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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for a specific contamination problem; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional and
national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from place
to place and over time. The information can be used to
help determine the efficacy of existing water-quality
policies and to help analysts determine the need for and
likely consequences of new policies.

To address these needs, the Congress appropriated
funds in 1986 for the USGS to begin a pilot program in
seven project areas to develop and refine the National
Water-Quality Assessment (NAWQA) Program. In
1991, the USGS began full implementation of the pro-
gram. The NAWQA Program builds upon an existing
base of water-quality studies of the USGS, as well as
those of other Federal, State, and local agencies. The
objectives of the NAWQA Program are to:

*Describe current water-quality conditions for a
large part of the Nation’s freshwater streams,
rivers, and aquifers.

*Describe how water quality is changing over time.

Improve understanding of the primary natural and
human factors that affect water-quality conditions.

This information will help support the develop-
ment and evaluation of management, regulatory, and
monitoring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 60 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the Nation
and cover a diversity of hydrogeologic settings. More
than two-thirds of the Nation’s freshwater use occurs
within the 60 study units and more than two-thirds of
the people served by public water-supply systems live
within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in periodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the pub-
lic. The assistance and suggestions of all are greatly
appreciated.

Robert M. Hirsch
Chief Hydrologist

Foreword/lil/

74



CONTENTS

FOTEWORA ..ottt ettt e st et e e st e st e s e e s e e e sa s st s s a e s g bbb s ab et e st abanosteansesansreeenseseresessanseasennnssnsanss iii
ADSITACE ...ttt b e e e e e st e sR e sb e ssas s es st nese s e R s e e e e e S seRS SER e SEe se b e et sesabereesreaerene sasassrasanesessbarenren 1
INtroduction...... ..ot ereustaratesanerar sasasbeessasas et ataR R s es s R s sas s b A e e e TR e s A nr v 2
PUIPOSE ANA SCOPEL ..ottt crercte st st s satesaess et sesesasasesesanesebesobbasssasasassesaranasestaesastesenesnsesansssesnnns 2
ACKNOWIEAZIMENLS......oveiiiiiitiiiiiiictir ettt st sae st st s st e seae e s eesm s b se B b e b baese e st e seease s e sobacasatessmenas et aeseaanansass 2
ENVIFONMENAL SENE ....coveiniiiiiiiiiiiiiitir ettt nttesisaesseessseesntssracsaeasaassssasasens sostsessnesasarssessesansserstosesssasasseessertasssraarerses 2
Location and PhySIOZTAPIY .......vevreriieittrttr ettt e st st et e saseacoraeessrassansssesaresasenesssassrsreseneseratesssssssensnsnran 2
POPUIALION ...ttt tr et e s st ecsnce s bene s ane s mse e s st e s s aassbeassabesassenesesnnbensssrensssseersneassaes 4
GEOIOZY ...ttt et st et bttt st s s R me et ss s e e bn e st s ee s se e e s eessaeb e aesteaannas 5
CHMALE ...ttt ettt ettt st e st st st et e e e s e e s b e s s et et et ese et g e et aese e eds s b et e santeenastanrssgaenenateenteanenstases sesneneraes 8
Surface-water RYATOIOZY ......ccoiiiiiiiiiiit ettt ettt sese bbb se e st sttt esesee e e b e st sttt e st s esans 12
Ground-Water RYATOIOZY «.....cocvevureveiiriricereeciireeenteseeseeseeeseessetessessesssassaasesssesansssersessarasssessassnanssenssasesasesseasessnsssasasaens 16
S0ILS ettt et st et s nt e a s soaase s e e sa e s aae s st r R e e aesetenee sh s e e a e n e nesesassnesrnensesraaraaa 18
ECOTEZIOMS ......eouirinietieniinterit et een sttt st et st s e e a s m e s et s bt et eente b e sa s e ob e asar et ab e st e et e et e b e ebebbeaaeententaneenasassnss 20
Land use and 1and OWNETSHID «........cooiiiiiee ettt eertesanesar e e e b e s b e e senessnessssasasestssoassasesnnersarasarsesanane 22
