basin outflow-(diversions-surface returns). 

Therefore, if basin inflow, outflow, and diversions e.re known, the 
sum of all returns can be calculated. Knowing the total of all 
returns, one can adjust the returns reported by Wytzee (1980) by 
a common multiplier to equal the estimated total. Basin infl.ows 
(in acre-feet) for water year 1980 were 

Henry& Fork at Ashton ...................................... . g 1,102,400 
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Irrigation Area 4.-Diversions from Falls Riuer, Henrys Fork, and 
Teton River-Continued 

Falla River at Squirrel ......... ................ ............. . 
Marysville Canal ............................... ,, ... , ........... . 
Yellowstone Canal .................................... ......... . 
Conant Creek ...................................................... . 
Teton River near St. Anthony .......................... . 
Moody Creek ....................................................... . 

Total ............................................................. , 

g 660,400 
g 82,900 
g 2,900 
g 61,900 
g 659,800 
g 10,800 

2,820,600 

Basin outnows (in acre-feet) for water year 1980 were 

Henrye Fork near Rexburg ...... , ....................... .. 
Rexburg Canal drain ........................................ .. 

Total ............................................................. . 

g 1,491,900 
g 10,100 

1,602,000 

Total diversions for areas 1-4 were 1,144,400 acre-f\. Total re· 
turns (in acre-feet) for areas 1-4 were 

Sur(Qce 
inflow Outf1.ow 

1,602,000 

Diversions Returns 

2,820,600 - 1,144,400 - -325,800 

Surface-return Rows (in acre-feet) estimated from data reported 
by Wytzes (1980) were 

Area 1 ........................................ .. 
Area 2 ..................................... .. .. . 
Area 3 ......................................... . 
Area 4 ......................................... . 

Total .................................... . 

6,000 
31,600 
17,800 
36,600 

92,000 

The common multiplier is calculated ae 326,800/92,000=3.64, and 
the estimated surface-return flows (in acre-feet) are 

Area 1 ....................................... .. 
Area 2 ....................................... .. 
Area 3 ....................................... .. 
Area 4 ........................................ . 

21,200 
111,900 
63,000 

129,600 

Irrigation Area 5.-Right-bank diuersions from the Snake River 
from Heise to Lorenv> 

Name Quantity (acre-feet) 

Hill-Pettinger .................................................... .. a 900 
Nelson-Corey ........................... .......................... .. a 1,700 
Sunnydell ........................................................... .. a 47,400 
Lenroot .......... ................................................ , .. , .. . a 41,000 
Reid ............................................ ................ .. ........ . a 68,600 
Texas, Liberty Park ........................................... . a 79,100 
Bannock .Tun .......................... ...... ....................... . a 6,200 

Total ..................... .............................. , ......... . 233,800 

Irrigation Area 5.-Right-bank diversions from the Snake River 
from Heise to Lorenzo-Continued 

Surface-return flows: 

Texas Canal drain .............................................. . g 19,100 
Texas Slough ...................................................... . g 77,200 
Bannock Jim Slough .......................................... . g 8,800 

Total ....................... , .............. ,,., ................... . 106,100 

rnvereions minus surface return .............. . 128,700 

Irrigation Area 6.-Left-bank diversions from the Snake River 
from Heise to Lorenz.o 

Name Quantity (acre-feet) 

Riley ..................................................................... . 
Anderson ............................................................. . 
Eagle Rock .................................................. , ....... . 
Farmers Friend .................................................. . 
Enterprise ........................................................... . 
Dry Bed .............................................................. .. 
Nelson ................................................................. .. 
Matteon-Craig ................................................... .. 
Pumpe .................................................................. . 
Willow Creek near Ririe .................................... . 

Total ............................................................. . 

Surface-return flows: 

Dry Bed .............................................................. .. 
Spring Creek .......................... , ............. , .. , .......... ,. 
Emigrant Creek ............. , .................................... . 
Drain .......... .......................... , ............................... . 
Anderson waete , ................................................. . 
Sand Creek ......................................................... . 
Little Sand Creek ............................................... . 
Taylor .................................................................. . 
Henrye Creek ............................................. ......... . 
Willow Creek lloodway ...................................... . 

Total .................... , ........................................ . 

Diversions minus surface return .............. . 

g 6,100 
g 93,400 
g 136,400 
g 112,900 
g 66,600 
g 1;151,200 
g 700 
g 4,300 
g 700 
g 73,600 

1,638,700 

g 174,600 
g 21,700 
g 1,400 
g 700 
g 6,300 
g 6,700 
g 3,600 
g 10,600 
g 11,100 
g 8,600 

246,100 

1;388,600 

Irrigation Area 7.-Right-bank diversions from the Snake Riuer 
downstream from Lorenm to Shelley 

Name Quantity (acre-feet) 

Butte, Market Lake .......................................... .. a 71,600 
Bear Trap ............................................................ . a 6,000 
Osgood ................................................................ .. a 9,300 
Clements ................................... .... ...................... . a 700 
Kennedy .............................................................. . a 3,600 
Great Weetern .................................................... . a 126,300 
Porter ................................................................... . a 80,800 
Woodville ............................... , ............................. . a 21,600 
McKay South ...................................................... . a 600 

Total ................ , ........... ................................. . 320,300 
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Irrigation Area 7.-Right-bank diuersioM from the Snalre Riuer 
downstream from Lorenzo to Shelley-Continued 

Surface-return flows: 

