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ft (feet) 
fUd (feet per day) 
fUmi (feet per mile) 
rus (feet per second) 
ft2/d (feet squared per day) 
(ft 3/d)/mi" (cubic feet per 

day per square mile 
in (inches) 
mi (milesl 
mi 2 (square miles) 
acre-ftJyr (acre-feet per year) 

0.3048 
.3048 
.1894 
.3048 
09290 
.01093 

25.40 
1.609 
2.590 

1.233 x 10-3 

m (meters' 
mfd (meters per day) 

mfkm (meters per kilometer 
mfs (meters per second) 

m2/d (meters squared per day' 
[(m 3/d)/km 2 ) (cubic meters per 

day per square kilometer 
mm (millimeters) 

km (kilometersl 
km 2 (square kilometers) 

hm"/yr (cubic hectometers per 
yearJ 

SIMULATION ANALYSIS OF THE 
UNCONFINED AQUIFER, 

RAFT RIVER GEarHE~\fAL AREA! 
IDAHO-UTAH 

Ih \\'1 LLlA\! D, :'\ IU10LS 

.\BSTRV. I 

This study covers about 1.000 mi 2 (2,600 km') of the southern Raft Rive~ drair..3.,::e 
basin in south-central Idaho and northwest etah. The main area of intere:3t. appr:'x:­
mately 200 mi' (520 km" of semiarid agricultural and rangeland in the sou:..~ern P..J.:': 
River \'alley that includes the known Geothermal Re:"<!urce Area near Brie!;:e, Idc..~o. 
was !mxielled numerically to evaluate the hydrodynamics of the unconfin.:<l aqu::'e~ 
Computed and estimated transmissivity values range from 1,200 feet squar~ per cay 
(110 meters squared per day) to 73,500 feet squared per day 16,b:3l.1 m~ters ~uarE"2 ??, 
day!. Water budgets, including ground-water recharge and discharge for approxir::ate 
equilibrium conditions, have been computed by several previous investiga:ors: 0.e;, 
estimates of available ground-water recharge range from about 46,000 acr ..... feet ??r 
year (5i cubic hectometers per year) to 100,000 acre-ft-i't per year 1123 cubIC hecv'::1c­
ters per year '. 

Simulation modeling of equilibrium conditions represented by 1952 walN le',e:" 
suggests: 11) recharge to the water-table aquifer is about 63,000 :1cre-feet pEr year ~~ 

cubic hectometers per year); (2' a significant volume of ground water i~ c13chaC';:c-e 
through evapotranspiration by pr.reatophytes growing on tbe vaney bottorr:]and, :3 
the major source of recharge may be from upward leakage of water from a dpE';:><>r. 
confined reservoir; and· 41 the aquifer tran5missivity probably d,:o{'s not eXC'i:>ed ar.:.u: 
12,000 fe€t squared per day (3,100 meters squared per day i, Additwnal analy;ols car.-:eci 
out by simulating tranSient conditions from 1952 to 196,; strongly ~uggests then aq\.:::'er 
transmissivity does not exceed about 7,700 feet squar~ per day 700 meter~ squart-ci 
per day The model was calibrated using slightly modlfied publis:-:ed pumpa-:e da!_,: " 
satisfactorily reproduced the historic water-level decllnP over the period 19.:':2-65 

!l'\TRODUCTIOr-; 

Several proposals have been advanced for the development of 
geothermal resources in the upper Raft River Basin. Idaho-Ct.ah (fig_ 
1). One proposal (Dart and others, 1975) recommends the generation 
of 10 ~lW (megawatts) of electric power using an estimated 7.100 
acre-ft/yr (8,7 hm3;yrl geothermal fluid at 1-iO°C, The temperature of 
this fluid will be reduced by heat loss to an organic liquid (probably 
isobutanel in the proposed system heat exchanger. The cooled geo­
thermal water then would be returned to either the geothermal 
reservoir or a confined aquifer at an intermediate depth, 
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FIGURE I.-Index map of Idaho and northern Utah showing 
area covered by this report. 

Electric power production using geothermal fluid could require the 
use of shallow ground water for cooling purposes. One proposal (Dart 
and others, 19751 estimated that about 32,300 to 43,500 acre-fUyr 
1.39.8 to 53.6 hm:! yr) of cooling fluid may be required. It is anticipated 
that ground water used for cooling will be returned to the aquifer, 
thus providing that use of the water will be nonconsumptive except 
for that evaporated in the cooling process. Final design and operating 
criteria, determined in light of legal and environmental constraints, 
will determine the volume of water needed from the shallow 
ground-water system for cooling. 

INTRODUCTION 3 

PURPOSE AND SCOPE 

This study was undertaken to define quantitatively the geol:y­
drologic properties and hydrodynamics of the shallow aquifer -"yst<?:n 
in the southern Raft River Valley and to det€rmine if there 18 ar.y 
significant hydrodynamic interdependence between this syst€om ar.d 
the deeper geothermal system known to underlie at least par.: of t;,e 
area. Any such interdependence between the two systems would be a 
significant factor in concurrent development of the geothermal reser­
voir and the shallow ground-water system. 

The scope of this investigation includes the following: 
(1) Assemble geohydrologic data developed during several pre\'lo'J.-" 
studies in the Raft River Basin. 
(2) Construct and calibrate a computer-simulation model of th(· shal­
low ground-water system with emphasis on the area of anticipated 
geothermal development. Calibrate the model through use of watd­
budget and water-yield values computed during previous inve8tip­
tions. 
(3) Collect new water-level data and compute estimated pumpage 
from newly collected electrical power-consumption data for the years 
196&-75 to extend, if possible, the period of model calibration beyond 
1965, the last year for which goehydrologic data have already been 
published. 
(4) Using the simulation model, determine the volume and d;stribu­
tion of predevelopment recharge and discharge within the limits of 
previously determined water-budget estimates. 
(5) Provide simulation methods for quantitative evaluation of t!'-.t> 
effect of increased development of the shallow ground-water syste:n. 

STUDY AREA 

The area of interest covers about 1,000 mi2 (2,600 km 2 ) and encom­
passes all the Raft River drainage basin upstream from Malta. Ida;,o 
(fig. 2). This includes the southern part of the main valley of t he Raft 
River between Malta and The Narrows (fig. 2), hereafter referred .0 
as the southern Raft River Valley subbasin, as well as the Yost-AIm.) 
subbasin, the Elba subbasin, and Junction Valley (fig. 2l. The area ,)1 
principal hydrologic interest comprises the southern Raft Rivt'r \,al­
ley subbasin and the Yost-Almo subbasin. Geothermal-resource ex­
ploration and evaluation is now centered on an area in tht> upjXr 
(southern) end of the southern Raft River Valley subbasin at ... )ut l~ 
miles (23 km) south of Malta, Idaho, and about 6 miles (10 km north­
east of The Narrows near Bridge, Idaho (fig. 2l. 

The modeled area covers 200 mi 2 ( 20 km 2 1 and is in the southern 
Raft River Valley subbasin (fig. 2l. It extends from Malta on tht' north 
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almost to N af, Idaho, at the base of the Raft River Mountains on the 
south. The western boundary extends northeastward from The Nar· 
rows to the area about a mile n.6 km) east of Sheep Mountain and 
then northwestward almost to Connor on Cassia Creek. The eastern 
boundary is about 2 miles (3 km) west of the base of the more rugged 
parts of the Black Pine Mountains; it extends due northward from the 
vicinity of Round Mountain near Strevell (fig. 2). The modeled area 
includes the area of current geothermal exploration and develop­
ment. 

PRINCIPAL PREVIOUS INVESTIGATIONS 

Several previous geologic and hydrologic studies include all or 
parts of the area of present interest. 1\vo of these studies summarized 
or compiled most of the data needed for the development and calibra­
tion of a simulation model, and these constitute the primary previous 
investigations upon which the present study is based. The first com­
prehensive study of the water resources ofthe Raft River Basin (Nace 
and other, 1961) covered the period 1948-55 and provided well data 
and estimates of all elements of the hydrologic budget. By 1967, 
significant new geologic and hydrologic data had become available, 
and a second comprehensive report was prepared (Walker and others, 
1970). That study redescribed and redefined the geohydrologic 
framework of the basin using newly acquired data on ground-water 
pumping, change in water level, and use of irrigation water, and it 
covered the period 1948-66. It also presented new data for the 
reeval uation and refinement of elements of the hydrologic budget and 
independently developed a new budget for the basin. Both reports 
(Nace and others, 1961; Walker and others, 1970) contain references to 
previous investigations. 

Recent deep test drilling in the southern part of the Raft River 
Basin indicates that the basin is underlain by as much as 5,250 feet 
(1,600 m) of consolidated and unconsolidated sedimentary deposits. 
Basement rocks beneath most of the valley are igneous and 
metamorphic rocks of Precambrian age and sedimentary rocks of 
early Paleozoic age. These rocks are overlain by as much as 5,000 feet 
(1,500 m) of fluvial and lacustrine tuffaceous siltstone, sandstone, and 
conglomerate of the Salt Lake Formation. This formation, which has 
been divided into several units, is of Miocene and Pliocene age. The 
Salt Lake Formation is overlain by as much as 750 feet (230 m) of 
sand and gravel beds with some intercalated layers of silt and clay 
that compose the Raft Formation of Pleistocene age. This formation is 
confined largely to the valley trough and thins rapidly on the west 
side of the valley axis; it also thins rapidly south of Bridge, pinching 
out several miles north of the Raft River Mountains. Overlying the 

Il'.lRODUCTION 

Raft Formation, or where this unit is absent I the Salt Lake f:'rm:.­
tion), are Pleistocene and Holocene alluvial deposits of sand. g-:--aYE-:. 
silt, and loess as much as 200 feet (60 m) thick. 

The alluvial deposits, the Raft Formation where present. ar __ d tt.", 
upper part of the Salt Lake Formation make up the principal a(~uifE-' 
in the southern Raft River Valley. This aquifer. discus&:cd in detail i::l 
the following section of this report, can be considered a water-tab},: 
aquifer for practical purposes even though the water is locally cor:· 
fined. Data obtained from test wells, and geothermal explor'a tio:: 
wells drilled west and southwest of Bridge, and the interpretat:on c:' 
borehole geophysical logs obtained from these wells indicat€ the pre~· 
ence of at least one, and probably several, deeper confined aq ~ifer> 
beneath the water-table aquifer. The unconfined aquifer extend.:: tD 3. 

depth of about 800 to 850 feet (240 to 260 m). At greater deptr~s ar" 
confined aquifers: from about 1,100 to 1.400 feet (335 t·:· 425 m \. fror::. 
1,800 to 2,200 feet (550 to 670 m), and perhaps from 2.700 to 3.3C':1 fef: 
(820 to 1,000 m). Underlying these aquifers at a depth of 4A')O i.: 
4,500 feet (1,340 to 1,370 m) in the area southwest of Bridge :..s tt" 
approximate upper boundary of the geothermal reseryoir. The oept:: 
to the upper boundary under other areas of the valley is not bow:: 
but is thought to be about the same. 

