
t t" f *"} ' f~\C~*} } \ /h ( J-^J^) \jv- o ~
y f *** tf~ ^i? ̂ O f c '
' \ "' ». ^^ \

GROUND WATER-SURFACE WATER RELATIONS 

IN THE SILVER CREEK AREA, 

BLAINE COUNTY, IDAHO

7? -

Idaho Department of Water Resources 

Water Information Bulletin No,

279760



GROUND WATER-SURFACE WATER RELATIONS 

IN THE SILVER CREEK AREA, 

BLAINE COUNTY, IDAHO

By 

Joe A. Moreland

Prepared by the U.S. Geological Survey

in cooperation with 

the Idaho Department of Water Resources

Statehouse 

Boise, Idaho



CONTENTS

Page

Conversion factors                               5" 

Abstract                                         k 

Introduction                                    #

The study area                               f"2-

Scope of investigation                        i3

Purpose of report                            1$

Acknowledgments                              'fc

Well-numbering system                         I "7 

Geohydrologic framework                           '9

Geologic units                               /<?

History of valley-fill deposition

Lithology of valley fill

Extent of effective separation of aquifers      A 9

Aquifer transmissivity                        33 

Ground water

Ground-water withdrawals

Ground-water movement

Ground-water fluctuations 

Surface water and its relation to ground water

Separation of flow in Silver Creek

Areal distribution of ground-water discharge     73

Gains and losses in Silver Creek 

Summary and conclusions 

Selected references



ILLUSTRATIONS

Page 

Figure 1. Map of Idaho showing location of the

Silver Creek area                      ^

2. Diagram showing well-numbering system    

3. Map of study area showing approximate 

extent of confining beds, location of 

geohydrologic sections, and estimated 

transmissivity of main aquifer           ">

4. Geohydrologic sections showing generalized 

lithologic units and potentiometric 

surfaces                             

5. Schematics showing geohydrologic data from 

augered test holes                    

6. Map of study area showing potentiometric 

and water-table contours, fall 1975, and 

water-level fluctuations in selected wells-

7. Map of study area showing locations of

data-collection sites                  tr\ f>*>cAce

8. Hydrographs of observation wells           -  S'f " S7

9. Hydrographs of flow in the Big Wood River  

10. Hydrographs of flow in Silver Creek, 

water level in observation well, and 

daily snowmelt and precipitation         



CONTENTS (Cont'd)

Page

11. Graph showing stage-discharge relation 

between depth to water in well 1S-19E- 

3ccb2 and adjusted base flow in Silver

f* v* *~* £5.\r ̂ ^^^H....«^^^.._^.__.M,_^^^ « » _t^___,__^_.n.__ M. ̂  _ /I v^-L ^2t;j^                                 ~                                    .-I*

12. Map of study area showing surface-water

flow and gains and losses               '°

13. Hydrograph showing gains and losses

in flow of Silver Creek                 "77

TABLE

Table 1. Pumpage for irrigation, 1974 and 1975       in'f> d

2. Flows from artesian wells, 1975            43

3. Stream discharges at selected sites         \r\ f



FACTORS FOR CONVERTING ENGLISH UNITS TO 

INTERNATIONAL SYSTEM (SI) UNITS

The International System of Units is being adopted for 

use in reports prepared by the U.S. Geological Survey. To 

assist readers of this report in understanding and adapting 

to the new system, many of the measurements reported herein 

are given in both units.

Multiply English units

inches (in) 
feet (ft) 
miles (mi)

acres
square miles (mi2 )

cubic feet per second (ft3/s)

acre-feet (acre-ft) 
cubic feet (ft3 )

By 

Length

25.40
0.3048
1.609

Area

0.4047
2.590

Flow 

0.02832 

Volume

1233
0.02832

Transmissivity

To obtain SI units

millimeters (mm) 
meters (m) 
kilometers (km)

hectares (ha)
square kilometers (km2 )

cubic meters per second (m3/s)

cubic meters (m3 ) 
cubic meters (m3 )

feet squared per day (ft2/d) 0.0929 meters squared per day (in2/d)



GROUND WATER-SURFACE WATER RELATIONS 

IN THE SILVER CREEK AREA, 

BLAINE COUNTY, IDAHO

by 

Joe A. Moreland

ABSTRACT

The relations between ground water and surface water 

were studied by the U.S. Geological Survey in the Silver 

Creek area, Blaine County, Idaho, as part of a comprehensive 

investigation of the area's water resources. Ground-water 

withdrawals calculated for 1975 totaled about 16,000 acre- 

feet (2.0xl07 cubic meters) of pumped ground water and 

12,000 acre-feet (l.SxlO 7 cubic meters) of ground water 

extracted through flowing wells. The ground water is con 

tained in alluvial and basalt aquifers comprised of gravel, 

sand, and basalt interbedded with fine-grained silt and clay 

Nineteen shallow test holes were drilled and cased to define 

the extent and effectiveness of confining layers in the 

southern part of the valley. Water-level fluctuations 

monitored in about 75 wells showed seasonal variations of 40 

feet (12 meters) in the northern part of the area and less 

than 5 feet (1.5 meters) in some wells in the southern part 

of the area. Numerous stream-discharge measurements were

made to define areal and temporal distribution of ground- 

water discharge. Most of the flow in Silver Creek rises



from springs discharging from the shallow aquifer near the 

edge of the confining beds. Only a small amount of dis 

charge to the creek is attributable to upward movement of 

water through the confining beds. Discharge from the 

artesian aquifer near Stanton Crossing may contribute a 

significant portion of the spring flow which feeds the Big 

Wood River. Seasonal fluctuations in spring discharges are 

directly related to fluctuations in ground-water levels. 

Although losses from Silver Creek downstream from the con 

fining beds were documented during various times of the 

year, losses were relatively small. A deposit of fine 

grained sediments near Picabo effectively perches Silver 

Creek above the deep basalt aquifer.



INTRODUCTION

A number of socioeconcmic factors related to impending 

land- and water-use changes combined in the early 1970's to 

cause concern to local residents of the Silver Creek area of 

Blaine County, Idaho (fig. 1). They feared that these 

changes might alter the complex balance between surface- and 

ground-water systems in the area. The Silver Creek area 

also includes the area of ground-water discharge to Big Wood 

River. Many of the changes would result in a reduction in 

recharge to the aquifer or a change in the quality of the 

recharging water. The changes might cause ground-water 

levels and artesian pressure heads to decline, streamflow in 

Silver Creek and the Big Wood River to be reduced, and water 

quality of the ground-water system and the creek and river 

to deteriorate. Some of the specific proposed, and actual 

changes that were the cause of concern included: (1) chang 

ing irrigation practices from flood irrigation to sprinkler 

irrigation which requires application of less water and 

consequently less recharge to the aquifer; (2) changing land 

use from undeveloped or agricultural use to urban or sub 

urban tract-type development; (3) agricultural expansion on 

the valley floor itself and on the adjacent foothills and 

terraces; and (4) proposals for alternative methods of 

collection, treatment, and disposal of urban sewage wastes 

from the upstream Sun Valley-Ketchum area.
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To assist local agencies in formulating alternative 

plans for development, and predicting potential effects of 

the alternative developments on the water resources, the 

Idaho Department of Water Resources (IDWR) began a three- 

phase investigation of the Silver Creek area. The initial 

phase was a comprehensive data-collection effort to define 

the complex relations involved and to provide data needed to 

construct a model of the system. Phase two would use the 

findings of the first phase to construct and calibrate a 

hydrologic model of the system. The second phase would also 

include definition of alternative actions which could be 

evaluated on the completed model. Phase three would be an 

evaluation of the various proposed alternatives utilizing 

the calibrated model.