WWALET TSE ...ceeeereeieceetcceet ettt st s s e as s s s s b et emtemmes st semaasatas st s srra s s resen e s e e s r e saesesasebesebe e m R e R aaen e s esra s e seban 26
OFFSITEAIM WALET USE «...eoneeieriereenieeenrntee e e e cee e e et ess et eebes e e saeessesssossnsssesssasssessseostessmoresssssssasserentassesnsassseonsaatesssesranses 27
Irrigated QRICUIIUIE «.........ocooiiitiitit ettt e s b bsas e s s e n e s e s e satesr e bt snsssonerenarones 27
INAUSITIAL .ottt ettt e st s aat st s et sast et sonea e s s s e abebesasababessssaseaeastennessestbesosnensnnsnnseeneessneanns 28
MUDICIPAL ..ottt ettt ettt sttt s s et e s s e s e ma s e s as e et ebese e sesabe subearasasecasnesevasaseensansarasennsanes 28
INSITEAIN WALET USE ....cneiiiiniiiiiiieieie ettt caae s e s eas et b s rses s b saes soae s e batssabesnaesebesessasasesnsnsrbess semesssanesasesassarasaseas 28
AGUACUITUTE ..ottt ettt eus s sat e st e ee e et e st e et semsme e e se e et e e st e ens et e s asbesssesnteenteansasnstnsannsensesans 28
HydroelectriC POWET SENETAHION. .......cciieriecreereiiietrtteceeteerteeree st eesecssteenteseesesaestsetsasesssansssssecereaesresesesssansmsntenssanes 29
S0UICES Of POIIUIION ...ttt sttt e e et e st e e s e sa s e es et cesee e seaesubasse et aansseseneeesanatensmesatesrrasranee 29
POINE SOUICES ....cneiiiietiaie i tie et ettt e eesate st e e e e ee st e e sasesetesetesan e tesaeassaessaasseseneaenatantassressanseasssanseannsenssasanaestssasontansseresres 29
INODPOINE SOUICES. ... .ocriieniitieiieieeitetitr ettt etesre st esecsstemesseesessesaseerasse et e s s eesaeensensasesssessasteaasaneasesestsnsasnsentnnse satsmnasennas 30
SUITIINAIY .eeieveiiiieieniiererertie e reteseae e sttt e sbe e ste s massasasansseassesssessesaneassasesseassastssstnmnsneeseesssresasessseesnsstonssensasesnsessssasnserses 32
REfEIENCES CILEA ...ttt ettt e s sab e s bes b sa sebe e s e e netbenane s ebesabesanennessnenesonses 34
ILLUSTRATIONS
1-4. Maps showing:
1. Upper Snake River Basin STUAY QIea...........cceeveciieriiiieiiiicreeesreeeeeeeeeesenae e ressresessssssssseesessasesssssessssssessrenssres 3
2. Surficial geology in the upper Snake River Basin.......co.coociiiiiiiiniiiiiiieninicteee ettt . 6
3. Thickness of Quaternary basalt in the eastern Snake River Plain.........c.ccocoviiivieiiiiiieniieecieececeeeeeeee, 7
4. Mean annual precipitation in the upper Snake River Basim .............occooiiiiiiiioniinireeeeccneee e 9
5. Map and graphs showing mean monthly precipitation at selected sites in the upper Snake River Basin,
LOOBT =900 ...ttt ettt st s et e me st e ent b st s et SRt b s e s s ea e see b e e e e s nesat e e s se b e etensenes 10
6. Map showing mean annual runoff, 1951--80, and evaporation, 1956—70, in the upper Snake River Basin............ 11
7. Boxplots showing atmospheric nitrate and ammonia concentrations in precipitation and dry deposition totals
at selected sites in the upper Snake River Basin, 198190 ..........ccccooveiiniiniiiii et e 13
8. Map showing locations of major canals in the eastern Snake River Plain .........cc.cocccoiiiniinreccinncnccne e 15
9. Graph showing mean monthly streamflow at selected gaging stations in the upper Snake River Basin,
water years 198089, .. ... o ettt eh ettt e st n e e et p et b e be e e m e e ent e nte e e aan e seenreneas 16
10-15. Maps showing:
10. Configuration of the water table and areas of shallow aquifers in the eastern Snake River Plain, 1980.......... 17
11. Depth to water in parts of the eastern Snake River Plain and surrounding tributary valleys, 1980-88 ........... 19
12. Distribution of generalized soil types and infiltration-rate potential in the eastern Snake River Plain............. 21
13. Locations of major ecoregions in the upper Snake River Basin ..o 23
14. Distribution of major land-use classifications in the upper Snake River Basin................cocoiiviiiieiniiencccnnnne 24
15. Potential natural vegetative land cover in the upper Snake River Basin................ccccoiiionininncnecicncne. 25