The relations among the several aquifers and betwe€-n the a~uiff: 
systems and the geothermal reservoir are poorly known. The scar.: 
data available for the aquifer at 1,100 feet (335 m) indicate thai tht> 
head in this aquifer is higher than the head in the overlying u~cor.· 
fined aquifer; it is inferred from this that water in the shallow CJn· 

fined aquifer leaks upward and recharges the water-table aquifer. 
Data (on file with U.S. Geological Survey, Boise, Id. I obtained fror.: 
the geothermal exploration holes southwest of Bridge indicak the 
head in the geothermal reservoir is considerably higher than th" 
head in either the water-table aquifer or the confined aquifer at :.1(,(' 
to 1,400 feet (335 to 425 m), On the basis of this evidence. it is inf.:-rn.c 
that the head is greatest on the geothermal reservoir and decrease> 
progressively to the minimum observed in the water-table aquifer. II: 
other words, the head in any given aquifer or water-bearing zone i> 
lower than it is in the aquifer beneath and higher than in the aq:Jifer 
above. Each of the aquifers in the southern Raft River Basin is tilere­
fore recharged, in part at least, by upward leakage from underIyin~ 
aquifers. 
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GEOHYDROWGY OF THE 

SHALWW GROlJ:-.JD-WATER SYSTEM 

The following discussion concentrates on the specific details of the 
geohydrology of the shallow ground-water system in the southern 
Raft River Valley subbasin as they apply to the simulation model. 

BOUNDARIES, GEOMETRY, AND HYDRAULIC PROPERTIES 

The shallow ground-water system underlies the entire area 
modeled. Within this area no natural geologic or hydrologic lateral 
boundaries of the shallow aquifer can be defined on the basis of data 
now available. Arbitrary boundaries as shown in figure 2 were 
selected for operational purposes and generally coincide with aquifer 
limits suggested in Walker and others (1970); they are 2 to 6 miles (3 
to 10 km) from areas of significant irrigation pumpage. Lack of data 
regarding the nature of the aquifer made it impracticable to extend 
the boundaries any greater distance east, south, or west into or be­
neath the bordering mountain ranges. Northward extension of the 
modeled area beyond the boundary shown was avoided because of 
pumping centers 3 to 5 miles (5 to 8 km) north of Malta. On the basis 
of the configuration of the 1952 water table shown in figure 3, the 
east, south, and west boundaries are believed to be recharge bounda­
ries, and the north boundary is believed to be a discharge boundary. 

The thickness of the shallow aquifer is poorly known throughout 
the area of interest including the southern Raft River Valley sub­
basin. Nace and others (1961, p. 96) suggest that it may be as much as 
1,200 feet (370 m) thick near Malta. Walker and others (1970, fig. 8) 
suggest that the shallow aquifer may range in thickness from about 
200 feet (60 m) on the east side of the valley along the base of the 
Black Pine Mountains to about 1,400 feet (430 m) near Malta. Aquifer 
thickness used in the present study is shown in figure 3; values for 
thickness are based mostly on the isopach map of Walker and others 
(1970, fig. 8) showing the combined thickness of alluvium, basalt, and 
Raft Formation, and on recent test-hole data and borehole geophysi­
cal logs in the part of the area south of Bridge. The aquifer as shown 
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FIGURE 3.-Saturatro thickness of the unconfined aquifer in 1952, southern Raft P"n'r 
Valley subbasin. 

in figure 3 may include part of the upper unit of the Salt Lake Forma­
tion. 

Ground water in the shallow aquifer occurs mainly under uncon-
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fi ed or water-table conditions, Even in parts of the aquifer pene-

t n ted bv the deepest wells in the subbasin, the water is at most 
ra " I h poorly confined (Walker and others, 1970, p. 58), a thoug ground 

water is confined to semiconfined locally where the primary water­
bearing zone is capped by small local and discontinuous deposits of 
low permeability. Perched water occurs locally in small areas of the 
valley bottom, These conditions exist during the irrigation season 
and in some cases persits for several months afterward (Walker and 
others, 1970, p. 58). 

Aquifer permeability, transmissivity, and specific yield have been 
computed or estimated by several investigators (table 1), All methods 
used by Nace and others (1961, p, 83-95) to compute or estimate 
transmissivity give a range of values from about 7,000 feet squared 
per day (620 m2/d) to about 70,000 ft2/d (6,200 m 2/d) An average 
hydraulic conductivity of about 130 feet per day (40 mid) is suggested 
for the uppermost 200 feet (60 m) of the aquifer (Nace and others, 
1961, p, 96). Values of specific yield ranging from 0,11 to 0,15 were 
computed from data obtained from an aquifer test near Malta (Nace 
and others, 1961, p, 87-91); computed transmissivity values range 
from 22,700 ft2/d (2,110 m2/d) to 26,700 ft2/d (2,480 m2/d), Walker and 
others (1970, p, 61, 63) suggested an average hydraulic conductivity of 
130 ftld (40 mid) for the upper 200 feet (60 m) of the alluvial aquifer in 
the Raft River Valley subbasin, They also indicated (1970, p, 63) that 
the entire thickness of the aquifer may have an average hydraulic 
conductivity of about 40 ftld (12 mid), and they estimated (1970, p, 77 
and fig, 19) that the specific yield of sediments in the Raft River Valley 
subbasin ranges from 0,02 to 0,2, . 

:v1orrilla and Ralston (1976) conducted several aquifer tests in the 

TABLE l.-Summary of aquifer test results 

T = transmissivity 

Source 

SIiC't" and others" 
All method. 7,000 
Malta Land and [n-igatlOn Co. test 22,700 

\\"alx.f'T and others _ _ . 
Morn))ia and Ralston: 

Test in Raft River Vallev subbasln 13,400 
Test in Yost..Almo subbasm" 3.200 

ThH~. study: 
From" Raft of Rlver Valley subhasln dHta 
of Morrill. and Ralston' . 1,30" 

From Yost-Almo subbasin data .. 3,lXXl 
From Malta Land and IrngatlOn Co 

test data of Nace and others _ 23 900 
From spt."<'lfic*capaclty data 1 :200 

·Only one observation well u8t'<i In test. 

Maximum 

70,000 
26,700 

73.500 

110,000 

12,000 

K ~ hydraulic 
conductivity 

dilday) 

Entire 

Specific yield 
(percent) 

0-200 ft thickness Minimum Maximum 

130 

130 40 
0.11 
0,02 

0.15 
0.22 

. _1.8XI0' 2.8x10' 

33-1KO 
"10 
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southern end of the Raft River Valley subbasin and one test in ::-_€: 
Yost-Almo subbasin and obtained transmissivity values that ran~~ 
from 13,400 ft2/d (1,240 m2/d) to 73,500 ft2/d (6,830 m2/d) for the R2.f:: 
River Valley subbasin and a value of 3,200 ft2/d (300 m2;d I for ::-,;: 
Yost-Almo subbasin, Values for the storage coefficient range from :_ ~ 
x 10 -:! to 2.8 x 10 -~ Recently obtained borehole geophysical d.:;:a 
suggest that the aquifer may be as thick as 400 feet (120 m) where :,he 

aquifer tests were made. Thus, the average hydraulic conductivity of 
the entire thickness of the aquifer may range from about 33 fud ,10 
mid) to 180 ftld (55 mid). 

Aquifer test data collected by Nace and others (1961) and ~iorri:la 
and Ralston (1976) were reevaluated during the present study. It "'~ 
determined that, with two exceptions, the data collected from eac:-c 
observation well during the tests do not define a unique tir:.:e­
drawdown curve that can be used to compute a value 0: 
transmissivity. Using equations and type-curves developed by K 5 
Boulton and R. W Stallman (Lohman, 1972, p, 34-40) for the analysi3 
of aquifer tests in water-table aquifers, one can compute 
transmissivity values that are as much as one order of magnitude 
smaller to about one-half order of magnitude larger than the value5 
derived by Morrilla and Ralston (1976), Similar analyses of two oflhi: 
three data sets collected by Nace and others (1961) are completely 
nondiagnostic because the duration of the tests was too short, 

Data collected by Nace and others (1961) from one observation well 
during their test in the southern Raft River Basin were found to 
describe uniquely a time-drawdown type curve from which a 
transmissivity value of 23,900 ft2/d (2,220 m2/d) was calculated us::.; 
the Boulton curves given by Lohman (19721. The value is virtua::y 
identical with that computed by Nace and others (1961) with the sa~e 
data using different methods. The observation well from which tht-:5€ 
data were obtained is 31 feet (9.4 m) deep and 4 feet (1,2 m) in diar::e­
ter, the same depth and diameter as the pumped well. Both welb 
penetrate about 3 feet (0,9 m) of soil and 28 feet (8,5 m) of gravel: at 
least 2 feet (0,6 m) of clayey and silty sediment underlies the grayeL 
These deposits are probably alluvial deposits of Holocene age. T,e 
significance of the computed value of transmissivity with respect to 

the entire aquifer thickness is uncertain because the full circu:-:1-
stances of the test are not known, The pumping well is very near tie 
Raft River, which may have been a source of recharge during the tk.st, 

The test conducted by Morrilla and Ralston (1976) in the Yost-Almo 
subbasin also yielded data that uniquely defined a type cun'e fr0ll 
which the transmissivity could be calculated using the method :"0r 

water-table aquifers outlined by Lohman (1972), Again, the recalcu­
lated value was virtually the same as the 3,200 ft2/d (300 m2, d) com-
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d by 1\lorrilla and Ralston (1976)' The stratigraphy of the test site pu~., , 
was not described by Monlla and Ralston, but the wells, whIch are 
263 feet (80 m) and 253 feet (77 m) deep, are believed to penetrate 
onlv the Salt Lake Formation, probably the lower member. 

Transmissivity values also were estimated during this study from 
specific-capacity data using a method developed by Hurr (1966), The 
estimated values range from about 1,200 ft2/d (110 m 2/d) to 12,000 ft2/d 
(1,120 m2/d) and average 4,200 ft2/d (390 m2/d), These are significantly 
lower than most values computed by other investigators using test 
data obtained from observation wells, 

The variations between values of estimated and computed 
transmissivity reflect not only areal differences in aquifer thickness 
but also horizontal and vertical differences in hydraulic conductivity. 
The upper 50 to 200 feet (15 to 61 m) of aquifer in the Raft River 
Valley may have a hydraulic conductivity as high as 130 ft/d (40 mid), 
Below these depths, hydraulic conductivity may range as low as 5 to 
10 ftld (1.5 to 3 mid), as is suggested by the aquifer test in the Yost. 
Almo subbasin. The average transmissivity of the entire thickness of 
water-bearing material included in the unconfined aquifer, as used in 
this study, is thought to be significantly lower than that suggested by 
resul ts of tests using observations from wells, nearly all of which are 
less than 300 feet (91 m) deep. This interpretation is supported, 
though not proven, by mathematical simulation analysis, (See the 
sections "Transmissivity" and "Credibility of Results,") 

THE WATER TABLE, 1952-76 

Most of the wells in the southern Raft River Valley subbasin are in 
a narrow belt extending about 1 or 2 miles (1.6 to 3,2 km) on either 
side of the Raft River in the central part of its valley. Stearns and 
others (1938, pI. 1) showed a water-table map for part of the Raft River 
Valley for 1928-29, but Nace and others (1961, pI. 5) showed a gen­
eralized configuration of the water table for the period October­
November 1952 in a large part of the subbasin (fig. 4). Because water­
level altitudes based on depth-to-water measurements made in 1952 
are in general agreement with scattered measurements made inter­
mittently since 1928, the 1952 surface is assumed to approximate 
closely the altitude and configuration of the predevelopment water 
table, The slope of the water table in the lowland part of the southern 
Raft River Valley subbasin ranges from about 30 to 40 ft/mi (5.6 to 7,6 
m/km) near The Narrows, to about 20 ft/mi (3,8 mlkm) directly north 
of Bridge, and to about 15 ftlmi (2.8 m/km) directly south of Malta. 