Great Western waste ......................................... . C 400 
Great Western waste ......................................... . C 30,700 
Great Western waste ......................................... . C 26,600 
Butte, Market Lake return ....................... .. .. .... . C 7,200 

Total .......... ................................................... . 63,900 

Diversions minus surface return ............. .. 266,400 

Irrigation Area 8.-Left-bank diuersions from the Snalre Riuer 
from Lewisuille to Blackfoot 

Name 

Idaho ................................ , ................................... . 
Snake River vslley ............................................. . 
Blackfoot .. ..................... , ........ , ............................. . 
Corbett ................................ ................................. . 
Nielaon-HllJlBen ................................................. . 
Sand Creek at Idaho Falls ................................ . 
Little Sand Creek at Ammon ........................... . 
Taylor ...................... , ........................................... . 
Henrya Creek ......•...............................................• 
East Idaho Slough ............................................. .. 

Total ............. ................................................ . 

Surface-return flows: 

Cedar Point to Reservation Canal ................... . 
Snake River valley waste to Reservation 

Canal (estimated) ........................................... . 
88lld Creek to Reservation Canal ........ - ......... .. 
Idaho Canal to Blackfoot River m, ....... ......... . ... . 

Shull Lateral waste ........................................... . 
End ot East Idaho Slough into Blackfoot 

River ................................................................. . 
Corbett Slough waste to Snake River ............. . 
Blackfoot Canal waste to Snake River ........... .. 

Total ............................................................. . 

Diversione minus BUrl'ace return ............ .. . 

Quantity (acre-feet) 

a 
a 
a 
a 
a 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

296,200 
198,000 
lll,600 
47,600 

2,600 
6,700 
3,600 

10,600 
11,100 
13,800 

700,600 

2,700 

20,000 
78,200 
30,600 

2,200 

26,600 
3,200 

10,200 

172,600 

627,900 

Irrigation Area 9.-Diuersioni, from the Snake and Blackfoot 
Riuers 

Name 

LitUe Indian Creek ........................................ , ... . 
Fort Hall Main ................................................... . 
Fort Hall North .................................................. . 

Total ............................................................. . 

Surface-return flows: 

End or Fort Hall N ort.h ..................................... . 
End or Gibeon ..................................................... . 

Quantity (acre-feet) 

C 10,500 
C 178,900 
C 70,200 

C 

C 

269,600 

2,500 
2,100 

Irrigation Area 9 .. -Diuersions from the Snake and Blockfoot 
Riuer11-Continued 

Teak Lateral to Rose Fork ............................... .. C: 600 
Indian Lateral to Rose Fork ............................. . C 700 
Rose Fork downstream frotn Fort Hall Main .. C 3,600 
Tybee waste to Ross Fork ................................. . C 13,000 
Reider waste ................................... ................... .. C 2,000 
Dubois Lateral waste ......................................... . C 800 
Tybee Lateral waste .......................................... . C 2,000 
Church Lateral waste ........................................ . C 2,700 
End of Fort Hall Main ...................................... .. C 2,300 

Total .... ......................................................... . 32,300 

Diversions minus surface return .............. . 227,300 

Irrigation Area 10.-Right-bank diuersions from the Snake River 
downstream from Shelley to Blackfoot 

Name 

New Lava Side ................................................... . 
Peoples ............. ............................•................•....... 
Aberdeen-Springfield ........................................ . 
Riverside ............................................................. . 
Danskin ............................................................... . 
Trego .................................................................... . 
Wearyrick ....... , ........................................... ......... , 
Watson ................................................................. . 
Parsons ..... ........................................................... . 

Total ....... ...................................................... . 

Surface-return flows: 

Riverside waste .......... ........................................ . 
Watson Slough waste ....................................... .. 
Peoples waete ..................................................... . 
Duncan waste .... ...... ............................ .............. .. 
New Lava Side waste ........................................ . 
Parsons waste ..................................................... . 
Crawford waste .......................................... ........ . 

Total ............................................................. . 

Diversions minus surface return minus 
canal loss (Aberdeen-Springfield) ot 
95,200 acre-ft ........................................... . 

Quantity (acre-feet) 

a 86,200 
a 109,000 
a 312,000 
a 83,,600 
a 58,800 
a 17,700 
a 18,600 
a 31,400 
a 14,600 

630,700 

C 15,600 
C 9,400 
C 8,700 
C 6,200 
C 4,600 
C 1,900 
C 2,400 

47,600 

487,900 

Irrigation Area 11.-Left-bank diuersions from Portn.euf Riuer 

Name Quantity (acre-f1et) 

Fort Hall Michaud .............................................. c 30,600 
Falls Irrigation ................ ....... ............................. c 2a,200 
Bannock Creek .................................................... g 64,600 

Total ................ .......................................... , .. . 

Surface-retum flows: 

Bannock Creek ................................................... . 

Divereione minus surface return .............. . 

g 

108,400 

34,600 

73,900 
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Irrigation Area 12.-Right-bank diuersion from the Sna.ke Riuer 
at Lake Walcott 

Quantity (acre-feet) 

Diversion ..................... , ....................................... . 
Surface-J"eturn flows .......................................... . 

Diversion minus surface return ............... .. 

a 385,900 
g 47,400 

338,500 

Irrigation Area 13.-Right-bcmk diuer11ion from the Snake Riuer 
at Lake Milner 

Diversion ........................................................... .. 
Surface-return flows .......... ................................ . 

Diversion minus surface return ................ . 