Contents /

%



16. Graphs showing relations between major water-use categories and ground-water and surface-water

withdrawals in the upper Snake River Basin, 1980, 1985, and 1990 ...........ccoo et va e 27
17. Map showing locations of major industrial, wastewater treatment, and aquaculture facilities in
the upper SNake RIVET BaSIN . ....c.ooiiiiiiiirrreretisreere e e e trrernee e s srnesrsrarsnessesssesasssassre s s e sassnesnssassnessessnsssssesrnssnenseas 31
TABLES ’

1. County and major urban area population totals in the upper Snake River Basin, 1980 and 1990 ........................... 4
2. Chronology of major floods and droughts in the upper Snake River Basin .......... Aottt san s e s e e e 12
3. Names and descriptions of major reservoirs in the upper Snake River Basin.........ccccocovvecinreninnenscsereeee e 14
4. Characteristics of ecoregions in the upper Snake RIVEr Basin ......ccccceeeioieeimeniencieecieteeeereenereeee e e seess e 20
5. Relation between total estimated withdrawals in Idaho and estimated withdrawals in the upper Snake

River Basin, 1980, 1985, and 1990 ........ .o et ceretrensenresessse e esesasasee s se s e snessessessnsararansases srnessesasasnes 26
6. Source and distribution of municipal withdrawals in the upper Snake River Basin, 1980, 1985, and 1990............ 28
7. Estimated mean annual discharges from major industrial, wastewater treatment, and

aquaculture facilities in the upper Snake River Basin, 1985—90..........cccoirrrrernrcicieerne et s e 30

CONVERSION FACTORS AND VERTICAL DATUM

Multipiy By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.0283 cubic meter per second
foot (ft) 0.3048 meter
foot per mile (ft/mi) 0.3048 meter per mile
foot squared per second' (ft¥/s) 0.09290 meter squared per second
gallon (gal) 0.003785 cubic meter
inch (in.) 254 millimeter
inch per year (in/yr) 25.4 millimeter per year
megawatthour (MWh) 3,600,000,000 joule
mile (mi) 1.609 kilometer
million gallons per day (Mgal/d) 0.04381 cubic meter per second
pound, avoirdupois (Ib) 0.4536 kilogram
square mile (mi”) 2.590 square kilometer

Temperature in °F (degrees Fahrenheit) can be converted to "C (degrees Celsius) as follows:

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodetic datum derived from a general

"C = 5/9(’F-32)

adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of 1929.

! The standard unit for transmissivity is cubic foot per second per square foot times foot of aquifer thickness, This mathematical expression reduces 1o foot squared per

second, which is used in this report.

)d/ Contents
v



Water-Quality Assessment of the Upper Snake River
Basin, Idaho and Western Wyoming—Environmental

Setting, 1980-92

By Molly A. Maupin

ABSTRACT

The 35,800-square-mile upper Snake River
Basin 1s one of 20 areas studied as part of the
National Water-Quality Assessment (NAWQA)
Program of the U.S. Geological Survey. Objec-
tives of NAWQA are to study ground- and
surface-water quality, biology, and their relations
to land-use activities. Major land and water uses
that affect water quality in the basin are irrigated
agriculture, grazing, aquaculture, food processing,
and wastewater treatment. Data sumnmarized in
this report are used in companion reports to help
define the relations among land use, water use,
water quality, and biological conditions.

The upper Snake River Basin is located in
southeastern Idaho and northwestern Wyoming
and includes small parts of Nevada and Utah. Total
population in the basin was about 425,000 in 1990.
Major urban areas are Idaho Falls, Pocatello,
Rexburg, and Twin Falls, Idaho, which make up
10, 11, 3, and 6 percent of the total population,
respectively. Climate in the basin is mostly
semiarid and mean annual precipitation ranges
from 8 to more than 60 inches. The eastern Snake
River Plain is the major geologic feature in the
basin and is delineated mostly by Quaternary and
Tertiary basalt flows. It 1s about 55 to 62 miles
wide and 320 miles long and bisects the basin in a
northeast-southwest direction.