Water levels were measured in the Raft River Valley subbasin 
again in 1961 (Mundorff and Sisco, 1963, pI. 1) and in the Elba, Yost-

GEOHYDHOLOGY OF THE SHALLOW GHOUND·WATEH SYSTE:-'l 

hm3
) in 1948 to an estimated 10,200 acre-ft (12.6 hm3 ) in 19.52: :-: 

increased to about 59,100 acre-ft (72,9 hm3 ) in 1961, then decrease-d :.; 
an estimated 55,200 acre-ft (68.1 hm3 ) in 1965 (table 2). Yearly pUI":".­
page for irrigation in the southern Raft River Valley subbasin wa: 
anomalously high in 1966, amounting to an estimated 84,100 acre--t: 
(103 hm3 ), because precipitation in that year was only about 60 per­
cent of the long-term mean annual precipitation, The estimated pum­
page for irrigation shown in table 2 for the period 1952-65 is taker_ 
from Walker and others (1970), The estimates are based on power­
consumption and unit-power-consumption data developed by 1\ace 
and others (1961), Mundorff and Sisco (1963), Haight (1965), ane 
Walker and others (1970). 

Records for electric power used by irrigation-well pumps were ob­
tained for the years 1967 through 1974 through the courtesy of the 
Raft River Rural Electric Cooperative, Attempts were made to CO!I2-

pute irrigation pumpage using these data, but reliable associat~ 
data related to well efficiency, unit-power consumption, and lift were 
not available. In addition, sprinklers have gradually been introduceC 
randomly into the area since about 1969, increasing the lift requi.re-­
ments of individual wells by 90 to 220 feet (27 to 67 m) but decrea8m~ 
the quantities of water used by unknown amounts, These added !if: 
demands increased power consumption without a concurrent Increa...;;.e 
in irrigation pumpage. Excessively large increases in p?wer, cor:­
sumption for individual wells or given areas could not be IdentIfiea. 
and the impact of sprinklers on the analysis could be compensated fOr" 

only in a very general way. Consequently, estimated irrigation pum­
page shown in table 3 may be too large, 

WATER BUDGET 

Predevelopment water-budget analyses of the Raft River Basin by 
previous investigators (Nace and others, 1961; Walker and othe~. 
1970) have been reevaluated and are considered to provide reasonable 
estimates of upper and lower limits of net recharge of ground water 
before development. The estimates of water yield and ground-water 
outflow have also been revised to reflect discharge by significant 
phreatophyte growth in areas of shallow ground water in ~he R..'-l1"t 
River Valley subbasin before development of the shallow aqUIfer, The 
result has been a large decrease in the estimated volume of water 
leaving the basin as underflow and a proportional decrease in the. 
estimate of transmissivity required to accommodate the estimateu 
underflow, The revised estimates of evapotranspiration and underflow 
have decreased the water yield, as defined by Nace and others O%L 
p. 45) and Walker and others (1970, p. 40), in the lowland area of the 
Raft River Valley subbasin. The corresponding change in estimated 
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Location 

13Si25E-32 
13Si26E- I 
13S;26E--12 
13SJ26E-13 
13Si'26E-14 

13S'26E-20 
13&26E--22 
13S26E-23 
13Si26E-24 
13&26E--26 

13Si27E- 2 
13Sl27E- 6 
13Si27E- 7 
13Sl27E- 9 
13Sl27E-10 

13Si27E-1I 
13SJ27E-14 
13Sl27E-16 
13Si'27E-17 
13Si'27E-18 
13Sl27E-19 

13S127E-20 
13S127E-23 
13S127E-29 
13&'27E-30 
31S127E-31 

13Sl27E-32 
13Sl27E-33 
13&28E- 3 
13&28E- 7 
13S128E-12 
14Si27E- 3 

14Si27E- 4 
14Si27E- 5 
14Sl27E- 6 
14&'27E,- 7 
14S127E- 8 

14&27E- 9 
14S127E-16 
14Si27E-17 
14S127E-18 
14Sl27E-20 

14S127E-28 
14&27E-29 
14SI'27E-30 _ 
14Sl27E-32 __________ _ 
14SI'27E-33 _____________ _ 

15S'24E-13 
15Si24E-25 
15Si24E- 27 
15Si25E- 7 
15Si25E-33 

15Si26E-13 
15Si26E-23 
15Si26E-24 
15Si26E-26 
15Si26E-27 

15Si26E-33 
15S'27E- 6 
15Si27E- 7 
15Si27E-- 8 
15S.27E-18 

15S.27E-19 
15Si27E-20 
15&27E-29 
16Sr24E-12 __ 
16Sr24E-23 __ 

TABLE 2,-Pumpage, in acre-feet, 

(From Walker and others. 1970, and unpublished records on file 

1952 

o 
RO 
17 

280 
13 

o 
o 
o 
o 
o 
o 

403 
34 
o 
o 
o 
o 
o 
o 

366 
101 

402 
o 

411 
762 

o 
929 
792 

o 
o 
o 
o 

1,303 
o 

95 
219 
268 

214 
o 

334 
92 
o 
o 

151 
144 
108 
72 

o 
o 
o 
o 
o 
o 
o 
o 
o 

1,100 

o 
o 

385 
o 
o 

599 
o 

116 
200 

o 

1953 

o 
97 
14 

384 
25 

o 
o 
o 
o 
o 
o 

454 
69 
o 
o 
o 
o 
o 
o 

410 
o 

398 
o 

385 
772 
302 

1,125 
785 

o 
o 
o 
o 
o 
o 

169 
341 
416 

355 
249 
557 
129 
86 

o 
155 
202 
301 
140 

o 
o 
o 
o 
o 
o 
o 

910 
o 
o 
o 
o 
o 
o 

803 

493 
433 

71 
220 

o 

1954 

o 
85 
o 

629 
36 

o 
o 
o 
o 
o 
o 

783 
543 

o 
o 
o 
o 
o 
o 

167 
105 

131 
o 

911 
1,275 

523 

2,260 
1,502 

o 
o 
o 
o 

2,053 
o 

374 
1,002 

434 

l,1;43 
598 

o 
360 
429 

o 
319 
366 
510 
162 

o 
o 
o 
o 
o 
o 
o 

2,057 
o 

143 

o 
143 
353 
805 

1,435 

663 
490 
306 
235 

o 

1955 

o 
128 

24 
1,415 

49 

o 
406 
214 

o 
64 

o 
593 
710 

o 
o 
o 
o 
o 
o 

378 
107 

1,530 
o 

880 
1.811 

375 

2,240 
676 

o 
o 
o 
o 

1,808 
o 

550 
1,052 

476 

2,036 
I,M9 
1,158 

432 
436 

o 
901 
274 

I,M4 
234 

o 
o 
o 
o 
o 
o 
o 

1,844 
o 

256 

o 
142 
308 

2,037 
2,352 

837 
425 
299 
275 

o 

1956 

o 
124 

27 
1,323 

56 

o 
427 
251 

o 
92 

3,181 
511 
357 

o 
o 

o 
o 

601 
o 

220 
64 

698 
o 

409 
1,180 

298 

1,558 
423 

80 
o 
o 
o 

2,253 
427 
586 
934 
682 

2,964 
831 
896 
484 

1,111 

o 
830 
290 
860 
152 

o 
o 

650 
o 
o 
o 
o 

1,973 
o 

327 

o 
683 
252 

1,311 
1,974 

574 
399 
307 
300 

o 

GEOHYDROLOGY OF THE SHALLOW GROUND-WATER SYSTDI 

for 1952 through 1965 

m District office; totals rounded to thN!e significant figures] 

1957 

o 
92 
24 

939 
52 

o 
356 
235 

o 
102 

3.042 
646 
303 

o 
o 
o 
o 

676 
o 

216 
64 

520 
o 

313 
1.267 

361 

1.750 
442 

80 
o 
o 
o 

2,438 
409 
580 
778 

1.168 

3,580 
598 
622 
457 

1.608 

o 
720 
286 
653 

73 

o 
o 

800 
o 
o 
o 
o 

2,018 
o 

382 

o 
1,149 

221 
812 

1,,87 

339 
401 
331 
350 

o 

1958 

o 
90 
o 

847 
o 
o 

407 
304 

o 
152 

3,156 
810 
272 

o 
o 
o 
o 

840 
o 

226 
68 

389 
o 

245 
1,428 

443 

2,038 
485 

80 
o 
o 

168 

3,063 
423 
659 
743 

1,598 

4,620 
472 
462 
497 

2,295 

o 
723 

o 
559 

13 

o 
o 

1,000 
o 
o 
o 
o 

2,064 
o 

436 

o 
1,976 

249 
388 

2,072 

315 
o 
o 

400 
o 

1959 

o 
126 

16 
974 

35 

o 
588 
301 

o 
170 

2,164 
1,2,57 

935 
o 
o 
o 

2,152 
1,879 

o 
259 
116 

163 
o 

158 
1,270 

420 

1,590 
387 
100 

o 
o 
o 

2,756 
494 

1,186 
1,113 
2,589 

4,912 
597 
833 
687 

2,950 

o 
781 
346 
632 
114 

o 
o 

1.230 
o 
o 
o 

67 
2,442 

o 
551 

o 
1,395 

265 
1304 
1:975 

388 
483 
440 
490 

o 

1960 

o 
267 

20 
1,961 

47 

48 
1,258 

576 
944 
339 

1,798 
1,741 
1,520 

o 
o 
o 

2,272 
2,856 

o 
318 
165 

32 
o 

121 
1,344 

465 

1,513 
375 
570 

o 
o 
o 

2,223 
508 

1,528 
1,322 
3,199 

4,688 
647 

1,075 
786 

3,229 

o 
756 
332 
635 
192 

1,430 
o 

460 
620 

o 
810 
301 

1,951 
o 

460 

8 
866 

o 
1,785 
1,747 

409 
422 
401 

1,230 
o 

1961 

o 
286 
180 

1,367 
39 

32 
946 
426 

o 
244 

1,656 
1,265 
1,201 

273 
1,089 

1,935 
2,493 
2,155 

o 
322 
303 

40 
o 

157 
1,245 

406 

1,420 
370 

1,970 
o 
o 
o 

2,451 
841 

2,086 
1,654 
3,692 

5,276 
796 

1,180 
876 

3,553 

o 
1,057 

341 
712 
285 

1,024 
o 

336 
830 

o 
o 

220 
1,845 

o 
386 

9 
888 
262 

1,293 
1,603 

406 
338 
290 

1,030 
o 

1962 

o 
365 
353 

1.180 
41 

27 
900 
396 

o 
218 

1,850 
1,093 
1,153 

433 
1,329 

2,070 
3,163 
1,958 

o 
387 
432 

55 
o 

218 
1,397 

433 

1,611 
438 

2,380 
o 
o 
o 

1,970 
594 

2,068 
1,521 
3,130 

4,347 
720 
944 
714 

2,850 

o 
1,067 

250 
585 
300 

628 
o 

212 
630 

o 
o 

166 
1,948 

o 
355 

11 
984 
290 
973 

1,613 

438 
294 
218 
720 

o 

1963 

70 
514 
612 

1,126 
50 

24 
974 
419 

o 
221 

1,657 
733 
888 
553 

1,308 

1,785 
3,111 
1,408 

o 
367 
541 

57 
1,139 

228 
1,256 

372 

1,465 
411 

2,330 
o 
o 
o 

1,772 
623 

2,296 
1,581 
2,994 

4,026 
737 
843 
653 

2,556 

o 
1,202 

198 
539 
350 

728 
o 

252 
630 

o 
o 

130 
2,493 

o 
390 

17 
1,524 

451 
939 

2,297 

665 
355 
209 

1,330 
o 

1964 

130 
4-67 
656 
705 

42 

13 
724 
302 

o 
149 

1.866 
S~ 
5<>9 
995 

1,810 

1.94, 
3,796 
1.249 

o 
434 
71i 

72 
1.'>00 

'ZOO 
1.419 

403 

1,567 
431 

1.545 
239 
576 

o 
1,4.35 

595 
2,308 
1..'>00 
2,609 

3,3.."0 
689 
677 
540 

2.062 

64 
1223 

'132 
451 
365 

421 
177 
152 
310 
190 

o 
55 

2,&-12 
184 
349 

o 
1,764 

o 
551 

2,473 

756 
316 
120 

1,417 
523 

j;Jj 
I 

:.553. 