Quantity (acre-feet) 

g 
g 

50,600 
1,700 

48,800 

Irrigation Area 14.-Right-bank diuersiona from the Snake Riuer 
at Lake Milner 

Name Quantity (acre-feet) 

North Side Twin Falls ...................................... .. a 697,300 
North Side Crosscut-Gooding ......................... .. g 364,200 
North Side ~A" Lateral ...................................... . a 18,100 
PA Lateral .......................................................... .. a 16,200 

Total ............................................................. . 1,084,800 

Surface-return flows ................................... . g 62,700 

Diversions minus surface return ............. .. 1,022,100 

Irrigation Area 16.-Left-bank diversions from the Snake River at 
Lake Milner 

Name 

South Side Twin Falla ....................................... . 
Rock Creek .......................................................... . 
Pry Creek ............... , ........................................... .. 
Cedar Creek ....................................................... .. 
Ct>ttonwood, McMullen, Deep Creeks ............. .. 

Total ............................................................ .. 

Surface-return flows .................................. .. 

Diversions minus surface return .............. . 

Quantity (acre-feet) 

a 1,090,200 
g 26,000 
g 9,000 
g 8,900 
g 16,000 

1,147,600 

g 576,600 

571,900 

Irrigation Area 16.-Le/?,-banli diversion from the Snoke River at 
Lake MiiMr 

Irrigation Area 17 .-Left-bank diuersion from the Snake River at 
Lake Walcott 

Diversion ............................................................ .. 
Surface-return fl.owe ......................................... .. 

Diversion minus surface return .... ............ . 

Quantity (acre-feet) 

a 312,300 
g 68,600 

246,800 

Irrigation Area 18.--GooBt? Creek diversion from Goose Creek 
Reservoir 

Diversion ........................................................... ~. 
Surface-return flows .......................................... . 

Diversion minus surface return ............... .. 

Quantity (acre-feet) 

b 44,900 
0 

44,900 

Irrigation Areas 19-26.-Milner-Goodin.g Canal, Big Wood and 
Little Wood Rivers 

Records of measured flows in irrigation areas 19-28 a.re from 
Water Districts 37, 37M (1980), American Falla District No. 2 
(written commun., 1981), and U.S. Geological Survey (1980). The 
approach was to ·sum the inflow and outflow for each irrigation 
area and determine the dill'erence. Thia approach includes river 
and canal losees and field seepage. The total Dow consumed in 
the baain wae compared with the total consumed in six of the 
eight subbasin areas. 

Name Quantity (acre-feet) 

Inflow: 
Big Wood River downstream from Magic 

Reservoir ..................................................... .. b 314,100 
Little Wood River near Carey ....................... . b 140,600 
Silver Creek at Sportaman Access .............. .. b 114,100 
Milner-Gooding Canal upstream from 

Little Wood River ........................................ . b 335,400 
X Canal ........................................................... .. d 101,100 

Total ........................................................ .. 1,006,200 

Outflow: 
Big Wood River near Gooding ..................... .. b 202,200 
Y Canal ........................................................... .. d 47,600 
X Canal ........................................................... .. d 22,200 
Dietrich Canal ................................................ , d 66,700 

Total ......................................................... .. 328,700 

Basin inflow minus basin outflow ........ .. 676,600 

Total of aubbasin consumption: 

Quantity (~re•feet) Area 
Inflow-Outflow 

(acre-feeV 

Diversion .......................... , .................... , ............. . 
Surface-return flows ......................................... .. 

Diversion minus surface return ................ . 

g 
g 

61,100 
600 

60,600 

19 ......................................................................... . . 
20 .......................................................................... . 
21 , ......................................................................... . 
22 ......................................................................... .. 

67,100 
62,600 

226,100 
106,800 
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Irrigation Areas 19-26.-Milner--Gooding Canal, Big Wood and 
Little Wood Riuers-Continued 

25 ......................................................................... .. 
26 .......................................................................... . 

Total ................................. , ........................... . 

94,700 
129,200 

686,600 

686,500-676,601),i\86,600xl00•1.6 peTcent d.iffeTence 

Irrigation Area 19.-South Gooding tract 

Name Qu.ontit:y (acre-feet) 

Inflow: 
Little Wood RiveT at Shoshone ..................... . 
X Canal, ........................................................... . 
Big Wood River near Gooding No. 9 ....... ..... . 

d 168,700 
d 101,100 
d 69,300 

Total .......................................................... . 339,100 

Outflow: 
Big Wood RiveT near Gooding No. 21 .......... . 
y Canal ........................................................... .. 

d 202,200 
d 47,600 

z canal ............................................................ . d 22,200 

Total .......................................................... . 272,000 

Inflow minus outflow ..... ......................... . 67,100 

Irrigation Area 20.-Norlh Gooding tract 

Name Quantity (acre-feet) 

Inflow: 
Head of North Gooding Main ....................... .. d 62,600 

Irrigation Area 22.-Lower Little Wood Ri1Jer 

Name Quantity (acre-fut) 

Inflow: 
Litile Wood River near Richfield, non-

irrigation sea.eon---ilstirnated from 
historical records .................................. ..... .. g 60,000 

Little Wood RiveT near Richfield, 
irrigation season ........................................ .. d 65,400 

JB Slough near Richfield ............................... . d 40,300 
Marley Slough ............................. .................... . d 20,300 
Historic F- waate ......... , ............. , ..................... . h 4,100 
Milner-Gooding Canal upstream from 

Little Wood River ....................................... .. d 335,400 

Total .......................................................... . 626,600 

Outflow: 
Dietrich Canal No. 11 .................................... . d 56,700 
Milner-Gooding Canal downstream from 

Little Wood River ....................................... .. d 193,300 
Little Wood River at Shoshone ..................... . d 168,700 

Total .......................................................... . 418,700 

Inflow minus outflow ............................. .. 106,800 

Irrigation Area 23.-Dietrich trod 

Name 

Inflow: 
Head of Dietrich Canal ................................. .. 
Milner-Gooding diversion ............................. . 