Realizing the wide range of data needed to complete 

this task, IDWR invited several local, State, and Federal 

agencies to participate in the first phase of the study. By 

using the expertise available in the participating agencies, 

IDWR felt that a more complete and accurate collection of 

information would result. For example, the Idaho Department 

of Health and Welfare (IDHW) provided data on water quality 

in Silver Creek; the Agricultural Research Service (ARS), 

U.S. Department of Agriculture, measured meteorological 

conditions; Idaho water Resources Research Institute (IWRRI) 

measured surface-water diversions; Soil Conservation Service



(SCS), U.S. Department of Agriculture, mapped crop distri 

bution; Idaho Department of Fish and Game (IDFG) conducted 

fish surveys; and IDWR collected ground-water-quality data. 

The U.S. Geological Survey (USGS) measured streamflow in 

Silver Creek, estimated ground-water extractions for agri 

cultural use, and defined the relations between ground water 

and surface water.



The Study A.rea

The study area (fig. 1} is a roughly triangular valley 

bounded by mountains and low hills. Bellevue is at the 

northern apex and is the largest community within the pro 

ject area. Two small communities. Gannett and Picabo, are 

in the southern part of the area.

The Big Wood River enters the triangle at the northern 

apex, flows along the western edge, and exits the study area 

at the southwestern apex. Silver Creek rises from numerous 

springs and seeps south of Gannett and exits to the south 

east.

The economy of the valley is based primarily on agri 

culture, although tourism, prompted by proximity to the Sun 

Valley ski area and excellent trout fishing in Silver Creek, 

is becoming increasingly important. Developers, realizing 

the recreational appeal of Silver Creek and the Sun Valley 

area, have proposed condominium and tract-type developments 

within the study area.



Scope of Investigation

Information collected during an earlier study indicated 

that Silver Creek lost flow before reaching the vicinity of 

Picabo (P. M. Castelin, oral commun., 1974). A stream- 

gaging station about 3 mi (5 km) southeast of Picabo was 

discontinued in 1962, so quantitative discharge data were 

lacking to define the ground water-surface water relations. 

Therefore, as a part of this investigation, the USGS reestab 

lished a gaging station on Silver Creek. A new site was 

selected at Sportsman Access (see fig. 7) near the area of 

assumed maximum flow, and about 7 mi (11 km) upstream from 

the discontinued station. Continuous river stage is re 

corded, and periodic discharge measurements are made at this 

new site.

To define ground-water-level fluctuations, about 75 

wells were measured monthly from July 1975 to June 1976. 

Five automatic water-level recorders also were installed on 

water-table and artesian wells to monitor continuous water- 

level and potentiometric head changes.

Discharge measurements were made on numerous pumped 

irrigation wells and flowing wells to provide data needed to 

compute irrigation pumpage and flows from artesian wells.

To obtain information needed to define the extent and 

effectiveness of shallow, fine-grained confining layers, 19 

test holes were drilled by machine auger at 10 sites. The



test holes were cased with plastic pipe to facilitate col 

lection of water levels and potentiometric heads at various 

depths in the area of confined water.

To define the source and seasonal variations of inflow, 

three series of discharge measurements were made throughout 

the system of springs that feed Silver Creek. Measurements 

also were made along Silver Creek to document any gains or 

losses in the creek itself. The measurements were made in 

May, June, and October 1975 to define the temporal changes 

that occur in the system. In October 1975, discharge 

measurements were made on springs flowing to the Big Wood 

River.

,\<\



Purpose of Report

The results of investigations by the various agencies 

participating in the overall project are being made avail 

able in different formats. No attempt has been made at this 

time to assimilate all the collected data into a compre 

hensive report. IDWR is planning to release a final report 

on the overall project after a hydrologic model has been 

constructed and calibrated.

This report only summarizes the findings of the USGS 

work. As such, it cannot and does not address many im 

portant aspects of the hydrology of the study area. A 

conceptual model of the ground-water-flow system and stream- 

aquifer interaction is presented to provide a starting point 

for construction of a mathematical model. Because the con 

ceptual model has not been tested with data collected by 

other agencies, some refinement is expected during con 

struction of the mathematical model.
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Well-Numbering System

The well-numbering system used by the USGS in Idaho 

indicates the locations of wells within the official rec 

tangular land subdivision, with reference to the Boise base 

line and meridian. The first two segments of the number 

designate the township and range. The third segment gives 

the section number, followed by three letters and a numeral, 

which indicate the quarter section, the 40-acre (16.2-ha) 

tract, the 10-acre (4.0-ha) tract, and the serial number of 

the well within the tract, respectively. Quarter sections 

are lettered a, b, c, and d in counterclockwise order from 

the northeast quarter of each section (fig. 2). Within the 

quarter sections, 40-acre (16.2-ha) and 10-acre (4.0-ha) 

tracts are lettered in the same manner. Well !S-19E-3ccb2 

is in the NW^SW%SW% sec. 3, T. 1 S., R. 19 E., and was the 

second well inventoried in that tract.
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GEOHYDROLOGIC FRAMEWORK 

Geologic Units

Bordering and underlying the valley are consolidated 

sedimentary, volcanic, and intrusive rocks of Tertiary and 

older age. The various rocks have been described in detail 

by Schmidt (1961). Because these rocks are virtually im 

permeable compared to the valley fill material and the 

basalts of the Quaternary Snake River Group, they are con 

sidered as a single unit referred to as basement complex. 

The basement complex completely surrounds the valley, except 

where the Big Wood River enters and exits the valley and 

where Silver Creek exits to the southeast. A number of 

remnant hills (fig. 3) composed of basement complex crop out 

in the valley (T. 1 N., R. 18 E., sec. 12; T. IS., R. 19 

E., sec. 13; and T. IS., R. 20 E., sec. 17).

The valley is filled to depths of as much as 500 ft 

(150 m) with a sequence of interbedded clay, silt, sand, and 

gravel of Pleistocene and Holocene age. This valley fill is 

the primary source of ground water in the area. The unit 

has been subdivided by Schmidt (1961) into several indi 

vidual units based on age and method of deposition. In this 

report, the sedimentary valley fill is considered a single 

geohydrologic unit referred to as fluvioglacial sediments.

In the southern part of the valley, Pleistocene basalt 

flows considered to be part of the Snake River Group have



been identified (Scbmidt, 1961). Flows are fractured and 

jointed and contain numerous contact zones between indi 

vidual flows. Several high-yield wells have been completed 

in the basalt. The basalt underlies the valley fill and is 

a part of the aquifer system in the southern part of the 

valley.



History of Valley-Fill Deposition

To understand the character of the fluvioglacial sedi 

ments, an understanding of the sequence of geologic events 

that caused their deposition is essential. During Pliocene 

time, the Big Wood River flowed from the deep, narrow canyon 

upstream from Bellevue onto a partly erosional and partly 

structural depression, which is the present-day valley. At 

that time, the Big Wood River flowed southeastward and 

exited the valley through the gap now occupied by Silver 

Creek.

In the early part of the Pleistocene Epoch, a basalt 

flow occurred in the vicinity of the southeastern outflow 

gap. The flow blocked the river causing a lake to form. 

Sediments were deposited in the lake with coarse-grained 

material being dropped from the river at the upper end of 

the valley and fine-grained sediments being deposited over 

the floor of the lake at the southern end of the valley. 

The regraded valley floor received finer grained sediments 

as the floor flattened. The lake eventually filled to an 

elevation sufficient to overflow through the western gap, 

resulting in the diversion of the Big Wood River to its 

present-day channel.

Sometime later, a second basalt flow occurred near the 

southwest gap, which dammed the new channel of the Big Wood 

River and caused a second lake to form. The second basalt

A'l



flow resulted in the Big Wood River being redi.verted to the 

former southeast outflow gap.

Several more lava flows occurred alternately at the 

southeast and southwest outflow gaps. Each successive flow 

dammed the river, v/hich resulted in additional deposition 

across the valley floor. Although not all the flows caused 

the river to change course from one gap to the other, the 

river did alternate between the two gaps several times.

Concurrent with the repeated damming and diversion of 

the river, at least two periods of glaciation occurred. 