2.."fR.' 
1,:-:::::' 
LOUT 
:,Y.Iil.' 

261. 
#:-

:,jill 
.: ... -,9-

:.Jt-l'L 
~~ 

z..~. 

:.':'b,) 
.!..~ 

l.J~ 
riltf. 
.s~ 
..\.~ :':' 

lltL 

, 
';f), 

Z.:j(fL 
31~: 

I..:!+;: 

:!"j.S";"" 
SoT 

LJ8.~ 
l.Jl':'~ 

~L' 
:.:"'0&" 

61 I..!. 
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TABLE 2.-Pumpage, in acre-feet, 

LocatIOn 
1952 1953 1954 1955 1956 

16S'25E- 5 0 0 0 0 0 
16S.25':- 7 0 0 0 0 0 
16S.20E- R 0 0 0 0 0 
16S.25E-ll 70 70 70 70 400 
16S.26E-Il 0 0 0 0 370 
16S.2H~ 3 0 250 250 300 200 

Rounded 
wtajg 10,200 11,600 24.100 32.200 35.100 

TARLE 3.-Estimated pumfXl/{e. in acre-feet, for 1966 through 1974 

ITotal~ roundf.."<i tD three significant figuresl 

------"-_._--- ----.~-- ~-------

locatiOn 
1966 1%7 1%8 1969 1970 1971 1972 1973 1974 

13S 2:;E-21 0 330 7.51 0 0 0 0 0 0 
138.,2;;E-22 797 602 1,059 600 371 1 253 569 574 
lH8.2.oF~24 0 0 0 0 0 0 59 96 71 
13S 25E-:12 lH3 13:3 213 203 105 % 112 209 280 
138. 26E- I 1,.55:; 1.034 507 609 397 491 477 329 529 

13S.261':- 2 0 1.254 660 1,496 972 1.268 1,503 1.516 1,068 
I :lS'26F:-12 1.413 2,315 1,738 788 144 107 140 222 256 
1:1S,2fiE-13 610 206 401 217 133 104 122 130 185 
138.,26,:-14 2,145 686 670 847 175 149 192 S78 64.5 
13S.261-;-20 0 131 107 91 66 14 65 49 52 

13S'Z6E:- 21 0 0 0 0 0 0 0 0 6 
13S, 26E:- 22 1.177 1\08 1.151 750 491 254 510 398 458 
I :18..26 F~ 23 ;)91 326 46.5 3.15 234 228 362 378 403 
138-'26E-24 5:15 340 :199 636 145 178 190 154 265 
13S;~6E-2.5 0 0 0 0 0 0 0 0 669 

13S!26E-26 464 380 333 370 158 47 272 186 212 
13S:27E- 2 2.10:3 1.~17 1.964 2,090 2,090 1.606 1,605 1.229 735 
13S 27E- 3 0 0 0 0 0 0 0 0 1.085 
138.27E- 4 0 0 0 0 0 0 0 '0 282 
138. 27E- S () 0 0 0 0 0 0 0 1.696 

13S,27F~ 6 1.019 556 726 560 417 211 364 452 535 
13S27l-~- 9~R 1.045 815 758 755 469 417 608 5,51 
13S:271-:- 8 525 317 314 253 405 583 728 509 552 
13S'27E- 9 0 0 0 0 0 0 1.789 1,981 1.855 
1:1S.27E-l0 2.420 2.055 2,284 2.235 2,422 2,456 2.078 1,408 573 

13S27E-ll 2.001 1,551 1.814 2.588 2.406 2,029 1,684 1.166 694 
13S,27E-14 4.64.1 3.849 3.RS8 3,421 3,724 3.575 3,102 2,757 3.019 
13S.;!7E-15 0 0 0 0 1.491 1.404 1,326 915 1.091 
13S 271-;-16 2.1R7 1.866 2,102 1,753 1.880 1,843 1.739 1,260 1.797 
13S 27E-17 78 0 0 516 1.220 1.731 1,688 1,199 1,207 

13S'27E:-18 270 173 249 262 102 31 47 41 75 
13S 271-;-19 1,55:l 1.288 900 916 641 438 468 989 J.l91 
13S, 27F:- 20 216 244 244 233 354 687 1.377 1,611 1,781 
13S:27t:- 22 0 0 0 0 0 0 0 1,213 2.850 
1:18. 27 ,:- 23 2.016 1.473 1.526 2.226 2.796 1,613 1.813 1.271 1.525 

13S'27E-26 0 0 0 0 0 9 0 0 12 
13S:nE-2~ 211 209 194 240 230 225 184 192 193 
13S.27E-29 0 0 566 712 387 323 260 331 300 
1:3S'27E-30 1.6.07 1.477 1.610 1.261 991 747 611 659 596 
1 :18. 27F:- 31 832 62:3 1.116 1.174 1.177 951 978 966 1.479 

13S,27£- :12 I.HZ:1 1.627 1.:35:1 1.680 1,349 1.100 1,054 1,029 1.278 
13S. 27 £- 3:1 IM7 B65 492 346 210 362 302 299 369 
1 :lS.27 E- 34 () 0 II:!. 638 277 638 704 924 969 
13S'2HE- 3 2.14:1 2.129 2.084 1.877 1.727 1.643 1.249 1.461 1.305 
13S,281-;- 7 12.'> 121 87 6f> 110 69 92 87 52 

13S'2Hf:-11 0 129 166 345 279 281 386 486 638 
13S,2HE-12 H6:, 921 0 1,33.5 1.163 842 1.002 1.252 1.503 
13S.28E-26 86 110 160 125 146 188 148 18f> 126 
14S27F:- 4 602 430 1,164 1.05M 949 682 82.0 889 1.234 

T 13 S 

42° 15' 
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Almo, and Raft River Valley subbasins in 1966 (Walker and others. 
1970, fig. 14). In April 1976, water levels were measured in the Yo:st­
Almo and Raft River Valley subbasins (un pub. data, U.S. Geological 
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Survey, Boise, Idaho). Mundorff and Sisco (19?3, pl.. 1) .showed water­
level change only for the period 1952-61. Durmg thls hme, the water 
level declined about 10 feet (3 m) near Bridge and about 15 feet (4.6 m) 
in an area midway between Bridge and Malta. 

Walker and others (1970, fig. 14) extended the area in which water­
level measurements were made and showed the shape and slope of the 
water table in the Yost-Almo and Elba subbasins for the first time. 
They reported (p. 60) that the slope of the water table was about 25 
Wmi (4.7 m/km) near Bridge and about 17 fUmi (3.2 m/km) north of 
Malta, a probable slight increase in gradient since 1952. The change 
in water level from 1952 to the spring of 1966 (Walker and others, 
1970, fig. 20), as summarized here in figure 5, shows that water levels 
generally continued to decline in the same areas as during the period 
1952-61 except for the area east of Malta where new development 
seems to have occurred. Maximum declines are somewhat more than 
20 feet (6 m). Available data suggest that water-level decline in the 
Raft River Valley subbasin continues for the most part in the rela­
tively narrow belt of lowland along the Raft River. 

Water-level measurements made in the spring ofl976 (unpub. data, 
U.S. Geological Survey, Boise, Idaho) indicate that the slope of the 
water surface is still 30 to 40 ft/mi (5.6 to 7.6 m/km) south of Bridge 
but that between Bridge and Malta it has increased to about 20 fUmi 
(3.8 m/km). The pattern of water-level decline for the period 1952-76 
has changed slightly as compared with that for 1952-66. The area 
south of Bridge over which 20 feet (6 m) or more of decline has oc­
curred is somewhat smaller than in 1966, suggesting a small recovery 
of water level in this area, probably the result of a decrease in: pump­
age. Water-level decline in the lowland areas along Raft River be­
tween Bridge and Malta is significantly less for the period 1952-76 
(Fig. 6) than for 1952-66 (Fig. 6). Water levels in the area east of 
Malta continued to decline to a maximum of nearly 40 feet (12 m). 
Annual water-level fluctuations have been discussed extensively by 
N ace and others (1961, p. 63-73) and by Walker and others (1970, p. 
64-68). 

Enough water-level measurements were obtained by Walker and 
others (1970, fig. 14) to enable them to construct a map of the water 
table in the Yost-Almo and Elba subbasins for the first time. 
Ground-water development in both subbasins through 1965 was not 
large. Irrigation pumpage in the Yost-Almo subbasin was estimated 
to be about 3,900 acre-ft (4.8 hm3 ) in 1965. Only about 480 acre-ft 
(0.59 hm 3

) was pumped in 1965 for irrigation in the Elba subbasin. 
The water-level surface for spring, 1966, as shown by Walker and 
others (1970, fig. 14) probably approximates the predevelopment sur­
face in these subbasins. The water level in the Yost-Almo subbasin 
was measured again in the spring of1976. The net water-level change 
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over the lO-year period has been slight; at some locations there ha5 
been a decline of 10 feet (3 m) or less, and at others there has been a 
rise of 10 feet (3 m) or less. 
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PUMPAGE-QUANTITY AND TREND WITH TIME 

Annual ground-water pumpage for irrigation in the southern Raft 
River Valley subbasin increased from an estimated 7,000 acre-ft (8.6 

GEOHYDROLOGY OF THE SHALLOW GROUND·\\:-\TER SYSTDI 

{ur 1952 through 1965-Continued 
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Location 

14Si27E- 5 
14Si27E- 6 

14Si27E- 7 
14Si27E- 8 . ____ ." ____ " 
14Si27F~ 9 __ . __ . __ "" 
14Si27E-16 
14S/27E-17 

14S127F~ 18 
14Si27E-19 
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14Si27E-28 
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621 
3,719 

6R7 
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6:363 
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1.548 

1,133 
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o 
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o 
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o 
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o 
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o 
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o 
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o 
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1,27J 
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o 
561 

13 
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o 
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5,005 
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o 
o 
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8 
o 
o 
o 
o 

o 
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o 
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o 
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o 
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354 
115 
23,; 
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17 
u 

~1:J 
o 
o 
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873 
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o 
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9 
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o 
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o 
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2,951 
2,1,3 

o 
1,551 
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[1 
l) 
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89 
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19S 
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8.5 
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~2 
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o 
1.;.,':4 
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3,038 
5,903 

%>' 
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o 
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35 
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evapotranspiration represents an increase of only about 4 percent 
over previous estimates (Nace and others, 1961, table 5; Walker and 
others, 1970, p. 75) for the entire basin. 