The Snake River is the dominant surface-water
feature and flows about 453 miles from the
southern border of Yellowstone National Park in
Wyoming to King Hill, Idaho, where it leaves the
basin. The Snake River flows through five reser-
voirs that provide a total storage capacity of more
than 4 million acre-feet. Gravity-flow diversions

are predominant in the upper part of the basin and
totaled 8.8 million acre-feet in 1980. Pumped
diversions occur mainly in the lower part of the
basin and totaled 408,500 acre-feet in 1980.

The Snake River Plain aquifer is the predom-
inant ground-water feature in the upper Snake
River Basin and underlies the eastern Snake River
Plain. The upper 500 feet of the aquifer may store
200 to 300 million acre-feet of water. Ground-
water resources that supply agricultural lands are
sustained by recharge from surface-water irri-
gation, precipitation, and tributary inflow. Major
ground-water discharges are at springs and seeps
or from ground-water pumpage for irrigation.

Water use in the basin is dominated by irri-
gated agriculture, which is the largest consumptive
water use in the basin. Major crops in the basin
include potatoes, wheat, sugar beets, hay, and
barley. Most irrigation needs are supplied from
surface-water sources through a series of canals
and laterals. In 1990, about 2.5 million acres were
irrigated with more than 14.2 million acre-feet of
surface and ground water. About 21 percent of the
basin is agricultural land and 50 percent is
rangeland.

Idaho leads the Nation in trout production
for commercial sale. Combined mean annual
discharges from 12 aquacultural facilities in the
basin (1985-90) were about 787,000 acre-feet.
These facilities are clustered in a reach of the
Snake River between Milner Dam and King Hill
where ground-water discharge is from many seeps
and springs that provide sufficient quantities of
good-quality water. Other facilities that release
effluent to the Snake River include 13 municipal
wastewater treatment plants and 3 industrial facil-
1t1es.

Abstract 1



INTRODUCTION

The National Water-Quality Assessment
(NAWQA) Program of the U.S. Geological Survey
became fully implemented in 1991 and is designed as a
long-term effort to describe status and trends in the
quality of surface and ground water for large regions of
the Nation. Goals of the program are to describe water-
quality conditions in a consistent manner, define long-
term trends or the lack thereof in water quality, and
study major issues that affect water-quality trends and
conditions (Hirsch and others, 1988). Water-quality
information provided by the program will assist water-
resource policymakers and managers at national, State,
and local levels. Sixty study units were selected
nationwide that incorporate 60 to 70 percent of the
total water use, as measured by total withdrawals and
population served by public water supplies (Hirsch and
others, 1988).

In 1991, the upper Snake River Basin was among
the first 20 units selected for study. The basin includes
eastern Idaho, northwestern Wyoming, and small
parts of northern Utah and Nevada (fig. 1). As part
of the NAWQA Program, existing and new data
will be intensively collected and analyzed in the first
20 selected study units from 1993 through 1995. After
this period of intensive study, low-intensity monitoring
will continue for 5 years.

Major ground- and surface-water-quality issues in
the upper Snake River Basin are sediment, nutrients,
and organic compounds. Biological concemns are
focused on habitat and species occurrences in stream
channels and riparian zones. Major land and water uses
that affect water quality are irrigated agriculture,
grazing, aquaculture, food processing, and municipal
and industrial wastewater treatment.

Purpose and Scope

This report describes physical and environmental
characteristics in the upper Snake River Basin that may
affect current and future water-quality conditions and
provides information to define areas for possible future
water-quality monitoring. Data summarized in this
report are used in companion reports to help define the
relations among land use, water use, water quality, and
biological conditions. Most data have been compiled
into a geographic information system (GIS), which
allows spatial and tabular data to be combined and

analyzed. Data were obtained from Federal, State, and
local agencies and examined for content, pertinence,
and reliability. Descriptions of the upper Snake River
Basin are based on information from 1980 to about
1992 and include geology, land use, surface- and

- ground-water characternstics, water use, and sources of

pollution in the basin.
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ENVIRONMENTAL SETTING

Location and Physiography

The upper Snake River Basin is the largest in Idaho
and covers 35,800 mi’ from western Wyoming to
south-central Idaho (fig. 1). Elevations range from
about 13,770 ft above sea level in the Teton Mountains,
Wyoming, to 2,500 ft above sea level at King Hill,
Idaho. Eighty percent of the study area is in Idaho and
14 percent is in Wyoming; Nevada and Utah constitute
the remaining 6 percent. The study area consists of
24 subbasins that create subregion 1704 on the U.S.
Geological Survey (USGS) Hydrologic Unit Maps of
Idaho, Nevada, Utah, and Wyoming (1975a, 1975b,
1975¢, 1976). The largest tributaries in the northeastern
part of the basin are the Henrys Fork and Teton River.