Glaciers formed in the upstream part of the Big Wood River 

drainage basin and provided large quantities of glacier-melt 

runoff and high loads of detritus to the river. This 

glacial outwash spread over the valley floor, resulting in 

extensive deposits of poorly sorted coarse-grained material.

The last glacial period spread a layer of coarse sand 

and gravel over the entire valley. Some windblown sand and 

silt has since been deposited over the most recent glacial 

outwash. The sediments have been reworked by the Big Wood 

River and Silver Creek, and organic matter has accumulated 

in swampy areas to form the present-day valley floor.

Schmidt (1961) described this series of events in some 

detail and discussed the individual sedimentary deposits 

resulting from the various events. For this study, the 

brief explanation given should suffice to illustrate how



alternating layers of coarse- and fine-grained deposits were 

emplaced.



Lithology of Valley Fill

The lithology of the valley fill is a controlling 

factor in the movement of ground water through the study 

area. Ground water is transmitted easily through coarse 

sand and gravel but moves slowly through fine-grained silt 

and clay. Some thick, extensive layers of fine-grained 

material serve as barriers to ground-water flow and effec 

tively retard movement. Thus, to understand ground-water- 

flow patterns in the valley, an understanding of the spatial 

and vertical distribution of sand, gravel, silt, and clay is 

important.

To define the lithology of the fluvioglacial sediments, 

drillers' logs of wells within the study area were collected 

and analyzed. Test holes were machine augered at 10 sites 

(fig. 3) in the southern part of the area to supplement the 

available information. The geologic data were used to 

construct generalized lithologic sections across the valley 

(figs. 3 and 4).

The heterogeneous nature of the valley fill makes 

correlation of specific lithologic units difficult. Also, 

drillers often use different terminology to describe the 

same material clay in one well log might have been reported 

as silt or even silty sand by another driller. These fac 

tors, combined with the mechanical difficulty of obtaining 

truly representative samples of material penetrated by the



drill, complicates the construction of lithologic sections 

across the valley.

Despite the difficulty of correlating individual litho 

logic units, some success was obtained in correlating more 

generalized units comprising predominant lithologic types. 

For example, a thick sequence of predominantly fine-grained 

material could be traced across the valley, even though 

individual clay or silt zones within the unit could not be 

traced more than 1 mi (1.6 km). This was the technique used 

to construct the cross sections shown in figure 4. No 

attempt was made to correlate individual lithologic units 

unless an extensive layer was observed in several wells over 

a large area.

Four basic units are shown in the cross sections: 

basement complex, basalt of the Snake River Group, sand and 

gravel, and fine-grained deposits of silt and clay. The 

probable distributions of gravel within the sand and gravel 

also are shown because gravel is a fairly reliable correla 

tion unit. No attempt was made to differentiate between 

silt and clay.

Although not completely accurate, the cross sections 

indicate the general position, thickness, and extent of 

permeable aquifer materials and possible confining layers.

In general, the northern part of the valley is under 

lain by predominantly coarse sand and gravel; however, a few



thin and discontinuous deposits of fine-grained material are 

present. Because of the limited areal extent of the fine 

grained material, confinement of ground water is limited or 

nonexistent.

In the central part of the basin, more fine-grained 

sediments are evident, but again, sand and gravel predomi 

nate. The fine-grained sediments appear to be extensive 

enough to provide some degree of confinement, although 

water-level data indicate no occurrence of artesian con 

ditions. No wells exist which are perforated only in the 

bottom part of the section. Without such wells, no con 

clusions about artesian conditions are possible.

From approximately Baseline Road south, significant 

amounts of fine-grained sediments occur. Continuous layers 

were found below depths of about 150 ft (45 m). The amount 

of fine-grained material increases to the south, and con 

finement of water is indicated clearly over all the southern 

part of the valley from Hayspur Fish Hatchery to Stanton 

Crossing. South of Highway 68, sand and gravel compose less 

than 25 percent of the total thickness of the valley fill.

The lithologic cross sections clearly illustrate the 

northernmost advance of the basalts which dammed the Big 

Wood River in earlier times. Basalt occurs as far north as 

T. IS., R. 19 E., sec. 15, as shown on section D-D 1 . In 

the southeastern part of the study area, basalt is the



predominant unit. Section 8-8' illustrates the. dominance of 

the basalt aquifer across the gap through which Silver Creek 

leaves the study area.



Extent of Effective Separation of Aquifer

To define more accurately the character of the under 

lying shallow sediments which contribute flow to Silver 

Creek, test holes were machine augered to depths of as much 

as 129 ft (39 m) below land surface. Ten holes were drilled 

along Highway 68 and on north-south roads intersecting the 

highway. At locations where a suspected confining bed was 

penetrated, additional holes were drilled and cased with 

1.5-in (38-mru) diameter plastic pipe to obtain hydraulic 

heads above and below the confining layers. Short sections 

of perforated pipe were installed at the bottoms of wells to 

obtain point-value hydraulic heads.

Figure 3 shows the locations of the test holes com 

pleted as piezometer tubes. Geologic and hydrologic data 

collected at each site are summarized in figure 5.

In the northernmost test holes (lS-19E-3ddd, 8aad, and 

17aaa), virtually no fine-grained material was found in the 

upper 100 ft (30 m) of valley fill. However, data from 

nearby deep wells indicate that deeper confining beds are 

present, but no shallow confinement exists.

Test holes in the western part of the area drilled (1S- 

19E-17ddd and 18ddd) penetrated some fine-grained sediments 

at depths less than 90 ft (27 m) below land surface, but 

head differences in piezometers perforated above and below 

the suspected confining beds were small (less than 1 ft or
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Q.3 m). However, both test holes bottomed in fine-grained 

material that appears to be an effective confining bed.

The southern- and easternmost test holes (lS-19E-15aaa, 

15ddd, 16ddd, and 22dda) all penetrated several fine-grained 

zones which serve as effective confining beds. Flowing 

artesian piezometers were completed in the deepest holes at 

all four sites. Piezometer !S-l9E-22ddal had the highest 

hydraulic pressure head at the time of installation 17.74 

ft (5.41 m) above land surface.

Four of the test holes apparently reached the under 

lying, basalt. Drilling was halted in lS-19E-14ddd, 15aaa, 

15ddd, and 22dda at depths of 21 ft (6.4 m), 102 ft (31 m), 

71 ft (22 m), and 108 ft (33 m), respectively, when the 

drill was unable to penetrate further. Basalt is thought to 

be the impenetrable material encountered.

The data from the test holes and piezometer tubes 

provide valuable proof that confining beds exist at shallow 

depth in the southern part of the study area. More im 

portantly, the hydraulic head data for discrete depths in 

the aquifer clearly indicate that heads vary with depth. 

Deeper zones have significantly higher head values than 

shallower zones, provided sufficient fine-grained material 

is present between the zones. Where only small amounts of 

fine-grained material exist in a vertical section, head 

differences are slight, which suggests that confinement is 

minimal.



As indicated in several of the test holes, not all the 

fine-grained sediments serve as effective barriers to ground- 

water flow. Insufficient thickness and limited areal extent 

of many of the identified fine-grained sediments make them 

ineffective confining beds. Therefore, the effectiveness of 

fine-grained sediments to retard or prevent ground-water 

flow cannot be assessed solely on the basis of lithology. 

Water-level differences in permeable zones separated by the 

layers, however, would appear to indicate effective separation.

Using the criterion of water-level difference between 

shallow and deep zones, the extent of effective confinement 

was mapped. Figure 3 shows the approximate extent of areas 

underlain by effective confining beds.

Although data from the test holes identified more than 

one confining bed, no attempt has been made to map the 

individual layers. Development of a mathematical hydrologic 

model requires generalizations to simplify the aquifer system. 

Generally, simulating more than two layers of flow is too 

costly and time consuming to be practical unless a need 

exists for more detail. Therefore, only the maximum extent 

of confinement is shown in figure 3 by compositing indi 

vidual confining beds.