SIMULATION OF THE SHALWW GROUND-WATER SYSTEM 

Detailed discussions of simulation model theory and the theoretical 
basis of model development have been given by Pinder and Bre­
dehoeft (1968) and Trescott and others (1976). The method involves 
solving finite-difference approximations of the partial differential 
equation of two-dimensional ground-water flow (Trescott and others, 
1976). This technique represents the aquifer as a two-dimensional 
grid or network of rectangular elements; at the center of each element 
is a node where aquifer data are given. The grid for the southern Raft 
River subbasin model was designed to be coincident with the town­
ship, range, and section grid, and each element covers 1 mi2 (2.6 km2). 

Any model is, at best, an approximation of the real hydrologic sys­
tem. All the complexities of the actual system cannot be included. 
Simplifying assumptions are required to make the problem manage­
able. The present analysis is based on the following assumptions: 

L All flow in the aquifer is unconfined and two-dimensional with 
no vertical component of flow. Flow across the boundaries is 
perpendicular to the boundary. 

2. The aquifer is homogeneous within a given element of the 
finite-difference grid. 

3. The Raft River is not a significant hydrologic boundary .. 
4. 1952 water levels represent steady-state water levels. 
5. Water levels along the margins of the basin are maintained by 

recharge from the immediately adjacent mountain ranges. 
6. Previous estimates of the magnitude and distribution of avail­

able recharge are reasonable. 
7. The pumping rate, as averaged over the period of calibration, 

adequately represents the stress on the aquifer; net pumpage 
is 60 percent of the total withdrawal and irrigation return 
flow equals 40 percent of the withdrawal. This is based on the 
suggestion by Walker and others (1970) that about 60 percent 
of irrigation pumpage is consumed. 

DISCUSSION OF ASSUMPTIONS MADE IN THE MODEL 

BOlJ:"[)ARY CONDITIO:"S 

The locations of the model boundaries are shown in figure 2. All 
boundaries were arbitrarily located because their nature is unknown, 
but they generally coincide with the aquifer limits suggested by 

\ 

SIMULATION OF THE SHALLOW GROUND-WATER SYSTDI 

Walker and others (1970). It has been assumed that water-table roI:C.li­

tions extend up to and beyond the boundaries shov.l1, eSp€{:ially those 
on the east, south, and west. The northern border is represer.:e-d TIl 

the model as a discharge boundary; all others are represen:eci ,ill 

recharge boundaries. These representations are based on the c-onfilf­
uration of the 1952 water table. 

11'ITIAL CONDITIONS 

INITIAL HEAD 

The water-level data given by Nace and others (1961, plate 5· 'ilier-~ 
used as the basis for estimated initial head conditions in the lowlanc 
part of the southern Raft River Valley subbasin before develop:nenr::. 
These data were supplemented by extrapolating water-level daCE. 
from measurements in 1965 and 1976 back to 1952 and by estirr...atin1f 
water-level values beyond the valley bottom so that the enti~ 
modeled area was covered (fig. 4). Only in this way could the b(Yclnc.a­
ries be moved far enough away from the areas of major pumping ami 
anticipated future development so as to be unaffected by heat: 
changes caused by current and future simulated pumpage. The heat!: 
condition shown in figure 4 is assumed to represent steady-state COE­

ditions because it is in general agreement with scattered mea­
surements made intermittently since 1928. 

STEADY-STATE FLL~XES 

The estimated volume and distribution of predevelopment re­
charge, or water yield (Nace and others, 1961; Walker and orber::. 
1970) available to the ground-water system, in the southern Ra.-:: 
River Valley subbasin have been the principal constraints in ceter­
mining steady-state recharge volumes and distribution in the simula­
tion model. The amount of recharge estimated for the Yost-Almo sub­
basin, Elba subbasin, Raft River Mountains, Jim Sage Mount.ains. 
Black Pine Mountains, and Meadow Creek subbasin is assumed to 
represent the long-term average annual recharge. Implicit in this 
assumption is the further assumption that there is no recharge by 
underflow from adjacent basins. This is believed to be reasonab:e in 
view of the geology of the Raft River Basin. The entire basin is sur­
rounded by either fault-block mountain ranges of Paleozoic rocks or 
by mountain ranges consisting of gneiss-dome complexes of Prec-.am­
brian quartz monzonite mantled by Precambrian and lower Paleozoic 
metasedimentary rocks. Significant interbasin underflow is unlikely 
under these circumstances. 

The distribution of flux crossing the eastern boundary of the model 
is assumed to be determined by the general distribution of estimated 
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recharge available as underflow from the Meadow Creek subarea and 
the Black Pine Mountains; the total volume of flux cannot exceed the 
estimated total recharge available from these two areas. Initial fluxes 
crossing the southern boundary of the model are assumed to be equal 
to or less than the volume estimated to be available as underflow from 
the Raft River Mountains subarea. Along the western boundary, from 
about 1.5 miles (2.4 km) south of Cassia Creek to about 0.5 mile (0.8 
km) north of the Raft River at The Narrows, the boundary flux is 
assumed to be supplied by infiltration and deep percolation on the 
eastern slope of the Jim Sage Mountains. The small segment of the 
boundary north of the Jim Sage Mountains is assumed to receive 
some recharge by shallow underflow through the valley of Cassia 
Creek from the Elba subbasin. South of the Jim Sage Mountains the 
boundary flux is assumed to come from the Yost-Almo subbasin, 
partly by shallow underflow through The Narrows, and partly by 
underflow along the entire length of the boundary south of The Nar­
rows. The flux across the northern boundary of the modeled area is 
ground-water outflow from the southern Raft River Valley subbasin; 
volume estimates have not been made previously for this location. All 
boundary fluxes in the model are assumed to represent the "horizon­
tal" movement of water in the aquifer across the vertical plane of the 
arbitrary boundaries_ 

Additional steady-state recharge and discharge fluxes occur 
throughout the area encompassed by the model boundaries. The dis­
tribution, magnitude, and character of these fluxes are determined by 
the transmissivity and relative head distribution in the modeled 
area. The ultimate constraint on the total magnitude of recharge is 
the estimated recharge still available from intrabasin sources, in 
other words, the amount of estimated total available recharge that 
has not been committed to satisfy initial head conditions on the 
boundaries. Steady-state fluxes needed to maintain steady-state head 
distribution over the modeled area within the limits of the boundaries 
represent the net vertical movement of water into or out of the 
aquifer. The total net discharge, including discharge along the north 
boundary, must equal the net recharge including all recharge along 
the boundaries on the east, south, and west. 

MODEL DEVELOPMENT AND CALIBRATION 

Model development and calibration were carried out in two stages. 
The first stage was the simulation and preliminary calibration of 
steady-state conditions in the shallow aquifer. This stage was used to 
test the conceptual model of the system and to evaluate the hydro­
dynamics of the aquifer under steady-state conditions. Calibration of 
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~upplied. by inflow across lateral boundaries and by water from "de-ep·· 
infiltratIOn originating high in the Raft River Mountains. Both forms 
of recharge are believed to occur at relatively shallow depths in this 
area because close correlation has been observed between high anc 
low streamftows in Clear Creek, near Naf, and high and low ground­
water levels, respectively, in an observation well near Naf. The rela­
tionship between stream discharge and ground-water level was 
pointed out by ~ ace and others (1961, p. 66, fig. 17) and by Walker and 
others (1970, p. 66, fig.16). The available data and calculated values 
are consistent with the interpretation that recharge to the nonh­
sloping pediment from the Raft River Mountains is mostly by shallow 
underflow and that the water is almost entirely consumed through 
evapotranspiration by phreatophytes growing on the pediment sur­
face. Little of the recharge from the Raft River Mountains subarea 
reaches the unconfined ground-water system north of the pediment. 

TRA:\S\IISSIVITY 

The transmissivity distribution used in the final version of the 
steady-state model is shown in figure 8. Values computed by the model 
range from less than 1,000 ft2/d (90 m 2/d) to about 7,000 ft2jd (650 
m 2/d). These values are about one order of magnitude smaller than 
those computed from aquifer-test data by Nace and others (1961) and 
by Morrilla and Ralston (1976). They are consistent with values of 
transmissivity estimated from specific-capacity data during this 
study. Larger values of transmissivity were used during the early 
stages of steady-state model development. These initial values ranged 
from about 2,500 ft2/d (230 m 2id) to 17,400 ft 2/d (1,620 m 2/d) but re­
qui~ed .a recharge rate of about 117,000 acre-ft/yr (144 hm3 /yr) to 
mamtam the 1952 head distribution. This rate is about 125 percent of 
the maximum estimated available recharge. Downward revision of 
transmissivity by 30 percent lowered the recharge demand to about 
94,000 acre-ftlyr (116 hm3/yr), only 1 percent larger than the 
maximum estimated. Additional analysis during calibration of the 
nonsteady-state model indicated that transmissivity values were still 
~oo large because the cones of depression caused by simulated pump­
mg were much too flat, or widespread, as compared with field data. 
Transmissivity was then reduced by another 35 percent, through trial 
and error, so that observed decline gradients could be reproduced. 

Transmissivity distribution was determined early in the develop­
ment of the steady-state model on the basis of the availability of, and 
demand for, recharge. This distribution remained unchanged during 
subsequent reduction of transmissivity. 
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FIGURE 8.-Transmissivity, in ft2/d, of the unconfined aquifer in 1952. 

CREDIBILITY OF RESLJlTS 

The general validity of the computed transmissivity and recharge­
discharge values is demonstrated by the mutually limiting con­
straints imposed on the problem. Water levels measured by Nace and 
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others (1961) in the central part of the valley in 1952 were cO:lside:-e<l 
unalterable and were assumed to represent long-term average 
steady-suite conditions. Estimated water levels along the valJey rr:ar­
gins were modified slightly on the basis of measurements made in 
1965 (Walker and others, 19(0) and data collected in 1975 a:-:.d 19:-6. 
Once determined, water level was a rigid constraint on further 
analysis. 

Given the 1952 head distribution, the problem of steady-state 
analysis is reduced to determining mutually dependent values of flux 
and transmissivity. Furthermore, given limiting values and an ap­
proximate distribution of flux, the problem becomes almost tri\ial 
because under steady-state conditions, there is no change in storage 
in the aquifer and the transmissivity multiplied by the hydraulic 
gradient minus flux must equal zero. It follows that if recharge­
discharge rates and distribution computed by the model are reasona­
ble, then transmissivity values used with those fluxes to maintain the 
given hydraulic heads and gradients must also be reasonable. 

Estimates of available recharge, determined during two previous 
studies (Nace and others, 1961; Walker and others, 19-;-0), were used as 
the limiting minimum and maximum constraints for steadY-S1.ate re­
charge in the simulation analysis. If the limiting estimates of t.otal 
available recharge are acceptable, then the computed value, which is 
within the limits of the two extremes, must be considered rea.."-Onable. 
The distribution and magnitude of available recharge along the 
model boundaries appear credible on the basis of earlier est:imates 
(table 4 and fig. 7). The greatest discrepancy between estima:.ed and 
model-computed boundary inflow is at The Narrows. Recent test drill­
ing in The N arrows has suggested that the cross-sectional area of the 
channel fill in The Narrows is as small as 80,000 ftl! 17,000 m:! I-one­
sixth of the previously estimated 500,000 ft2 (50,000 m2). Csing the 
reduced cross-sectional area, a gradient of 40 ftJmi l-;-.6 m!km " and a 
rather large hydraulic conductivity of 133 ft-d (40 mid), only about 
680 acre-ftfyr (0.84 hm3/yrl is estimated to move through The !\ar­
rows as underflow. The computed boundary flux is about 400 acre-ft yr 
(0.5 hm3/yrl, close to the revised estimated flux based on field data. 