Total ........................................................... . 

Quantity (ocre,,feet) 

d 
e 

66,700 
16,600 

73,300 

Outflow ....................... ............................... .......... . O Outflow: 

Inflow minus outflow .............................. . 62,600 

Irrigation Area 21.-Shoshone tract 

Name 

Inflow: 
Big Wood River downstream from 

DiveTeion No. 6 ........................................... . 
Mi}ner-Gooding Canal downstream from 

Little Wood River ....................................... .. 

Total ................ .. ................................ , ....... . 

Outflow: 
Bead of North Gooding Main ........................ . 
Big Wood River near Gooding No. 9 ............ . 

Total ..... ..................................................... . 

Quantity (acre-feet) 

d 

d 

d 
d 

164,700 

193,300 

368,000 

62,600 
69,300 

131,900 

Historic F-waete ................ ......................... .. .. . h 4,100 

Inflow minus outflow .............................. . 69,200 

Irrigation Area 24.-Hunt tract 

Inflow ................................................................... . 

Outflow ................................................................ . 

In1low minus outflow ............................ , .. , ... 

Quantity (oore·feet) 

e 36,000 

0 

36,000 

Irrigation Area 25.-Richfield tract 

Name Quantity (rwre-feet) 

Inflow: 
Inflow minus outflow .............................. . 226,100 Head of Richfield Canal ................................. . d 169,300 



Irrigation Area 26.-Riclifield tract--Contmued 

Outflow: 
JB Slough near Richfield ................................ d 
Marley Slough.................................................. d 
Sum of mie.oellaneous wastes ......................... h 

Total .......................................................... . 

Inflow minus outflow .............................. . 
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40,300 
20,300 
4,000 

64,600 

94,700 

Irrigation Area 26.-Silver Creek, Upper Little Wood River 
diversions 

Nome 

Inflow: 
Silver Creek at Sportsman Access , .............. . 
Little Wood River near Carey ....................... . 

Total .......................................................... . 

Outflow: 
Little Wood River near Richfield, noil· 

irrigation seaso-stimated from 
hietoricel recorde ....................................... .. 

Irrigation season ............................................ .. 

Total .......................................................... . 

Inflow minua outflow .............................. . 

Quantity (acre-feet) 

b 114,100 
b 140,600 

d 

264,600 

60,000 
66,400 

126,400 

129,200 
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APPENDIX B.--Ground-wa.ter recharie 

Thie appendix lists ground-water recharge-rate calculations for 5-year intervals 
from 1928 to 1980. 

1928-30 
average Divereion- 1929 Evapotran· 

diversion return acreage spiration Recharge 
Area (thousands Percent (thousands (thousands (feet rate (feet 
No. of acre-feet) return of acre-feet) or acres) per year) per year) 

1 32.37 35 21.04 3.95 1.0 4.33 
2 268.83 33 180.12 37.17 1.1 3.76 
3 41-l.30 14 356.30 38.50 1.2 8.05 
4 341.60 43 194.71 47.49 1.3 2.80 
6 194.13 62 93.18 17.39 1.3 4.06 

6 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 
8 693.10 20 474.48 92.97 1.3 3.80 
9 (1) 20 63.71 1.6 

10 686.07 20 468.86 143.69 1.6 1.76 

11 (1) 20 .41 1.6 
12 615.60 12 453.73 79.45 1.6 4.11 
13 (I) 3 3.61 1.6 
14 1,205.23 7 1,120.86 284.40 1.6 2.34 
16 1,310.97 34 865.24 297.49 1.6 1.31 

16 34.00 1 33.66 6.94 1.6 3.25 
17 317.00 18 259.94 80.84 1.6 1.62 
18 36.33 0 35.33 16.30 1 .6 .67 
19 (I) 41.47 1.6 
20 (') 13.75 1.6 

21 (1) 6.01 1.6 
22 (1) 9.12 1.6 
28 (') 17.16 1.6 
24 (') '5,63 1.6 
25 (l) 19.65 1.6 

26 93.37 30.10 1.6 1.50 
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APPEND.a. B.--Ground,water recharge-Continued 

1931-35 
average Diversion- 1929--'5 Evapotran· 

diveraion return acreage spiration Recharge 
Area (thousands Percent (thoW!and.s (thousands (feet rate (feet 
No. of ac:re·feet) return of acre-feet) of acres) per year) per year) 

1 23.60 85 16.34 4.46 1.0 2.45 
2 223.24 38 149.57 37.38 l.l 2.90 
3 403.16 14 346.72 39.61 1.2 7.55 
4 306.22 4-3 173.98 45.46 1.3 2.53 
5 170.56 52 81.87 26.19 1.3 1.95 

6 1,399.22 13 1,217.32 135.83 1.3' 7.66 
7 304.26 20 24.3.41 72.73 1.3 2.05 
8 567.52 20 454.02 93.45 1.3 3.56 
9 ·(I) 20 61.95 1.5 