Effective confinement extends to about 1 mi (1.6 km) 

north of Baseline Road on the west side of the valley. On 

the east side of the valley, confinement apparently extends



only 1 mi (1.6 km) north of Highway 68. The entire west 

side of the valley is underlain by an effective confining 

bed, except for a small area near the outflow gap of the Big 

Wood River. On the east side of the valley, the confining 

bed extends only to the vicinity of Hayspur Fish Hatchery. 

In addition to the artesian area in the southern part 

of the valley, water-level differences between shallow and 

deep zones were noted in the vicinity of Picabo. In this 

area, the fine-grained material overlying the basalt aquifer 

acts as a perching layer, rather than a confining bed. Water 

levels in the shallow water body are near land surface, 

while water levels in the deeper aquifer are as much as 130 

ft (40 m) below land surface as the deeper aquifer merges 

with the Snake Plain aquifer to the south.



Aquifer Transmissivity

An integral part of a hydrologic model is the spatial 

distribution of the aquifer characteristics. Although the 

physical parameters of the aquifer model are adjusted during 

construction and calibration of the model, a starting point 

is needed. Therefore, to provide assistance to the inves 

tigators who will build the hydrologic model, a preliminary 

estimate of aquifer transmissivity was made as part of this 

study.

During a previous study, Smith (1959) made aquifer 

tests at five sites in the study area. Although the data 

were inconclusive, estimates of aquifer transmissivities 

were obtained. Smith's tests indicate transmissivities that 

ranged from about 100,000 ft 2/d (9,000 m2 /d) to 430,000 

ft 2/d (40,000 m2 /d).

To supplement these data, well-performance tests re 

ported by drillers were used to estimate aquifer trans 

missivities throughout the study area. Thomasson and others 

(1960) described a rough approximation that relates specific 

capacity of a well (ratio of yield in gallons per minute to 

drawdown in feet) to aquifer transmissivity:

T=267xSC, where

T = transmissivity in feet squared per day, and 

SC = specific capacity in gallons per minute per foot of 

drawdown.



The transmissivities calculated from specific-capacity 

data are illustrated in figure 3. This map shews the dis 

tribution of transmissivities based on performance of wells 

drilled into the deep aquifer. Data were insufficient to 

map transmissivities of the shallow, unconfined aquifer.

Generally, in the northern part of the study area in 

the vicinity of Bellevue, the aquifer transmissivities range 

from 30,000 to 70,000 ft 2/d (2,000 to 7,000 m2/d). The 

highest aquifer transmissivity of 300,000 ft 2/d (30,000 

m2/d) occurs northwest of Gannett (fig. 3), reflecting the 

presence of coarse sand and gravel. South of Baseline Road, 

in the artesian area with confining beds of low hydraulic 

conductivity, transmissivities generally are less than 

30,000 ft 2/d (3,000 m2/d). West of Baseline Road and High 

way 93, within the artesian area, is an anomalous area where 

the transmissivity is 70,000 ft 2/d (7,000 m2/d).

Data are sparse for the basalt aquifer in the south 

eastern part of the study area. Basalt aquifers tend to be 

highly variable in degree of jointing and occurrence of 

permeable contact zones. Therefore, transmissivities in 

this area are probably quite variable from location to 

location. The values shown in figure 3 range from 7,000 

ft 2/d (700 m 2/d) to 30,000 ft 2/d (3,000 m2/d), but locally, 

transmissivities could be much higher or lower.



Adjustments to these preliminary estimates are expected 

as information contributed by other agencies is applied to 

the hydrologic model. However, significant changes from the 

values shown in figurs 3 might indicate a need for a re- 

evaluation of some concepts or interpretations of the hydro- 

logic conditions.



GROUND WATER

Ground water occurs throughout the valley in the fluvio- 

glacial sediments and basalt. Unconfined or water-table 

conditions exist over the entire study area, and confined or 

artesian conditions exist in the southern part of the valley 

Extensive use is made of the ground water for domestic 

supplies, irrigation, and stock water. Ground water dis 

charging from the aquifer in springs and seeps maintains 

flow in the southern part of the Big Wood River and is the 

primary source of water in Silver Creek.

Recharge to the aquifer is derived from percolation of 

snowmelt and precipitation, percolation of excess irrigation 

water applied to crops, leakage from canals and ditches, and 

seepage in the northern part of the Big Wood River channel 

and tributary streams. Underflow through the alluvial fill 

in the Big Wood River canyon upstream from Bellevue is 

another primary source of ground water to the valley. Data 

which quantify the recharge to the system were collected by 

other agencies. Therefore, no attempt was made in this 

phase of the investigation to compute inflow to the aquifer.

Discharge from tn<? aquifer occurs as withdrawal by 

wells, discharge in springs and seeps, evapotranspiration, 

and underflow through the southeastern and southwestern 

gaps. This investigation quantifies the major ground-water 

withdrawals by wells. Evapotranspiration was studied by



another agency and was not considered in this study. Under 

flow to the southwest is considered to be negligible because 

of the occurrence of basement complex at shallow depth in 

the gap through which the Big Wood River flows. The south 

eastern gap transmits a significant amount of underflow in 

the basalt aquifer. Because of the difficulty of defining 

transmissivity of the basalt aquifer, this item of outflow 

can best be computed as the difference between all inflow 

quantities and other items of outflow. Ground-water dis 

charge through springs and seeps as it relates to inflow to 

the Big Wood River and Silver Creek will be discussed in 

detail in a later section of this report.



Ground-Wate r Withd ra wa1s

Ground water is withdrawn for municipal, rural, domes 

tic, stock, and irrigation use. Although municipal, rural 

domestic, and stock uses were not computed as part of this 

study, the total quantity withdrawn is negligible compared 

to other items of ground-water discharge. Municipal use by 

the city of Bellevue averages only about 50 acre-fb (60,000 

m3 ) per year. Rural domestic use can be estimated by as 

suming an average rate of withdrawal per household of 1 

acre-ft (1,000 m 3 ) per year. Total domestic use is probably 

much less than 200 acre-ft (250,000 m3 ) per year. Stock 

water is obtained mostly from artesian wells or diverted 

surface water. The small amount pumped can probably be 

included with the estimate for rural domestic use.

About 60 wells are pumped to irrigate croplands. 

Nearly all the pumped wells are powered by electric motors. 

To calculate pumped irrigation water, power records were 

obtained from the Idaho Power Company. Discharge measure 

ments were made at most of the irrigation wells during 

August and September. Knowing the rate of discharge, the 

total power consumed, and the rate of power consumption for 

the wells, total withdrawals were computed from:

Q^=Q x*^, where
»- r D



Q = total monthly withdrawal in acre-feet,
\-r

Q = discharge rate, in acre-feet per hour, 

kWh = total monthly power consumed, in kilowatthours, 

D = hourly power demand of the pumping plant, in

kilowatts.

Withdrawals from wells for which discharge measurements 

could not be obtained required an alternate method of com 

putation. The average amount of power consumed to lift 1 

acre-ft (1,000 m3 ) of water 1 ft (0.3 m) in this area is 1.8 

kWh. By measuring depth to water while the well is pumping 

and either measuring or estimating the dynamic pressure head 

at the well, total lift can be calculated. Total monthly 

extraction can be computed from:

Qt=T7Fx(H+p) ' where 

Q = total monthly withdrawal, in acre-feet,
w

kWh = total monthly power consumed, in kilowatthours, 

H = Depth to pumping water level, in feet, 

P = pressure head at the well, in feet of water, and 

1.8 = average efficiency of pumping plants, in kilowatt- 

hours per acre-foot per foot of lift.

Because of customer confidentiality, Idaho Power pre 

fers that total pumpage not be identified by individual well 

or owner. Therefore, computed withdrawals were composited 

by quarter section. Table 1 lists the monthly ground-water 

withdrawals by quarter section for the 1974 and 1975 ir-



rigation seasons. Total withdrawal was 19,300 acre-ft 

(2.4xl0 7 m 3 ) in 1974 and 16,000 acre-ft (2.0xl0 7 m 3 ) in 

1975.