The present interpretation of recharge distribution within t~e 
boundaries of the model differs substantially from those of previous 
investigators, who assumed that major recharge to the southern Raft 
River Valley subbasin is by shallow underflow through The Karrow:;_ 
The present conceptual model of hydrodynamics in the subbasin as­
sumes that the principal recharge is by upward leakage from deeper 
confined aquifers. This concept has been used successfully in mathe­
matically modeling the system as described in the following sections. 
On the basis of what is now known of the system, the distribution of 
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recharge and discharge developed during the present study is be­
lieved to be logical, reasonable, and hydrologically sound. 

:-J():,\:STEADYSIATE A;-':ALYSIS 

Nonsteady-state, or transient, calibration was carried out to refine 
initial estimates of transmissivity, recharge-discharge rates, specific 
yield, net pumping rates, and evapotranspiration capture until the 
simulation model reproduced observed historic water-level changes 
(fig. 5) as given by Walker and others (1970, fig. 20). The period 
1952-65 was selected as the initial calibration period because it is the 
only one for which all the necessary data are available. 

The initial transmissivity and flux distribution selected are the 
same as those computed earlier by the preliminary steady-state 
model; initial water levels for the transient model are the 1952 heads. 
The distribution of specific yield (fig. 9) is the same as that estimated 
by Walker and others (1970, fig. 19). Pumping rates for each township 
in the modeled area have been given by Walker and others (1970, 
table 11) for 1948 to 1966; pumpage for each section within a township 
was determined proportionally from the electrical power used for 
pumping in the section and the total estimated pumpage in the town­
ship as given by Walker and others (1970). A net pumping rate equal 
to 60 percent of the 14-year average pumping rate was used to simu­
late the average stress on the aquifer from 1952 through 1965. At the 
beginning of the calibration process, no capture of evapotranspiration 
was assumed; this parameter was added later. Observed water-level 
decline over the period 1952-1965 was reproduced by trial-and-error 
changes in all the above parameters except the initial head. 

11\;ITH.L RESULTS AND PARAMETER MODIFICATION 

The preliminary versions of the transient model,using the initial 
high estimated transmissivity values ranging from 1,700 ft2/d (160 
m2/d) to 12,000 fFd (1,100 m2/d), computed declines of 10 to 15 feet (3 to 
4 m) over the entire modeled area; there was little definition of any of 
the observed pumping depressions. Changes made in specific yield, 
average pumping rates, and captured discharge did not improve the 
solution. The only way to reduce declines outside pumping areas and 
to steepen the observed decline gradient was to reduce the magnitude 
of tramsmissivity. There was a corresponding reduction in pre­
development recharge-discharge rates. The best solution (fig. 10) was 
obtained after reducing the preliminary transmissivity estimates by 
about 35 percent. The resulting distribution is that shown in figure 8. 
The final inferred natural recharge-discharge distribution is that 
shown in figure 7. Average pumping rates were revised somewhat 

SI~1ULATIO~ OF THE SHALLOW GROC:\'D-WATER SYSTE~,~ 

this model consisted of determining, within given constraincs and by 
trail and error, reasonable values of transmissivities and recharge­
discharge fluxes. The second stage of development and calibrat~on 
analyzed the response of the simulated aquifer to historic ?um?mg 
stress for the period 1952-65 with the objective of reproducing- ob­
served historic water-level changes during the same time pe:iod_ 
Calibration was carried out by making changes or adjustments 
(mostly small) in transmissivity, recharge-discharge fiuxe5_ sp€"Cific 
yield, and average pumping rates for 1952-65. 

STEADY-STATE Ar\ALYSIS 

Steady-state analysis was done to determine re3.-'Onable valuE:5 of 
transmissivity and boundary fluxes and to determine the location and 
volume of recharge and discharge within the model bounda.ries. 
Water levels in 1952 (fig. 4) were assumed to represent long-term 
average steady-state conditions. Total available long-term ave~ge 
net recharge was assumed to be somewhere between the oinirr:um 
and maximum estimates of Walker and others (1970) and ~ace and 
others (1961). Their estimates range from about 46.000 acre--ftJyr (57 
hm3/yr) to about 100,000 acre-ft/yr (123 hm3/yr). Table 4 ShOW5 the 
general areal distribution of these estimates. Limited by the con­
straints of fixed water levels and a range for total recharge. the 
steady-state analysis was used to determine a plausible dis":ribution 
of recharge and discharge fluxes inside the model boundaries and a 
compatible distribution and magnitude of transmissivity. 

TABLE 4.-Estinw.ted m=imum and minimum water amilable fo,- ground-u·c.:<>r T'('(.:".arge 

- -. - - ---~------ -~ -

Area 
Estimated ground--·3.tn re-charge .!Il 

acre-fe<e~ )'ear 1 

N-ace and others 

Elba subbasin _____________________ _ 
Yost-Almo subbasin _______________ _ 
Southern Raft River Valley subbasin 

Jim Sage Mountains __ . ________ _ 
Black Pine Mountains _________ _ 
Raft River Mountains _________ _ 

Meadow Creek subbasin ___________ _ 
Total _______________________ . 

INace and others, 1961, p. 31, 47, and 49. 
2Walker and others, 1970, p. 61. 
3Nace and others. 1961, p. 31, 47-48. 
'Walker and others, 1970, p. 55. 
'Estimated for this study. 

11900 
360:000 

'30,000(?) 

88,200 
100,100 

"Estimated for this study from Walker and others. 1970, figure 13. 
7Walker and others, 1970, p. 46 and 505. 
sNace and others, 1961, p. 31. 
"Walker and others, 1970, p. 46. 

"SC>O 
416.:;.00 
20.:"'()0 
65 .. :·(>0 
66.':\>0 
'9.':'(>0 
"7. - COO 
46. : coo 
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RECHARC[ A:\\) DISCHARCr: 

The long-term average steady-state net flux distribution computed 
by simulation modeling is shown in figure 7. These values were com­
puted empirically as a function of1952 head and transmissivity in the 
unconfined aquifer. The total net computed recharge is 63,300 acre­
ftlyr (78.1 hm3 jyr). This is about 37 percent larger than the minimum 
estimate of net recharge made by Walker and others (1970) and 36 
percent smaller than the maximum estimated net recharge of Nace 
and others (1961). Recharge along those boundaries of the model cor­
responding to areas bordered by mountain ranges is assumed to be 
derived from shallow underflow from ground-water sources in the 
mountains. The magnitude and distribution of recharge along these 
(the mountainous) parts of the model boundaries compare favorably 
with estimated available recharge from the respective areas. Re­
charge along about 6 miles (10 km) of the northeast border of the 
model is assumed to be underflow from the Meadow Creek subbasin. 
Small amounts of recharge cross the boundary as shallow underflow 
from the Elba subbasin and the Yost-Almo subbasin. Table 5 gives the 
source and magnitude of boundary recharge determined by steady­
state simulation analysis. These data can be compared with estimates 
given in table 4. 

Computed areal recharge fluxes within the boundaries of the model 
(fig. 7) are assumed to represent vertical leakage upward through 
low-permeability confining beds underlying the shallow aquifer, al­
though the confining beds and underlying source are not simulated 
explicitly in the model. The immediate source of recharge is believed 
to be deeper confined aquifers. The ultimate source of recharge to the 
confined aquifers is probably deep infiltration in the Yost-Almo sub­
basin, with lateral flow beneath the Jim Sage Mountains, but part of 
it may be from deep infiltration of water in the surrounding mountain 
ranges. 

TABLE 5.-Steady-state boundary recharge rates computed by simulation model 

Source area 

North of Cassia Creek ____________________ _ 
Elba subbasin: 

Cassia Creek Valley 
Yost-Almo subbasin: 

The Narrows _______________________ _ 
South of The Narrows 

Raft River Valley subbasin: 
Jim Sage Mountains _________________ _ 
Raft River Mountains ______________ _ 
Black Pine Mountains _______________ _ 

Meadow Creek subbasin ________ _ 

Acre-fet't 
per year 

2,000 

1,330 

400 
1,050 

5,050 
4.950 
3,600 
2,020 

Rate 
Cubic hectometers 

per year 

2.47 

1.64 

.49 
1.30 

6.23 
6.11 
4.44 
2.49 

SIMUL-\TION OF THE SHALLOW GROUNDWATER SYSTE).! 
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FIGURE 7.-Distribution of long-term average steady-state recharge and di5charge. in 
acre-feeUyear, based on 1952 water level ... 
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The maximum estimated net "vertical" recharge rate used in the 
simulation model is about 6.7 x 10/- 3 ftld (2.0 x 10-3 mid). Data col­
lected during test drilling in 1974 and 1975 in an area about 5 miles (8 
km) northeast of The Narrows suggest that a confining layer about 
600 feet (180 m) thick underlies the shallow aquifer. The head in the 
aquifer beneath the confining layer may be as much as 50 feet (15 m) 
higher than the head in the overlying unconfined aquifer. The 
maximum computed vertical flux rate could be realized under these 
conditions of confining-layer thickness and head difference with an 
average vertical hydraulic conductivity of the confining bed of about 
8.0 x 10-2 ftld (2.4 x 1O-2 rn1d). This value compares favorably with 
hydraulic-conductivity values ranging from 5.3 x 10-6 ftld (1.6 x 10-6 

mid) to 8.5 x 10- 2 ftld (2.6 x 10-2 mid) determined in the laboratory for 
rock types similar to the siltstone, sandstone, and conglomerate that 
form the confining bed (Aerojet Nuclear Co., 1976, written commun). 
The core samples used for laboratory analysis were obtained from 
various depths in one of the geothermal production wells. 

Calculated areal discharge of ground water is confined largely to 
the valley bottom (fig. 7), except in the southern part of the basin 
where the presence of phreatophytes shows that the entire pediment 
surface extending northward from the Raft River Mountains is also a 
discharge area. The discharge rates computed by the model range 
from 3.8 inlyr (97 mrnlyr) to 24 inlyr (610 mrnlyr). The maximum 
computed discharge rate occurs along a 6-mi (10-km) reach of the Raft 
River immediately upstream from Malta. Nace and others (1961, 
p. 52) indicated this was gaining reach of the stream. Streamflow 
measurements made at 11 sites along the river between the Narrows 
and Malta in 1949 and 1950 indicated a net increase in discharge, 
most of which occurred along the 8- to lO-mile (13- to 16-km) reach 
above (south of) the junction with Cassia Creek (Nace and others, 
1961, p. 52). The data are for such a short period of time and are so 
variable that conclusions about long-term average changes in 
streamflow are tenuous. Nevertheless, an increase in streamflow 
from ground-water sources of only 5 ft3/sec (0.14 m 3/s), which is within 
the limits of short-term observations made by N ace and others (1961), 
reduces ground-water discharge through other means to 13.2 inlyr 
(335 mrnlyr) in this part of the valley. Empirically computed dis­
charge rates for other areas of the valley bottom range from 8.4 inlyr 
(213 mrnlyr) to 14.4 inlyr (366 mrnlyr). All these rates are within the 
expected evapotranspiration rates for the phreatophytes growing in 
the area. 