10 538.,68 20 466.94 169.21 1.6 1.43 

11 (I) 20 ,21 1.6 
12 418.60 12 368.28 64.11 1.6 2.78 
13 (I) 3 5.27 1.6 
14 1,056,§0 7 982.64 296.09 1.6 1.73 
15 1,267.92 34 830.23 267.05 1.6 1.51 

16 37.24 1 36.87 12.86 1.6 1.27 
17 308.98 18 253.36 75.62 1.6 1.75 
18 26.66 0 26.66 15.58 1.6 .11 
19 (I) 39.49 1.6 
20 28.90 20.81 1.6 0 

21 (') 21.10 1.6 
22 (') 6.74 1.6 
23 44.08 15.05 1.6 1.38 
24 {1) 3.87 1.6 
25 68.05 21.12 1.6 1.39 

26 97.08 26.37 1.6 2.08 
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APPENDIX B.-Ground-water recharge----Oontinued 

1936-40 Average 
average Diversion- 1929-46 Evapotran. 

diveraion return acreage spiration Recharge 
Area (thousands· Percent (thousands (thousands (t'eet rate (feet 
No. of acre-feet) return of acre-feet) of acres) per year) per year) 

1 36.22 36 23.64 4.46 1.0 4.29 
2 263.00 33 176.21 37 .38 1.1 3.61 
3 432.66 14 372.00 39.61 1.2 8.19 
4 351.84 43 200.66 45.46 1.3 3.11 
6 194.84 62 93.62 2lU.9 1.3 2.41 

6 1,486.64 13 1,292.61 135.83 1.3 8.22 
7 362.32 20 281.86 72.73 1.3 2.58 
8 660.28 20 620.22 93.46 1.3 4.27 
9 (l) 20 61 .96 1.5 

10 626.82 20 600.66 169.21 1.6 1.64 

11 (1) 20 .21 1.6 
12 473.72 12 416.87 84.11 1.6 3.36 
13 (1) 8 6.27 1.6 
14 1,176.66 7 1,094.29 295.09 1.6 2.11 
16 1,269.80 34 838.07 267.06 1 .6 1.54 

16 41.46 1 41.06 12.86 1.6 1.59 
17 345.08 18 282.97 75.62 1.6 2.14 
18 33.14 0 33.14 15.58 L6 .53 
19 108.04 39,49 1.6 1.14 
20 46.88 20,81 1.6 .65 

21 160.06 21 .10 1.6 6.99 
22 94.52 6.74 1.6 12.42 
23 66.60 16.04 1.6 2.10 
24 (1) 3.87 1.6 
26 77 ,64 21.12 1.6 2.07 

26 97.88 26.37 1.6 2.11 
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APPEND!]{ B.-Grou.nd-water recharge-Continued 

1941-45 
average Diversion- 1945 Evapotran-

diversion return acreage apiration Recharge 
Area (tbo"Usands Percent (tboueande (tbou&11nde (feet rate {feet 
No. of acre-feet) return of ac,e,feet) of acres) per year) per year) 

l 43.84 35 28.50 4.95 1.0 4.76 
2 272.90 33 182.84 37.58 1.1 3.77 
3 418.82 14 360.19 40.71 1.2 7.65 
4 334.98 43 190.94 43.42 1.3 3.10 
6 185.22 52 88.91 32.98 1.3 1.40 

6 1,449.26 13 1,260.86 136.92 1.S 7.91 
7 357.98 20 286.38 74.64 l.3 2.54 
8 626.44 20 600.35 93.93 1.3 4.03 
9 (1,) 20 60.18 1.6 

10 666.64 20 525.31 1'74,73 1.5 1.51 

11 (I) 20 0 1.6 
12 433.98 12 381.90 88.76 1.6 2.70 
13 (1) 3 6.93 1.6 
14 1,218.04 7 1,132.78 305.78 1.6 2.10 
16 1,233.90 34 814.37 236.61 1.6 1.84 

16 46.24 1 44..79 18.75 L6 .79 
17 319.60 18 262.07 '10.39 1.6 2.12 
18 45.36 0 46.36 14-.86 1.6 1,45 
19 87.84 37.-50 1.6 .74 
20 53.96 27.86 1.6 .34 

21 171.68 36.19 1.6 8.14 
22 119.72 4.36 1.6 26.86 
23 64.00 12.93 1.6 3.36 
24 {') 2.10 1.6 
25 87.20 22.59 1.6 2.26 

26 80.66 22.63 1.6 1.96 
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APPENDIX B .-.Ground-water recharge-Continued 

1946-50 
average Diversion- 1945 Evapotran-

diversion return acreage spiration Recbarp 
Area ·(thousands Percent (thousands (thousands (feet rate {feet 
No·. of acre-feet) r eturn of acre-feet) of acres) per year) per year) 

1 56.60 35 36.79 4.95 1.0 6.43 
2 286.16 33 191.73 37.68 1.1 4.00 
3 431.88 14 371.42 40.71 U ? 7,92 
4 342.10 43 195.00 43.42 1.S 3.19 
5 201.82 52 96.63 32.98 1.3 1.63 

6 1,496.36 13 1,301.83 136.92 1,3 8.21 
7 412.40 20 329.92 74.64 1.3 3.12 
8 669.48 20 535.68 93.93 1.3 4.40 
9 (1) 20 60.18 1.6 