The values shown in table 1 have not been adjusted to 

account for seasonal variations in discharge. Discharge 

rates from pumped wells are dependent on depth to water. 

Water levels fluctuate significantly over the irrigation 

season, and some variation in discharge rates would be 

expected as water levels change. However, in wells dis 

charging into sprinkler systems, a relatively constant 

discharge is required for the system to operate satisfac 

torily. Discharges in these systems are controlled by 

valves at the well head. As water levels rise, the valves 

are closed, thereby limiting discharge and increasing dy 

namic head at the well. As water levels decline, the valves 

are opened to increase discharge and decrease dynamic head. 

Thus, the seasonal variation in discharge because of chang 

ing lift is compensated somewhat. For wells discharging to 

ditches, the discharge rate probably is not controlled. 

However, most wells in this area produce high yields, and 

pump capacity is the limiting factor, rather than lift. The 

wells that discharge to ditches are mostly in the lower part 

of the valley where annual fluctuations generally are less 

than 10 ft (3m). This small variation in lift probably 

doesn't affect discharge by more than 10 percent, which is 

well within the probable error of pumpage calculations.



Water levels in .the valley are generally lower than 

average in the early part of the irrigation season (May), 

reach a maximum in June and July, and decline through Aug 

ust, September, and October. During late August and Sep 

tember, when discharge rates were measured, water levels 

were near the average for the irrigation season. Thus, the 

reported monthly values for pumped water were probably 

higher than actual in May and October and lower than actual 

in June and July. Even though the monthly totals reported 

in table 1 are somewhat in error because variations in water 

levels were not taken into account, the totals for the 

irrigation season are considered reasonably accurate.

In addition to pumped wells, about 50 flowing artesian 

wells were used for irrigation in the southern part of :the 

valley. Two flowing wells supplied water to the Hayspur 

Fish Hatchery. Unlike the pumped wells, no documentation is 

available for flowing wells which can be used to calculate 

withdrawals. In most cases, discharge measurements could be 

made to determine rates of flow, but the period and length 

of use were not readily available. To obtain this infor 

mation, well owners were personally interviewed to establish 

when individual wells were allowed to flow, how long they 

were used, and what the approximate rate of flow was. 

Recollection was not always precise, but reasonable es 

timates were made. Based on measured flow rates and well



owners' estimates of periods of use, total monthly flows 

were calculated. These values were also composited by 

quarter sections and are listed in table 2. Only 1975 

values were calculated because most well owners could not 

recall periods of use for the previous irrigation season. 

Total flow from artesian wells for 1975 was estimated to be 

12,000 acre-ft (1.5xl07 m3 ).

Discharges from flowing wells are directly related to 

potentiometric head and thus vary significantly through the 

year. In fact, some wells only flow part of the year. For 

this reason, potentiometric head fluctuations could not be 

ignored in computing flows from artesian wells. In most 

cases, only one or two measurements of discharge were available 

for flowing wells. Therefore, a straight-line relation 

between potentiometric head and discharges was assumed. 

Using this assumption, estimates of flow rates for each 

month were made. Thus, the values reported in table 2 

reflect not only reported periods of flow but also varia 

tions in flow because of potentiometric head fluctuations.
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Ground-Water Movement

Ground water under unconfined or water-table conditions 

moves in response to gravity from areas of higher altitude 

to areas of lower altitude. The rate of movement depends 

upon the transmissivity of the material through which the 

ground water moves and the steepness of the water-table 

surface. In confined or artesian aquifers, ground-water 

moves in response to potentiometric head from areas of 

higher head to areas of lower head. Again, rate of movement 

depends upon aquifer transmissivity and steepness of the 

potentiometric gradient.

By contouring the potentiometric surface, the direction 

of flow can be determined. In general, the direction of 

flow is at right angles to the contour lines. Thus, to 

determine patterns of ground-water flow, potentiometric 

contour maps are indispensable.

Numerous water-level and pressure-head measurements 

have been collected throughout the valley by previous 

investigators. Measurements collected during this study 

indicate that water levels have not changed substantially 

since the early 1950's, when a comprehensive well inventory 

was made as part of a USGS investigation (Smith, 1959). 

Annual water-level changes which have occurred have, in 

general, been smaller than seasonal fluctuations (see sec 

tion on ground-water fluctuations). Therefore, measurements



from previous investigations were adjusted from known 

seasonal fluctuations to fall 1975 conditions and used to 

supplement data collected in October 1975 from about 75 

wells.

The complex aquifer system underlying the valley pre 

sents some problems in defining and illustrating ground- 

water-flow patterns. In the area of confined ground water, 

potentiometric head is related to the depth of wells. 

Deeper zones are confined by more extensive confining layers 

and therefore are pressurized farther upgradient than shal 

lower zones. Thus, potentiometric differences between wells 

could represent potentiometric gradients and flow patterns 

between the wells or could indicate that the wells tap 

separate zones with different potentiometric heads, or both. 

In addition to this problem, several areas suspected to be 

underlain by confined aquifers have never been drilled. 

Potentiometric heads had to be projected into these areas of 

sparse data.

An important consideration in contouring water levels 

and potentiometric heads is the seasonal variations in 

recharge and discharge. The October' period selected for 

illustration of water-table and artesian conditions is a 

period of declining water levels when recharge has nearly 

ceased and the aquifer is draining toward points of dis 

charge. This period probably best represents average annual



flow conditions for the present conditions of development, 

although average annual water levels and pressure heads for 

specific areas may not be represented.

Figure 6 illustrates the water-table and potentiometric 

contours for October 1975. In areas where two separate 

aquifers can be identified, head conditions in each are 

shown.

In the northern part of the valley, only one aquifer is 

identifiable. In this area, ground water flows in a south 

erly direction radiating outward from the canyon of the Big 

Wood River at Bellevue. A steepening of the gradient in T. 

IN., R. 18 E., sees. 12 and 13 probably reflects lower 

transmissivity or reduced cross-sectional area of the aqui 

fer because of the bedrock hill in section 12.

As ground water moves southward into the area underlain 

by deposits with higher percentages of fine-grairied con 

fining material, artesian conditions become evident in 

deeper wells. In T. 1 N., R. 18 E., sees. 35 and 36, head 

differences become evident between the deep and shallow 

zones. In this area, the directions of ground-water flow in 

the deep and shallow systems diverge.

In the shallow system, ground-water movement generally 

follows the surface drainage moving southwestward toward 

Stanton Crossing or southeastward toward Picabo.



As the water in the shallow system moves southward, it 

overrides the fine-grained confining beds. Higher per 

centages of fine-grained material in the southern part of 

the valley cause a rapid decrease in transmissivity of the 

shallow sediments and ground water is forced to the surface. 

This is the spring discharge which feeds Silver Creek and 

the tributaries to the Big Wood River.

Because of the higher percentage of fine-grained ma 

terial south of Highway 68, probably only a small amount of 

water in the shallow sediments passes the areas of spring 

discharge. On the Silver Creek side of the valley, most of 

the discharge occurs in T. IS., R. 19 E., sees. 8, 9, 10, 

11, 14, 15, and 16. On the Big Wood River side, springs 

occur mostly in T. 1 S., R. 18 E., sees. 11 and 13.

The ground water that moves beneath the confining 

beds flows mostly toward the Silver Creek side of the 

valley. The portion that moves southwestward toward Stanton 

Crossing flows parallel to the shallow water body but under 

a much steeper gradient. This water travels beneath the 

confining beds and apparently escapes vertically through a 

gap in the fine-grained sediments near Stanton Crossing. 

Substantial spring discharge is noted in Willow Creek in T. 

IS., R. 18 E., sees. 21 and 22 that probably represents 

upward movement of water from the confined aquifer.

The deep ground water which moves toward the Silver 

Creek side of the valley moves eastward through the confined



aquifer toward the basalt aquifer underlying the south 

eastern part of the valley.

The potentiometric contours shown in figure 6 in the 

vicinity of T. 1 S., R. 19 E., sec. 17, show a peculiar flow 

pattern in the deep system that is difficult to explain. 