Discharge from the pediment extending northward from the Raft 
River Mountains in the southern end of the basin is believed to be 

42' 15' 

SI:-1CLATION OF THE SH.-\LLOW GROUNDWATER SYSTE.\! 
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FIGL'RE g.-Specific yield of the unconfined aquifer. 

."".-. .J.:. 

from the preliminary estimates. The original and final average rat€:o 
used in the model are given in table 6. 

The distribution of specific yield was changed uniformly and 
equally over the area by a factor ranging from 0.8 to 1.3 times the 
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FIGURE lO.--Computed water-level change in the unconfined aquifer, 1952--65. 

original distribution shown in figure 9. The original values give the 
best solution, and the calibrated model used the original estimates of 
specific yield (fig. 9). 

SIMULATION OF THE SH,-\LLo\V GROUNDWATER SYSTE:'I 

TARLE 6.--A1'crage cnlllla/ pumping rates for 1952 throu{{h 196.5 as used in :.~e cc;;brcte<r 
simu/at,,)n model ba.sed on pre1'iously published estlrrwtes 

To, •• nship. Section 
Range 

13S26E 

Sum 

13S27E 

I 
12 
13 
14 
20 
22 
23 
24 
26 

9 ... _._. ___ . 
10 
11 
14 
15 
16 
I, 
18 
19 
20 
23 
29 
30 
31 
32 
33 

From e-stimates by 
Walker and others 

119701 

per 
x~ar 

210 
137 
970 

SO 

52R 
260 

65 
123 

2.350 

1.600 
789 
673 
152 
507 
702 

1.404 
o 

1.0R6 
80 

311 
253 
340 
297 
355 

1.231 
369 

1.614 
579 

Cubic 
hectometers 

per year 

0.259 
.169 

1.196 
062 

.009 

.651 

.321 

.080 

.1.52 

2.899 

1.974 
.973 
.830 
.187 
.625 
866 

1830 
0 

1340 
099 

.383 

.312 
419 

.366 

.438 
1518 

455 
1991 

714 

Sum _._ 12,420 15.32 

14S27E 4 1.955 2.411 
5 369 .455 
6 1.202 1483 

1312 
2.331 

1.064 
8 1.890 
9 3.178 3.920 

16 615 .759 
17 724 893 
18 514 634 

2.197 
.009 

20 1,781 
28 7 
29 782 .965 
30 233 .287 
32 565 .697 
33 188 .232 

Sum 15.070 18.59 
--

15S.26E 13 58 0.072 
23 72 .089 
24 1.933 2.383 
26 36 .044 
2, 456 562 
32 .009 

Sum 2.562 3.159 

15S27E 6 992 L22.1 
7 261 .322 
8 977 1.205 

18 1.745 2.152 
19 543 670 
20 333 .411 
29 232 .286 

Sum 5.083 6269 

Total. ___ ........ ___ . ___ ._ 37,480 46.21 

"Value changed. from pub!~hed estimatt'. 

t:O<d In model 

Acre-feet Cub.., 
per hecto~~rs 

_xe~! _____ _ per y~~ ________ .. __ 
210 o 2.5~ 
13~ .169 
970 1.1% 
50 ,062 

7 .QO;i 
·695 857 3" 
'471 .5B: ,1 

65 .(81) 

123 .1.52 

2.728 3.36.'5 16 
--- ----

1.600 19~~ 
~89 9~.j 

673 "'30 
152 .l~:-
507 .620'5 
701 .8Ii<i 

'760 9.37 -~9 

"72~ .~9;) 

1.088 1340 
80 .099 

311 .38~ 
25.3 .312 
3~O .419 
297 .3&3 
3.55 .4.'36 

'869 1.072 -29 
369 .45:) 

*1,882 2.321 17 
579 7l-tr 

12.330 15.21 -0.:-

'1.086 1.340 -44 
369 .455 

'R33 lOT. -31 
615 759 -~~ 

'1.013 12.'><) -46 
2.S34 3.126 -:20 

615 .759 
'615 75 -1.) 
514 .634 

'2,06.1 2.54) 10 
7 0 .... 9 

782 .96.5 
233 .287 
565 .697 
188 .232 

12.030 14.R4 -20 

58 0.0~2 
72 .089 

·977 1.20.5 -49 
36 .OH 

456 .562 
.009 

1.606 191'1 - 37 
--

'434 0.535 -56 
261 321 

9,-; l.20.5 
"1.889 2.339 d 
'1,339 L651 147 

333 .Hl 
232 .2~6 

5,465 6,39 " --- ---
34,200 42.17 -9 
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Ground water is discharged by evapotranspiration over most of the 
valley bottom and by seepage to the Raft River along some reaches of 
that stream. This discharge is included in the transient model as the 
negative component of predevelopment flux (fig. 7) computed during 
steady-state analysis. The areas of discharge generally coincide with 
areas of shallow water table (2 to 15 ft below land surface, or 0.6 to 4.6 
m) and high density of phreatophyte growth. As the ground-water 
level is lowered by pumping, discharge to the river is reduced and it 
may even cease if the decline is large enough. More significantly, 
evapotranspiration losses decrease as the water level declines be­
neath areas of phreatic vegetation. Provision is made in the transient 
model for the capture of natural discharge as a function of computed 
water-level decline and depth to the water table. Where no decline is 
computed, it is assumed there is no change in discharge, and no cap­
ture occurs. 

A water-table depth of 30 feet (9 m) was selected as that at which 
maximum capture is realized. The principal phreatophytes in the 
valley are greasewood, whose roots may extend more than 30 feet (9 
m) below land surface, and rabbitbrush, whose root depth is as deep 
as 20 feet (6 m) (Robinson, 1958). In the model, discharge is captured 
as the ground-water level declines. The rate of capture increases in 
linear fashion as the water level approaches 30 feet (9 m); at that 
level the maximum rate of capture is reached, and this rate remains 
constant thereafter. The maximum rate of capture, estimated to be 
about 400 (acre-ft/yr)/mi2 (1.3 hm3/yrlkm2), was determined by trial 
and error; it is well within the limits of evapotranspiration expected 
for the types of phreatophytes growing in the valley bottom lands. 

CALIBRATED SOLl'TIO:\, IY5~-fi5 

The calibrated solution for the period 1952-65 is shown in figure 10. 
It compares reasonably well with the observed decline shown in 
figure 5. Some pumping depressions are shifted slightly from their 
observed positions because all simulated pumping in the model must 
be assigned to a node of the finite-difference grid located at the center 
of the grid element, and the nodes commonly do not correspond to the 
locations of wells. 

Simulated net pumpage over the 14-year calibration period is 
301,000 acre-ft (371 hm 3 ), 60 percent of the total discharge of 502,000 
acre-ft (619 hm3). This is 88 percent of the 573,000 acre-ft (707 hm3

) 

total pumpage estimated by Walker and others (1970) from power­
consumption data. The average net pumping rate in the model for 
1952-65 is 21,500 acre-ft/yr (26.5 hm3/yr). 

SIMGL\TlON Of THE SHALLOW GROUNDWATER SYSTDI 

The computed volume of water removed from storage in the aqulil£T 
from 1952 through 1965 is 176,000 acre-ft (217 hm3), representing .uD. 

average rate of withdrawal from storage of 12,500 acre-ftlyr i 1':.4 
hm3/yr). This is 58 percent of the volume pumped. The remainingf.1 
percent of the ground water pumped, or 126,000 acre-ft (155 hm3 ), W'lL" 

supplied by captured evapotranspiration, The average annual rate Df 
captured natural discharge equals 8,970 acre-ftJyr (11.1 hmJ/yr). 

PREDICTED EFFECTS OF INCREASED PCMPING OF GROU~D WATER 

The main purpose for which the simulation model was constructed 
and calibrated was to analyze the regional hydrodynamics of the Ulli- I 

confined aquifer in the southern Raft River Valley. The model also C:E} 

be used to predict water-level changes caused by artificial recharge IJT 

by changes in pumping. These predictions can be made only on a 
regional or semi regional scale because node spacing is 1 mile (1.6 k....li: I 

and grid elements cover 1 mi2 (2.6 km2). The scale of the model is nml 

appropriate for making detailed predictions of water-level change ~n 
areas of only 1-3 mi2 (2.6 to 8 km2); these predictions require a larg'-=.!r 
scale model with node spacing of one-half mile (0.8 km) or le5s. 

Recognizing the limitations of the existing model, water-Ie'lr-eJ 
change predictions can be made on a semiregional scale cover:.::tg 
areas of 10 to 30 mi2 (26 to 78 km2). Predictions on this scale will g:.~Are 
some indication of the general response of the aquifer to increa..."€d 
pumping or artificial recharge. 

Two cases have been selected to demonstrate the use III 
simulation-modeling techniques for pred.icting the effects of conc~­
rent pumping and artificial recharge of the unconfined aquifer. It is 
assumed, for purposes of these predictions, that all increased pu:m­
page will be used for cooling purposes at the proposed geotherrn;..a] 
powerplant; there is no increase in the rate of pumping for irrigatiom. 
The rate of pumping of the cooling water selected. for the prediction;; 
is the minimum proposed one of 32,300 acre-ftJyr (39,8 hm3/~T). Fnr 
prediction case number one, 50 percent of the pumped water is artiIf:-. 
cially recharged to the unconfined aquifer, and the rest is consumg-­
tively used. For case number two, all pumpage is recharged. 

The simulation method requires that only the net recharge or L~ 
charge rate be used to represent the flux at any given node in t.htP 
model. If recharge equals discharge at a node, then the net flux i5 
zero, implying that there would be no change in water level throug~­
out the area represented. by the node. This implication represents ::un 
inadequate and unreasonable interpretation of the actual effects ':If 
pumping and recharge, even on a local scale. 

Pumping and artificial recharge in a water-table aquifer leads ~D 
problems of nonlinear cause-and-effect relationships. A cone of depr<:-
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ssion forms around each discharging well, reducing the saturated 
thickness of the aquifer and thereby diminishing its transmissivity. A 
recharge mound is likely to develop around each recharge well, 
thereby increasing the saturated thickness and transmissivity of the 
aquifer. The increase in transmissivity around recharge sites may be 
more theoretical than real, however, because of the possibility of dete­
rioration of the hydraulic properties of the aquifer as a result of chem­
ical reaction between the native and injected waters. 

The rise and decline of water levels may also bring about noncom­
pensating changes in natural recharge-discharge relationships. 
Water-level decline may reduce evapotranspiration loss, and thus it 
may reduce discharge to surface streams or induce infiltration of 
water from streams. Rising water levels may increase evapotranspi­
ration and increase discharge to surface streams. These effects of 
pumping and artificial recharge do not necessarily balance, and there 
may thus be a net gain or loss of ground water in storage. 

In the following discussion, only the changes caused by pumping 
and recharging for 10 years are considered. The effects of agricultural 
pumping during the same lO-year period have been removed. Re­
charge and discharge sites are the same in both predictions (fig. 11). 
Discharge rates are the same at each site (2,000 gpm, 125 Lis) and the 
total rate of 20,000 gpm (1,250 Lis) is the same for each prediction. 
Recharge rates are equal at each site; the rate is 1,000 gpm (65L1s) for 
case one and 2,000 gpm (125 Lis) for case two. Each site represents a 
single well during either recharge or discharge. Pumping rates are 
near the maximum that might be expected for the area considered. 
The reasonableness of recharge rates is not known. Most recharge 
sites were selected so that they would be downgradient from their 
corresponding discharge sites, in order to minimize increases in 
ground-water temperature in the areas of pumping. Several recharge 
sites are located between pumping sites, however, to reduce the im­
pact of pumping. 