10 f'/00.64 20 560.51 174.73 l.li 1.71 

11 (1) 20 0 1.5 
12 440.24 12 387.41 88.76 1.6 2.76 
13 (') 3 6.98 1,6 
14 1,276.98 7 1,187.59 306.78 1.6 2.28 
15 1,263.60 34 833,98 236.61 1.6 1.92 

16 62.62 1 52.09 18.75 1,6 1.18 
17 351.54 18 288.26 70.39 1.6 2 .50 
18 41.58 0 41.58 14.86 1.6 1.20 
19 96.40 37.60 1.6 .97 
20 58.46 27.86 1.6 .50 

21 189.92 36.19 1.6 3.65 
22 106.48 4.36 1.6 22.59 
23 69.10 12.93 1.6 3.74 
24 (') 2.10 1.6 
26 98.36 22.59 1.6 2.75 

26 102.26 22.63 1.6 2.92 
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APPENtllX B.-Ground-watu recharge--Continued 

1961~66 
average Diversion~ 1969 Evapotran-

diversion return acreage apiration Recharge 
Area {thouefll:ld1 Percent (thoueanda (thousands (feet -rate (feet 
No. of acre-feet) return of acre-feet) of acree) per year) per year) 

1 66.82 36 42,78 29.67 1.0 0.44 
2 297.16 33 199.10 39.04 1.1 4.00 
3 447.40 1• 384.76 28.31 1.2 12.39 
4 362.06 43 206.37 36.81 1.3 4.31 
6 218.66 62 104,96 22.80 1.3 3.30 

6 1,584.64 13 1,878.66 126.38 1.3 9.61 
7 429.44 20 348.66 78.78 1.3 3.06 
8 686.70 20 649.36 94.91 1.3 4.49 
9 (I) 20 64.00 1.6 

10 725.62 20 680.60 147.04 1.6 2,45 

11 (I) 20 20.4.5 1.5 
12 460.08 12 398.07 80.52 1.6 3.32 
13 (') 3 29.60 1.6 
14 1,319.32 7 1,226.97 190.77 1.6 4.83 
15 1,306.78 34 861.81 266.22 1.6 1.76 

16 67.26 1 66.69 4.15 1.6 12.06 
17 364.40 18 298.81 60.98 1.6 3.30 
18 43.38 0 43.38 19.38 1.6 .64 
19 86.40 28.63 1.6 1 .48 
20 61.72 18.06 1.6 1.82 

21 236.12 29.37 1.6 6.44 
22 100.92 11.9? 1.6 6.83 
23 74.84 23.66 1.6 1.66 
24 (') 24.31 1.6 
26 98.93 26.48 1.6 2.14. 

26 89.42 22.93 1.6 2.30 
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APPtNDIX B.-Ground-water rechorge~ontinued 

1956~0 
average Diversion- 1959 Evapotran-

diversion return acreage spiration Recharge 
Area (thousands Percent (thousands (thousands (feet rate (feet 
No. o[ acre-feet) return of acre-feet) o[ acres) per year) per year) 

1 70.68 35 45.94 29.67 1.0 0.65 
2 334.62 33 224.20 39,04 Ll 4.64 
3 471.32 14 405.34 28.31 1.2 13.12 
4 383.06 43 .218.34 36.81 l.S. 4.63 
5 24.1.18 62 116.77 22.80 1.3 3.78 

6 1,646.24 13 1,432.23 126.38 1.3 10.0S 
7 463.64 20 362.83 78.73 1.3 3.31 
8 710.08 20 568.06 94.91 1.3 4.69 
9 {') 20 64.00 1.5 

10 755.94 20 604.75 147.04 1.5 2.61 

11 63.26 20 60.61 20.46 1.5 .97 
12 460.22 12 404.99 80.62 1.6 3.43 
13 53.35 3 51.75 29.60 1.6 .16 
14 1,294.20 7 1,203.61 190.77 1.6 4.71 
16 1,264.88 34 828.22 266.22 1.6 1.63 

16 63.54 l 62.90 4.15 1.6 13.56 
17 367.44 18 '301.30 60.98 1.6 3.34 
18 38.88 0 38.88 19.38 1.6 .41 
19 93.86 28.63 1 .6 1.69 
20 60.80 18.06 1.6 1.77 

21 276.78 29.37 1.6 7.79 
22 90.20 11.97 1.6 5.94 
23 69.12 23.66 1.6 1.32 
24 (') 24.31 1.6 
25 96.74 26.48 1.6 2.06 

26 67.42 22.93 1.6 1.34 
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MPEll'DIX B.-Ground-water recharge-Continu.ed 

1961-66 
av!lrage Diversion- 1966 Evapotran-

diversion return acreage apiration Recharge 
Area (thousands Percent (thousands (thousands (feet rate (feet 
No. of e.c:re-feet) return of acre-.feet) of acres) per year) per year) 

l 56,70 35 36 .86 21.56 1.0 0.71 
2 324.26 33 217.25 39.61 1.1 4.38 
3 459.90 14 896.61 42.76 1.2 8.06 
4 365.62 43 208.35 62.45 1.3 2.04 
6 268.78 52 124.21 57.87 1.3 .85 

6 1,497.28 13 1,302.63 139.30 1.3 8.05 
7 371.56 20 297.26 81.56 1.3 2.34 
8 667.64 20 634.03 100.29 1.3 4.02 
9 (') 20 60.09 1.6 