If the contours are correct, water apparently moves along a 

corridor of high transmissivity, perhaps a buried ancestral 

channel of the Big Wood River which was entrenched in the 

fine-grained deposits. Figure 3 indicates a zone of high 

transmissivity in this general area that lends support to 

this hypothesis. A more likely hypothesis is that wells in 

sections 17 and 18 tap a deeper system under higher head 

than do surrounding wells. If this more plausible explana 

tion is true, perhaps a third set of contour lines is needed 

to illustrate flow patterns in two confined aquifers instead 

of one.

Beneath Silver Creek, the confined ground water enters 

the basalt aquifer (fig. 4, section C-C'). The fluvio- 

glacial deposits which overlie the basalt become thinner and 

the fine-grained sediments disappear. With no confining 

beds present, the deep and shallow aquifers merge into a 

single system near the line separating T. 19 S. and T. 20 S.

Ground water in the basalt aquifer flov/s southward and 

eastward toward Picabo and out of the study area. The



gradient steepens rapidly southeast of Picabo as the ground 

water descends to levels in the Snake Plain aquifer.

In the vicinity of Picabo, a layer of fine-grained 

sediments, apparently deposited by Silver Creek, overlies 

the basalt aquifer. Water from irrigated crops and seepage 

from Silver Creek are perched by the fine-grained layer. 

Several shallow wells obtain small amounts of domestic water 

from this local perched water body.



Ground-Water Fixic tuations

Ground-water levels rise and fall in response to re 

charge to and discharge from the aquifer. To document the 

amount and timing of fluctuations, about 75 wells were 

measured monthly from January 1975 to June 1976. Data 

collected in October and December 1974 by IDWR were helpful 

in extending the period of record. Five continuous water- 

level recorders were installed to monitor short-term changes 

in both the artesian and water-table aquifers (fig. 7).

Hydrographs of the wells are shown in figure 8. In 

.addition, selected hydrographs are shown in figure 6 to 

illustrate fluctuations in different parts of the aquifer.

In the Big Wood River canyon near Bellevue, water 

levels fluctuate nearly 10 ft (3 m) per year, as illustrated 

by well 2N-18E-36cdal. Water levels rise in late spring in 

response to recharge from snowmelt and flood flows in the 

Big Wood River and continue to rise through early summer as 

irrigation-return water recharges th'e aquifer. From about 

July on, water levels decline as ground water flows to the 

south into the aquifer underlying the valley,

Ground-water levels in Poverty Flats west of the Big 

Wood River are represented by well lN-18E-15claal. Annual 

fluctuations in excess of 40 ft (12 in) occur in this area. 

A dramatic rise in water levels occurs in May and June, 

corresponding to the spring runoff period in the Big Wood
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River and beginning of diversions to irrigation canals. 

Early season losses from irrigation canals and deep per 

colation of excess irrigation water applied to immature 

crops result in a rapid rise in water levels in this area. 

During much of the year, the river is dry or flows only a 

small amount in the 3-mi (5-km) reach downstream from the 

diversions to Bypass Canal and Glendale Canal. However, 

during the late spring runoff, high flows pass this inter 

mittent reach and considerable water percolates to the 

aquifer. The rapid water-level rise in the aquifer is 

partly due to this recharge. Most of the water in the Big 

Wood River is diverted to irrigation canals during the 

irrigation season, and the reach becomes dry in late July or 

August. Ground-water levels quickly decline after cessation 

of recharge from the river.

Ground-water levels east of the river in the northern 

part of the valley are represented by well lN-19E-20bbc2. 

The hydrograph of this well also shows a marked rise in 

water levels during the spring runoff period. In this area, 

the rapid rise is probably also due to diversion of surface 

water to croplands. Diversions usually begin in April and 

continue through October. During the early part of the 

irrigation season, significant losses occur from the canals 

and ditches. In addition, crops utilize only a fraction of 

the applied irrigation water during the early part of the



season, thus providing much excess irrigation water to the 

aquifer. Later in the season, canals become pcirtly sealed 

with silt and organic deposits and crops utilize mere of 

the applied water as plants reach maturity. Therefore, 

recharge declines significantly from the spring high as the 

irrigation season progresses. The reduction in recharge is 

reflected in the hydrographs as water levels begin to de 

cline in July. Compared to the Poverty Flats area, declines 

occur at a moderate rate on the east side of the valley, 

probably because recharge continues at a reduced rate until 

late October.

Concurrent with recharge, ground-water withdrawals for 

irrigation use occur throughout this area (see table 1) . 

The withdrawals probably lessen the rises in water levels 

and hasten the declines. Withdrawals usually cease in 

October at the end of the irrigation season, which could 

account for the fact that water levels do not decline at a 

more rapid rate after cessation of irrigation application.

Toward the southeastern end of the unconfined area, 

water-level fluctuations become smaller because of the 

proximity to spring discharge areas. The water level in 

well lS-19E-llbbbl, for example, fluctuates only about 5 ft 

(1.5 m) per year. This characteristic occurs throughout the 

southern part of the unconfined aquifer near the springs. 

The springs effectively hold water levels near a constant



level increasing in discharge as water levels rise and 

decreasing in discharge as water levels fall.

Pressure fluctuations in the artesian aquifer are 

represented by wells lS-18E-lcdcl, lS-19E-16bbcl, and 22caal. 

Well lS-18E-lcdcl is near the edge of the confining beds; 

therefore, the fluctuations are similar to those in the 

northern unconfined area. Farther into the artesian system, 

the fluctuations are delayed as the pressure waves move 

through the system. For example, well lS-19E-16bbcl peaks 

in late July and August, whereas wells in the unconfined 

area and artesian wells near the edge of the confining 

beds peak in early and mid-July. Still farther into the 

artesian system, well lS-19E-22caal peaks in late August and 

September.

A second phenomenon is apparent in the artesian system. 

Water levels in wells near the northern edge of the con 

fining beds fluctuate nearly as much as water levels in 

wells in the unconfined area, but fluctuations become 

smaller farther into the confined system. Artesian wells 

near the lower end of the confined area display very small 

annual fluctuations. Well lS-19E-22caal exemplifies the 

reduced amount of fluctuation. This may be partly because 

springs dampen the fluctuations near the point of confine 

ment.



In the southeastern part of the study area where the 

confined aquifer merges with the unconfined aquifer, water- 

level fluctuations are minimal because of hydraulic con 

nection with Silver Creek. Water levels are held relatively 

stable with fluctuations of less than 10 ft (3 m) occurring 

in well lS-20E-20abbl. The fluctuations that do occur 

apparently are related to recharge from snowmelt and ir 

rigation return and changing amounts of underflow from the 

upstream part of the system.

Near Picabo where the water-level gradient in the 

basalt aquifer steepens, water-level fluctuations increase 

to about 20 ft (6 m), as illustrated by well lS-20E-35dadl.

In this area, water levels commonly rise twice during the
i

year. In April when snowmelt recharges the aquifer, a brief 

rise occurs. After the snow has melted, water levels recede 

to almost the level reached before snowmelt occurred. Late 

in May or early in June, the water levels again rise. This 

second rise probably represents irrigation return but also 

reflects the recharge wave, which is passing through the 

aquifer from the upstream area. This second rise continues 

until late August or early September. After September, the 

water levels fall rapidly as ground water drains to the 

southwest.



SURFACE WATER AND ITS RELATION TO GROUND WATER

Two principal streams drain the study area. The Big 

Wood River enters the valley through a deep, narrow canyon 

upstream from Bellevue and exits through a gap to the 

southwest. Silver Creek rises in numerous springs and seeps 

in the southern part of the valley and exits through a gap 

to the southeast.

A stream-gaging station on the Big Wood River at Hailey 

about 4 mi (6 km) upstream from Bellevue provides a record 

of daily flows entering the study area. A second gage on 

the Big Wood River near Bellevue (just downstream from 

Stanton Crossing) gages surface flow leaving the valley. 