Figure 12 shows the predicted change in water level if only 50 
percent of the water pumped is used to recharge the aquifer. Declines 
of as much as 75 feet (23 m) occure in the area southeast of Bridge. 
Recharge wells north of Bridge stop the cone of depression from ex­
panding in that direction. The water level rises as much as 22 feet (7 
m) west and southwest of Bridge, suggesting that the recharge rate is 
too high for the area. The average annual rate of pumping and artifi­
cial recharge are given in table 7. The average annual rate of cap­
tured natural discharge, principally evapotranspiration, and of water 
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FIGURE 12.-Predicted water-level change after 10 years caused by pumping 3,230 
acre-fLyr from each of 10 sites and recharging 1,615 acre-fUyr at each of 10 other 
sites. 

SIMULATION OF THE SHALLOW GROUND-V;ATER SY:::TEM 

T.~BLE 7.-Sources and average annuall'Olume 0( pumpage and artifici.:;} rechc:-g" 'JT 
cooling water, /xu;ed on computer simulation prediction 

Average annual 'ltolumt' 

Acre-feet 

Pump€<! from unconfined aquifer 32,300 
Recharged to unconfined aquifer 30.360 
Removed from aquifer storage 646 
Capturt'd from natural disoeharge 1.292 

Total ---- - - - ~ -- - - - . - - - 32,300 

100 percent r;,[ annual 
pumpage re.:harged 

Cubic Percentage 

hecto- of total 
meters 

50 percer..t d- annuL 
pumpage ~hargoc 

------------ -- -

Acre-feet Cubic h:.:-~n~ 

---~--- - --------------~-

39.84 100 32.300 39.84 :00 
37.45 94 15.180 18.72 ~7 

.80 2 13.240 16.33 {: 
1.59 4 3.876 4.78 .-

39.84 100 32.300 39.84 l'~() 

removed from storage in the aquifer caused by this pumping-rechar"¥~ 
scheme also are given in table 7. During the lO-year period, 41 perce!?:}1 
of the water pumped for cooling carne from storage in the aquifer, and 
12 percent was obtained from captured natural discharge. 

Figure 13 shows the predicted water-level change after 10 year.3 0; 

artificial recharge at the same total rate as the rate of \vithdrawal :Jf 
cooling water. The net recharge rate is slightly less because of exis:­
ing irrigation pumping at some artificial-recharge sites. Wat.er-Ie7,=,1 
declines of as much as 55 feet (17 m) occur in the area ~uthea.5t of 
Bridge. This is about 20 feet (6 m) less than predicted for the pr~ 
viously described recharge-discharge scheme. Considerably less CE-­
cline is predicted throughout the Bridge area under the 100-perce:n 
recharge condition than for the case of 50-percent recharge. Wa:~­
level rises of as much as 70 feet (21 m) occur in the area west a::l::! 
southwest of Bridge. This rise is excessive but is not enough t.o ca::se 
water-logging during the lO-year test period. Continuation of t~s 
trend for a much longer period would, however. lead to widesprea:l 
waterlogging conditions west, northwest, and north of Brici~. 
Further detailed analysis of appropriate recharge rates and si:.:::s 
could be undertaken if a particular development scenario were ~­
sumed. Increase in water temperature in the unconfined aquifer ~s 
also a consideration. 

Average annual rates of pumping and of artificial recharge for L~f' 
100-percent recharge scheme are given in table 7. The average a=::­
nual rate of capture of natural discharge and of removal of water froan 
storage in the aquifer also are given in table i. During the lCl-ye~ 
period only 2 percent of the volume of cooling water was obtained 
from aquifer storage, and only 4 percent from captured natural d~ 
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FIGURE 13.-Predicted water-level change after 10 years caused by pumping or re­
charging 3,230 acre-ftJyr at sites shown in figure 11. 

SIMCL\T!ON Of THE SH.-'.LLOW GROUND·WATER SYSTE~! 

charge. Even so, the pumping-recharge regime had a considerable 
impact on the distribution and magnitude of water-level change in. 
the aquifer. 

CO!'CLUSIONS 

Steady-state and transient simulation analyses have been used t(1 

evaluate and modify earlier concepts of the hydrodynamics of the 
unconfined aquifer in the southern Raft River Valley subbasin. On.. 
the basis of these analyses, the average transmissivity for the entir,=" 
aquifer thickness is believed to be considerably lower than that pre-­
viously estimated. The modeling, in conjunction with recently ob­
tained subsurface data. shows that shallow underflow through The­
Narrows is not the principal means of recharge to the aquifer, as had: 
previously been suggested. The model results suggest that only about: 
20,400 acre-ft/yr (25.2 hm3/yr l enters the aquifer as recharge by lat­
eral inflow through the entire outer boundary of the subbasin: thi& 
represents about one-third of the total recharge. The remaining two­
thirds, or about 42,900 acre-ft/YT 52.9hm3/yr), must enter the aquifer 
as vertical leakage from below, a source not considered in earlier 
studies. 

The primary mechanism of ground-water discharge under stead:.t­
state conditions appears to be evapotranspiration by phreatophyte& 
growing on the valley bottom lands and on their bordering pediment:+ .. 
rather than by downvalley underflow. Discharge by evapotranspira­
tion in the southern Raft River Valley subbasin alone is about 51,OOC 
acre-ft/yr (63 hm3/yr), with an additional 3,800 acre-ftlyr (4.7 hm3/::,rr 
lost to surface discharge: Evapotranspiration losses from the entire­
Raft River Valley subbasin may be as much as 100,000 acre-ftl~T (121: 
hm3/yr). Subsurface outflow from the entire basin may be as little <lli-

13,000 acre-ft/~T (16 hm3 /yr). 
The volume of underflow out of the southern Raft River \'alley 

subbasin was not significantly reduced by pumpage between 1952 ami 
1965. Much more significant is the volume of natural discharge sal­
vaged by the capture of evapotranspiration and the reduction or 
ground-water discharge to streams. For the 14-year period of simula­
tion, the model computed a total captured natural discharge or: 
126,000 acre-ftlyr (155 hm3/yr). This amounted to 42 percent of the net. 
volume pumped. The removal of phreatic vegetation from agricul­
tural land might lead to additional reduction in natural discharge_ 
but the net effect would depend on the volume of water pumped for 
irrigation and the introduction of phreatophytic crops such as alfalfa 
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which can develop deep root systems. The environmental effects of 
the removal of natural phreatophytic flora are beyond the scope of 
this report. 

Areas or zones of anomalously high or low recharge, discharge, or 
transmissivity were not required in the model to reproduce 1952 head 
conditions, nor were any special data manipulations required during 
transient modeling to reproduce 1952-65 declines. This, together 
with the absence of any field evidence, strongly suggests that there is 
little or no significant direct interconnection between the shallow 
aquifer and the geothermal reservoir-that is, that there is no line or 
point source or sink connecting the two aquifers. The two aquifers are 
indirectly connected by leakage upward through relatively thick con­
fining layers with low hydraulic conductivity. That limited direct in­
terconnection exists is indicated by the several warm- and hot-water 
wells in the eastern half ofT. 15 S., R. 26 E., and in the vicinity of The 
Narrows. For the most part, however, the occurrence of warm water 
wells in the southern Raft River Valley subbasin is localized and 
probably results from wells penetrating a nearly sealed fracture sys­
tem of limited extent through which hot water is circulating, There is 
little surface expression of this phenomenon. 

Principles and theory of the hydrodynamics of aquifer-confining 
layer interrelationships (Hanshaw and Bredehoeft, 1968; Bredehoeft 
and Pinder, 1970) can be used to demonstrate the long time required 
for head or pressure change in the deep geothermal reservoir, in shal­
lower confined aquifers, or in the shallow unconfined aquifer to be 
transmitted through the thick intervening confining layers after ap­
plication of a new stress. During the time when newly applied stress 
changes are taking place in adjacent confining beds, the stressed 
aquifer is effectively isolated from the effects of pumping in underly­
ing or overlying aquifers, and head or pressure changes within it are 
caused only by the stress (such as pumping) applied to that aquifer 
itself. Over the short to intermediate term, development of the geo­
thermal reservoir would have a negligible effect on vertical recharge 
to, and water levels in, the shallow unconfined aquifer. Using the 
equations of Hanshaw and Bredehoeft (1968) and reasonable esti­
mates of confining layer parameters, it can be calculated that theoret­
ically the effects of development of the geothermal reservoir might 
not be felt in the unconfined aquifer for 100 years or more, At the end 
of this estimated period, the unconfined aquifer would begin to feel 
the effects of initial pressure change, initiated 100 years earlier. 

The effects of increased development of the unconfined aquifer for 
cooling water can be simulated on a regional or gross scale with the 
simulation model described in this report. Detailed analysis showing 
the effects of an individual discharging or recharging well would 
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require a revised model, based on the original one, u.~ing a mL:ch D)re 
refined finite-difference grid and arrangement of node:,. The arL: (Jr' 

simulation would have to be limited to the region WIthin 5 0:- 6 1'·.Je" 
(8 to 10 km) of the probable powerplant site in order to reduCt': the :,ize 
of the problem and of the data requirements to manageable :>[0-

portions. Such detailed analysis is beyond the scope of the pre:'<C'nt 
report. 

The present simulation model was used to demonstrate the 
semiregional cause-and-effect relationship of the pumping anc: re­
charging of powerplant cooling water. The area in which the wells 
were located at 1 mile (1.6 km) intervals covered about :30 mi: -;-.~ 

km 2 ). but water levels were affected over a considerably lar?er 2:-ea. 
The predictions, although based on hypothetical conditions and )::oj­
ections, amply demonstrate the effects of increased ground-wener 
pumping in the extreme southern end of the Raft River \-alley. If c.nly 
50 percent of the pumped water is returned to the aquifer, t~en 
significant net volumes of ground water are remo\'ed from stoL:ge. 
and large water-level declines occur over areas as large as 1.'}.-:20 :ni~ 
(39-5:2 km 2 ). Recharging 100 percent of the cooling water causes l::tle 
change in ground-water storage but still results in significant l,:'..:al 
water-level declines over about 10 mi 2 (:26 km 2 1: large water-level 
rises occur over about 2 mi2 (5 km2 ), 

Further study is needed to evaluate the full impact of i:1Cre::_oed 
development of the unconfined aquifer in the southern Kift R:,;er 
Valley. Consideration should be given to a quantitatiw inve:"tiga:ion 
of aquifer capabilities and ground-water a\-ailability in the Yl':"t-Xmo 
subbasin, because development there will intercept rechar~e to ~he 
Raft River Valley subbasin, Detailed models cowring small areas 
would be needed to determine the impact of pumping and re('har;ing 
in areas of 1 mi2 (2.6 km2 ) or less. Finally, the effect of the re('harE,:e of 
heated cooling water on local and semiregional ground-water tem­
peratures, which was not considered in this study, needs in\,esLza­
tion. The present analysis and simulation model can sen'e as qt:,m­
titative guides in developing and conducting these additional stuc:es 
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