10 676.82 20 641.46 163.67 1.6 2.02 

11 82.M 20 66.11 36.13 1.6 .38 
12 418.66 12 368.33 94.68 1.6 2.29 
13 62.42 3 60.85 32.48 1.6 0 
14 1,140.46 7 1,060.63 229.41 1.6 3.02 
16 1,201.90 34 793.25 276.86 1.6 1.27 

16 67.84 1 67.26 2.94 1.6 17.88 
17 348.10 1 8 281.34 57.09 1.6 8.33 
18 42.20 0 42.20 8.39 1.6 3.43 
19 87.88 28.19 1.6 1.52 
20 68.68 20.30 1.6 1.29 

21 223.84 17.96 1.6 10.86 
22 193.24 9.14 1.6 19.54 
23 74.02 17.08 l.6 2.73 
24 88.4,0 17.76 l.6 .28 
25 86.60 20.27 1.6 2.67 

26 71..74 18.82 1.6 2.21 
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APPENDIX B.-Ground-wa.ter n!Charge-Continued 

196&-70 
average Diversion- 1966 Evapotran-

diveraion return acreage spiration Recharge 
Area (thousands Percent (thousands (thousands (feet rate (feet 
No. of acre-feet) retuJ,n of acre-feet) of acres) per year) per year) 

1 69.86 36 38.91 21.66 1.0 0.80 
2 341.90 33 229.07 39.61 1.1 4.68 
3 453.82 14 390.29 42.75 1.2 7.93 
4 376.64 43 214.68 62.45 1.3 2.14 
6 300.84 62 144.40 57,87 1.3 1.20 

6 1,611.22 13 1,401.76 139.30 1.3 8.76 
7 379.08 20 303.26 81.56 1.3 2.42 
8 702.48 20 561.98 100.29 1.3 4.30 
9 (') 20 50.09 1.5 

10 736.10 20 588.88 163.67 1.6 2.33 

11 108.30 20 86.64 35.13 1.5 .97 
12 470.48 l2 414.02 94.68 1.6 2.77 
13 52.42 3 50.85 32.48 Hi 0 
14 1,290.72 7 1,200.37 229.4.1 1.6 3.63 
15 1,274.34 34 841.06 276.86 1.6 1.44 

16 65.74 1 65.08 2.94 1.6 20.54 
17 367.26 18 301.15 57.09 1.6 3.68 
18 34..02 0 34.02 8.39 1.6 2.45 
19 83.10 28.19 1.6 1.35 
20 61.58 20.30 1.6 1.43 

21 248.64 17.96 1.6 12.24 
22 132.30 9.14 1.6 12.87 
23 66.32 17.08 1.6 2.28 
24 32.38 17.75 1.6 .22 
26 106.30 20.27 1.6 3.64 

26 81.48 18.82 1.6 2.73 
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A.PPENDDt B.---Groun.d•water recharge-Continued 

1971-76 
average Diversion- 1979 Evapotran-

diversion return ·acreage epiration Recharge 
Area (thousende Percent (thoue1111de (thousands (feet rate (feet 
No. of acre-feet) return of acre-feet) of acres) per year) per year) 

1 60.88 85 39.67 0 1.0 
2 337.12 33 226.87 36.82 1.1 6.19 
3 427.34 14 367.61 31.16 1.2 10.60 
4 382..44 43 217.99 29.02 1.3 6.21 
6 261.84 62 126.48 24.64 1.3 3.79 

6 1,774.38 13 1,643.71 123.42 1.3 11.21 
7 398.10 20 318.48 76.31 1.3 2.93 
8 761.16 20 600.93 106.84 1.3 4.88 
9 (I) 20 38.77 1.5 

10 740.14 20 592.11 103.88 1.6 4.20 

11 107.28 20 86.82 39.69 1.6 .66 
12 443.92 12 390.65 86.78 1.6 2.95 
13 61.44 3 49.90 28.41 1.6 .53 
l4 1,210.92 7 1,126.16 171.72 1.6 4.96 
16 1,166.84 34 769.4{; 222.04 1.6 1.87 

16 62.04 1 61 .42 19.38 1.6 1.58 
17 352.04 18 288.67 48.82 1.6 4-.31 
18 70.22 0 70.22 0 1.6 
19 68.47 27.81 1.6 .86 
20 66.60 17.71 1.6 2.10 

21 307.68 33.42 L6 7.61 
22 100.72 8.00 1.6 10.99 
28 80.06 15.76 1.6 3.48 
24 41.68 16.46 1.6 .93 
26 121.60 31.47 1.6 2.26 

26 111.86 24 .85 1.6 2.90 
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APPENDIX B.-Ground.-water recharge--Continued 

1976-80 
average Diversion- 1979 Evapotran-

diveraion return acreage spiration Recharge 
Area {thousands Percent (thousands (tboueande (reet rate (feet 
No. of acre-feet) return of acre-feet) of acres) per year) per year) 

1 68.34 35 37.92 0 1.Q 
2 302.06 33 202.38 36.82 1.1 4.56 
3 367.90 14 316.39 31.16 1.2 8.96 
4 268.06 43 147.09 29.02 1.a 3.77 
5 229.86 62 110.33 24.64 1.3 3.18 

6 1,379.10 13 1,199.82 123.42 1.3 8.42 
7 355.84 20 284.67 76.31 1.8 2.48 
8 695.74 20 556.59 105.84 1.3 3.96 
9 269.60 20 207.68 38.77 1.6 3.86 