Although a gaging station had been operated on Silver Creek 

near Picabo for many years, it was discontinued in 1962. To 

provide data needed in this study, a second gaging station 

was installed in October 1974 on Silver Creek at Sportsman 

Access near Picabo about 7 mi (10 km) upstream from the old 

gaging station.

Most of the flow in the Big Wood River is runoff from 

the 640-mi 2 (1,660-km2 ) drainage area above the Kailey gage, 

which occurs mostly in May, June, and July (fig. 9}. Total 

flow passing the gage near Stanton Crossing is less than 

flow"past the Hailey gage because of diversions to irriga 

tion canals and seepage losses between the gages. The 

effects of irrigation diversions are apparent in the hydro-





graphs (fig. 9) in August when flow past the Hailey gage 

recedes from the peak spring runoff. While the flow past 

Hailey averages about 400 ft3/s (10 m3/s) in August, flow at 

Stanton Crossing declines to less than 150 ft 3/s (4 m 3/s). 

An even more dramatic effect can be seen in late October 

when irrigation ceases. A sharp rise in flow past the gage 

near Stanton Crossing occurs while flow at the Hailey gage 

remains relatively stable through October.

These hydrographs unfortunately do not illustrate an 

important aspect of the flow in the Big Wood River. All the 

flow passing the gage near Stanton Crossing in the late 

summer and early fall is ground-water discharge from the 

aquifer. After spring runoff has receded, irrigation di- i 

versions completely drain the river just south of Bellevue. 

From the point of diversion of the Bypass and Glendale 

Canals, the river is dry from about August through late 

October. Ground-water discharge feeds the lower part of the 

river beginning about 1 mi (2 km) north of Baseline Road, 

and the river gains from seeps and tributary spring flow all 

the way to Stanton Crossing.

Because flow in the Big Wood River at Stanton Crossing 

is greatly affected by upstream runoff and diversions, it is 

extremely difficult to analyze the ground-water component of 

flow based only on the two hydrographs. The flow at Stanton 

Crossing is derived solely from ground-water discharge for



only about 2% months. For the remainder of the year, a 

significant portion of the flow originates from upstream 

runoff. Available data preclude determination of the ground- 

water component based on data from the two stations because 

of lack of information on losses from the river between 

Hailey and Stanton Crossing and because the high flows which 

occur in late spring completely mask the ground-water dis 

charge.

Silver Creek, being fed almost entirely by ground-water 

discharge, has a very different hydrograph. Figure 10 shows 

daily discharges for the 1975 water year. Although a peak 

runoff occurs when the snowpack on the valley floor melts 

(the 1975 melt occurred in April), the sustained high flows 

observed in the Big Wood River in May, June, and July are 

absent. Diversions are made from Silver Creek but in much 

smaller quantities. Therefore, separation of the ground- 

water discharge component of flow is possible.





Separation of Flow in Silver Creek

The flow in Silver Creek which passes the gaging 

station at Sportsman Access is derived from two basic 

sources: overland runoff and ground-water discharge. 

Conversely, Silver Creek loses water by three different 

methods: diversion, evapotranspiration, and seepage. 

Several of these factors are interrelated to complicate the 

system. For example, overland runoff contributes water to 

the aquifer and consequently causes water-level rises which 

result in increased ground-water discharge. Evapotrans 

piration from areas underlain by shallow ground water re 

moves water from the aquifer and therefore reduces ground- 

water discharge to the creek. Increased diversions may 

result in higher rates of irrigation return to the aquifer, 

thereby causing water levels to rise and increase ground- 

water discharge. Thus, the various items cannot be sep 

arated completely from each other. However, substantial 

separation of the components of flow is possible.

The effects of overland runoff are quite apparent on 

the hydrograph of flow in Silver Creek (fig. 10). Overland 

runoff results from intense rainfall and snowmelt. 

Excess irrigation water applied to crops also may enter the 

stream system as overland flow from fields. However, this 

item is difficult to measure and is probably small.



Not all rainfall or snowmelt becomes overland runoff to 

the stream. Because of the high soil permeability, much of 

the rainfall or snowmelt north of Baseline Road percolates 

to the aquifer. Some water evaporates from the soil or is 

transpired by plants. Only on rare occasions does runoff 

from this area reach the creek. South of Baseline Road, 

soils are generally less permeable because of the higher 

percentage of fine-grained material and organic matter. In 

this area, much of the rainfall and snowmelt does enter the 

stream system. The amount of runoff is dependent on a 

number of factors, including intensity of rainfall, rate of 

snowmelt, antecedent soil moisture content, rate of evapora 

tion, amount of vegetation, and soil permeability.

Data collected by ARS (written commun., 1975) on rain 

fall and snowmelt at several locations were averaged and 

plotted on figure 10 to illustrate the amount of water 

available for overland runoff. Data are available for 

November. 12, 1974, through November 17, 1975,

Although ARS did not begin data collection until mid- 

November, the peak flows in Silver Creek recorded in October 

1974 are undoubtedly related to rainfall events. The first 

significant rainfall event recorded (December 4 and 5, 1974) 

caused a small but noticeable rise in discharge in the 

creek. During the winter months, ARS data indicate that 

snowmelt apparently resulted in a relatively stable amount



of overland flow which sustained streamflow during January 

and February. As temperatures increased in March, daily 

rates of snowmelt increased, causing a slight rise in flow. 

When rapid snowmelt occurred in late April, the effects on 

streamflow are readily apparent. Rainfall in early May 

sustained the above-average flows until mid-May. Summer 

rainfall recorded in June, July, and August apparently 

caused small increases in streamflow.

The effects of diversions are illustrated in figure 10. 

Diversions upstream from the gage at Sportsman Access were 

added to the gaged flow to illustrate the total ground-water 

discharge.

Measurement of evapotranspiration rates was beyond the 

scope of this study. However, one may assume that the rate 

is relatively high during late spring, remains high and fairly 

constant during the summer, and is minimal during the winter. 

The almost constant flow rate in January and February probably 

is partly because of minimal evapotranspiration during that 

period. Evaporation from the tributary creeks and swampy 

areas in spring and summer probably reduces the flow in 

Silver Creek so the recorded flow at Sportsman Access is 

probably less than total discharge from the contributing 

springs.

By adjusting the flow in Silver Cre^k to remove the 

effects of overland runoff, diversions, seepage, and evapo-



transpiration, the resulting hydrograph should represent 

ground-water discharge. Most of these items were not quan 

tified as part of this study; therefore, only a graphical 

separation is possible with available information. An 

approximate hydrograph of the ground-water component of flow 

is shown in figure 10, based on visual adjustment of the 

recorded flow to account for the various inflow and outflow 

items. Also plotted in figure 10 are water-level fluc 

tuations in well !S-19E-3ccb2 (located near the headwaters 

of the major tributary to Silver Creek).

The illustrated relation, based on 1 year of record, 

suggests that a reasonable approximation of base flow in 

Silver Creek could be obtained from ground-water-level 

measurements (assuming adjustments were made for the other 

factors which affect the flow). However, records from one 

well would be insufficient to accurately compute flow because 

of the variations in water-level fluctuations and timing of 

peaks in various parts of the aquifer.

Discharge in Silver Creek at Sportsman Access, adjusted 

for upstream diversions, was plotted against depth to water 

in well !S-19E-3ccb2 in figure 11 for periods unaffected by 

overland runoff. The resulting curve illustrates the re- 

. lation between flow in Silver Creek and depth to water (or 

stage) in the unconfined aquifer. Because of the numerous 

factors discussed previously, a precise relation cannot be
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defined from a single well, but the data clearly indicate 

the relation between flow and depth to water.

The curve illustrating the approximate ground-water 

component of flow in Silver Creek (fig. 10) is similar to 

the hydrograph that a hydrologic model of the ground-water 

system could generate if properly calibrated. Simulation of 

diversions and evapotranspiration could be easily incor 

porated in the mathematical hydrologic model to generate a 

more accurate hydrograph; simulation of the overland-runoff 

component of flow would be much more difficult. However, 

this study was limited primarily to a general evaluation 

of the relation between the ground-water system and flow in 

Silver Creek.



Areal Distribution of Ground-Water Discharge

In May, June, and October 1975, a series of discharge 

measurements were made throughout the system of tributaries 

which feed Silver Creek. In October 1975, measurements were 

also obtained at several sites on tributaries to the Big 

Wood River. Data obtained during these runs are tabulated 

in table 3, and locations of measuring sites are shown in 

figure 7.

These data define the areal distribution of ground- 

water discharge in springs and seeps. To illustrate the 

findings, a graphical flow pattern of tributaries to the Big 

Wood River and Silver Creek was constructed (fig. 12). The 

width of the flow pattern indicates the total measured flow 

at each site in October. Because this type of presentation 

does not clearly illustrate small variations, the computed 

gains or losses between measuring sites are shown on the 

map. The differences between the three series of measure 

ments on the Silver Creek tributaries were too small to 

diagram meaningfully by this method, but gains and losses 

for the June and July runs also are listed for comparison.

Figure 12 shows that much of the ground-water discharge 

to the Big Wood River occurs north of Highway 68. Springs 

in T. IS., R. 18 E., sees. 10, 11, and 13 contribute about 

30 ft 3/s (0.8 m3 /s) of the 70 ft 3/s (2 m 3 /s) of flow in the 

river at the Bellevue gaging station (Stanton Crossing) in

73



October 1975. These springs and others farther north are 

fed by the shallow water-table aquifer. A second major area 

of ground-water discharge to the river occurs in T. IS., R. 

18 E., sees. 21 and 22. In October, discharge in this area 

was about 15 ft3/s (0.4 m3/s). Data from IWRRI indicate 

substantially higher discharges here in July and August. 

Springs in this area probably are. discharge points for the 

deep, confined aquifer.

Virtually all the ground-water discharge feeding Silver- 

Creek rises north of Highway 68. With the exception of one 

spring in T. IS., R. 19 E., sec. 25, which discharges less 

than 10 ft 3/s (0.3 m 3/s), and a short reach of Silver Creek 

between measuring sites 24 and 26 which gains a small amount, 

no significant ground-water discharges were observed in the 

area underlain by the confining be"ds south of Highway 68. 

These two discharge points may represent places of upward 

movement .of water from the deep, confined aquifer where 

basalt is near the surface. Apparently, upward movement of 

water through the confining beds is limited elsewhere in the 

area.

Nearly half the flow in Silver Creek rise-is in springs 

which feed Grove Creek near the boundary of the confining 

beds. Much of the remaining flow in Silver Creek enters 

through Loving Creek, which also is fed by springs located 

near the boundary of the confining beds. These springs

7V



represent ground-water discharge from the shallow,- uncon- 

fined aquifer and upwelling from the deep aquifer.

Several springs discharge north of Highway 68 but are 1 

mi (1.6 km) or more south of the upstream edge of the con 

fining member. These springs drain the shallow aquifer, but 

some upward movement of artesian water through the confining 

bed may contribute to the flow.

7S



Gains and Losses in Silver Creek

The data collected during the May, June, and October 

ground-water discharge studies also included a series of 

measurements along Silver Creek. This information defines 

reach gains and losses along the main stem of the creek from 

the headwaters to the old gaging station near Picabo. 

Plotted in downstream order, together with measured inflows 

and diversions, these data define the ground water-surface 

water interactions along Silver Creek and also illustrate 

temporal changes in flow and reach gains and losses (fig. 

13) .

In analyzing the information contained in figure 13, accuracy 

of discharge measurements should be kept in mind. Under 

good measuring conditions, discharge measurements are ac 

curate to within about 5 percent. Where the stream bottom 

is moss or mud covered, as is the case at many of the meas 

uring sites, accuracy may be less than 7 percent. Thus, for 

a measured discharge of 200 ft 3/s (5.7 m3 /s), an error of 

+ 10 to 14 ft 3/s (0.3 to 0.4 m 3/s) is possible. Errors in 

gains or losses computed between adjacent measuring sites 

could actually be twice these amounts. At several sites, a 

gain or loss noted in one reach was offset by a loss or gain 

in the next reach. This suggests that the midpoint meas 

urement was in error by the amount of gain or loss, and the 

stream did not actually gain or lose water through the 

section.
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Silver Creek is underlain by the confining beds from . 

its headwaters to about measuring site 51. In this reach, 

the creek increases in flow to about 200 ft 3/s (5.7 m3/s), 

primarily from inflow from tributaries. Between stations 49 

and 51 where Silver Creek leaves the area underlain by the 

confining member, significant gains were observed in May and 

June. In October, however, the creek apparently lost some 

water in this reach.

From station 51 to about station 57, Silver Creek is 

underlain by a shallow, unconfined water table. Losses from 

the creek were observed during all three series of measure 

ments between sites 51 and 52. Evidently, the creek re 

charges the aquifer through this reach. In general, gains 

were noted from about station 52 to station 55, indicating 

that ground water feeds the creek along this northeast- 

flowing reach. Between stations 55 and 57, the stream lost 

water in May and June. In October, however, gains were 

noted as far east as station 57. This phenomenon suggests 

that the water table rises above the creek level in this 

area as a result of irrigation-return flows in late summer 

and early fall.

Downstream from station 57, water .levels in the basalt 

aquifer drop steeply toward the Snake River Plain. From 

this point on, the creek is perched above tho main £»quifer. 

A shallow water body contained in the fine-grained deposits



apparently interacts with the .creek in this area. Water is 

gained or lost from the creek at various places in rela 

tively small amounts, depending upon the water levels in the 

perched water body. In May, for example, the creek steadily 

loses water from station 58 to the site of the eld gaging 

station (site 63). In June and October, the creek appar 

ently gains water in this lower reach. However, the small 

gains and losses are less than measurement error, and numer 

ous diversions and return flows partly mask the computed 

gains or losses.



SUMMARY AND CONCLUSIONS

Water enters the fluvioglacial valley fill in the 

Silver Creek area from seepage from the Big Wood River, 

irrigation return, leakage from canals, and precipitation. 

The recharge joins underflow from the Big Wood River canyon 

and moves generally southward through the valley. The 

various inflow sources cause significant seasonal fluctua 

tions in ground-water levels.

The lithology of the valley fill partly controls the 

movement of ground water through the system. Extensive 

layers of fine-grained deposits in the southern part of the 

valley confine underlying coarse material and separate the 

aquifer into several essentially isolated zones. Numerous 

flowing wells tap the confined aquifers in the southern part 

of the valley, while wells tapping the shallow aquifer do 

not flow. Springs occur throughout the southern part of the 

valley where ground water overriding the fine-grained de 

posits is forced to the surface. Ground water in the con 

fined system flows southwestward to discharge to the Big 

Wood River and southeastward to enter the basalt aquifer 

underlying the southeast outflow gap. Apparently, only 

small amounts of confined ground water on the east side of 

the valley move upward through the confining beds to dis 

charge into Silver Creek.



Streamflow measurements made throughout the area of 

ground-water discharge show that most of the flow in Silver 

Creek is derived from springs issuing from the shallow, 

unconfined aquifer near the upstream edge of the confining 

beds. Over half the ground-water discharge which feeds the 

Big Wood River also rises from the shallow aquifer. How 

ever, a substantial part of the ground-water component of 

flow in the Big Wood River apparently is discharged from the 

downstream part of the confined aquifer near Stanton Cross 

ing.

Seasonal fluctuations in the ground-water component of 

flow in Silver Creek are directly related to water-level 

fluctuations in the aquifer near the springs.

The complex interaction of ground and surface water is 

clearly demonstrated in seasonal variations of gains and 

losses along Silver Creek. In some downstream reaches near 

Picabo, the creek gains flow during periods of high ground- 

water levels and loses flow during periods of lower ground- 

water levels.
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