10 667.80 20 626.Z4 103.88 1.6 3.57 

11 112.88 20 90.30 39.69 1.6 .78 
12 391.12 12 344.19 86.78 1.6 2.41 
13 62,06 3 50.50 23.41 1.6 .56 
14 996.84 7 926.13 171.72 1.6 3.79 
16 1,116.12 34 736.64 222.04 1.6 1.72 

16 62.64 1 61.91 19.33 1.6 1.60 
17 297.38 18 243.86 48.82 1.6 3.39 
18 38.12 0 38.12 0 1.6 
19 62.88 27.81 1.6 .66 
20 67.04 17.71 1.6 1.62 

21 209.68 33.42 1.6 4.67 
22 77:94 8.00 1.6 8.14 
23 62.14 16.76 1.6 2.34 
24 32.48 16.45 1.6 .37 
25 90.04 Sl.47 1.6 1.26 

26 108.68 24.86 1.6 2.77 

•Recor& unavailable. 



APPENDIXES A-C 

APPENDIX. C.-Soils 

This appendix lists selected information from the gener,u soils map (U.S. 
Soil Conservation Service, 1976) used to estimate recharge to the ground-wa­
ter system. Soils were genualized into three classes on the basis of their 
hydrologic group and thickness. Hydrologic groups are used to estimate rain­
fall runoff, which is influenced by depth to a water table or impermeable bed­
rock, infiltration rate, and depth to layers of low-permeability eoils (U.S. Soil 
Conservation Service, 1976). Four hydrolQgic groups are defined: (A) low run­
off potential; (B) moderately low runoff potential; (C) moderately high runoff 
potential; and (D) high runoff potential. Depth of eoil is the depth to a limit­
ing layer such ae bed.rock, fragipan, or gra"\fel. Three groups of infiltration-rate 
potential were used in th.is report: (1) high infiltration-rate potential {hydro­
logic groups A and Bl, little or no soil cover, typically recent lava flows; (2) 
moderate infiltration-rate. potential (hydrologic groups B and C), thin soil 
cover (Iese than 40 in.), typically alluvium and thin loeee deposits; and (3) low 
infiltration-rate potentisl {hydrologic groups C and D), thick soil cover 
(greater than 4.0 in,), typically lacustrine and thick loese deposits. The follow­
ing table lists textural, hydrologic, and thickness information for soil unite in 
the eastern Snake River Plain. 

[- , no data 11vllil11ble] 

Depth to 
limiting 

Sequence layer Hydrologic Infi1 tration-
No. Textural description (jncbes) group rate group 

12 Loamy, skeletal 20-40 B 2 
13 Clayey >40 C, D 3 
14 Loamy >60 D 3 
16 Loamy, silty and loamy 20-40 B,D 3 
17 Silty, loess 20-40 C,D 3 

18 Silty or loamy >60 B,C 3 
21 Sandy, silty 40--vO B 2 
22 Loamy, -rock outcrops 20-40 C 2 
26 Silty, loese 20-40 B,C 3 
29 Loamy >40 C,D 3 

30 Silty 20-40 'B,C 3 
31 Silty, loamy >40 B,C, D s 
82 Loamy 20-40 B,D 2 
33 Loamy B 2 
34 Loamy, skeletal 20-40 B 2 

86 Skeletal, loamy 20-40 B 2 
43 Silty >60 B,C 3 
47 Silty, loamy >60 B,C,D 3 
48 Cla,yey, loamy, silty 40-60 13, C 3 
62 Clayey, sandy, loamy >40 C 3 

64 Skeletal and calcie, clayey <20 C,D 8 
66 Sandy >60 A 2 
67 Sandy, loamy >60 A.B 2 
69 Silty, loose >60 B 3 
70 Loamy 40--vO B 2 

72 Skeletal, loamy <20 B 2 
77 Silty >40 C,B 3 
82 Sandy, loamy >60 A.D 2 
91 Skeletal and stony >60 B 2 

ll2 Loamy 20-40 D 3 

FlOl 
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APPENDJX C.-Soil.,-Continued 

Depth to 
limiting 

Sequence layer Hydrologic Infiltration-
No. Tenural description Cinches) group rate group 

118 Silty >60 D 3 
136 Loamy 20-40 B,C 2 
160 Clayey 20-40 C a 
191 Loamy 20--40 A, B 2 
199 Calcic 20-40 B 2 

200 Loamy, silty >60 B 3 
201 Clayey and stony 40-60 0 3 
206 Skaletal, clayey <20 D 3 
207 Loamy, skeletal 20 B,C,D 3 
215 Loamy 20-40 C,D 2 

220 Sandy >60 A 2 
221 Loamy 40 B 2 
2.27 Loamy 40-60 B, C a 
229 Silty >60 B 3 
234 Skeletal 40 A 2 

236 Loamy, skeletal >60 B 3 
244 Silty >60 B 3 
246 Sandy >60 A,D 2 
248 Loamy 40 B 2 
250 Loamy >60 13 3 

251 Silty or loamy >60 B, C 3 
252 Silty >60 B 3 
257 Loamy 40 B 2 
259 Loamy 40 B 2 
265 Silty >60 B1 C a 

266 Silty >60 B,C 3 
267 Loamy 20 B,D 2 
268 Loamy 40 B 2 
271 Loamy 20-60 B, D 3 
274 Canyon walls 3 

275 Bare lava flows 1 
276 Hillslopee, rocky 2 
277 Active sand dunes 2 
278 Mountains, rocky 2 