2 Water-Quality Assessment of the Upper Snake River Basin—Environmental Setting, 1980-92






The Blackfoot and Portneuf Rivers flow into the Snake
River in the southeastern section of the basin, and Rock
Creek and Salmon Falls Creek are the two largest tribu-
taries in the southwest. The Little Wood and Big Wood
Rivers flow from the north to meet the Snake River just
before it leaves the basin at King Hill. The Big Lost
and Little Lost Rivers and Birch and Camas Creeks
also flow from the north but are absorbed into porous
basalts and recharge the eastern Snake River Plain
aquifer system. Discharge from the aquifer system is
mostly from springs and seeps along the Snake River
between Milner Dam (Milner Lake) and King Hill. The
basin includes all of the eastern Snake River Plain,
which is about 55 to 62 mi wide and 320 mi long. It
also includes parts of four northwestern ecoregions: the
Snake River Basin/High Desert, the Northern and
Middle Rocky Mountains, and the Basin and Range
(Omernik and Gallant, 1986). The basin includes all of

Bannock, Bingham, Blaine, Bonneville, Butte, Cassia,
Clark, Fremont, Gooding, Jefferson, Jerome, Lincoln,
Madison, Minidoka, Power, Teton, Twin Falls, and
parts of Camas, Caribou, Custer, Elmore, Lembhi,
Oneida, and Owyhee Counties in Idaho. Parts of

" Lincoln, Sublette, and Teton Counties in Wyoming,
parts of Box Elder County in Utah, and parts of Elko
County in Nevada also are included in the basin.

Population

Population of the upper Snake River Basin in 1990
was about 425,000, about 20,000 more than in 1980.
Major urban areas in the basin are Idaho Falls,
Pocatello, Rexburg, and Twin Falls, Idaho, which
make up 10, 11, 3, and 6 percent of the total popula-
tion, respectively (table 1). Jackson, Wyoming, does
not have a large resident population but is an area

Table 1. County and major urban area population totals in the upper Snake River Basin, 1980 and 1990

[Counties and cities are in Idaho, unless otherwise specified; population data from Idaho Department of Commerce (1992) and Wyoming Department of

Administration and Information (1992); —, no data available]

Population Percent urban Population
County 1980 1990 1980 1990 City 1980 1990

Bannock................. 65,421 66,026 81.6 83.6 Pocatello............ 46,340 46,062
Bingham ................ 36,489 37,583 36.6 38.6

Blaine ......cccoeenveen.. 9,841 13,552 0 45.8

Bonneville ............. 65,980 72,207 67.1 78.0 Idaho Falls......... 39,739 43,929
Butte ....cceoveree. 3,342 2,918 0 0

Camas'......ccovurnnnee 818 727 0 0

Caribou'................. 8,695 6,963 46.6 44.7

Cassia ....coovvveeennne 19,427 19,531 439 43.1

Clark.....cooovrveemennnn. 798 762 0 0

Custer' ......cocoovernnn. 3,385 4,133 0 0

Fremont ......... 10,813 10,937 297 275

Gooding.......c.cc...... 11,874 11,633 24.8 24.2

Jefferson ................ 15,304 16,543 17.1 16.2

Jerome .......ceeennens 14,840 15,138 46.4 43.1

Lemhi'......cooenei. 7,460 6,899 443 42.6

Lincolp ..., 3,436 3,308 0 0

Lincoln, Wyo.'....... 12,177 12,625 — —

Madison................. 19,480 23,674 59.3 60.4 Rexburg........... 11,559 14,302
Minidoka ............... 19,718 19,361 43.6 43.6

Power.....cooovveeenn.. 6,844 7,086 53.0 53.8

Sublette, Wyo.'...... 4,648 4,843 — —

Teton....cceeeenneeenns 2,897 3,439 0 0

Teton, Wyo.".......... 9.355 11,172 — — Jackson, Wyo. ... 4,511 4,472
Twin Falls.............. 52,927 53,580 56.4 58.1 Twin Falls.......... 26,209 27,591

Total 405,969 424,641

]County not 1o1ally within study area.
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where a significant influx occurs each summer because
of tourism and recreational opportunities. In 1990,
about 2.8 million people visited the Grand Teton and
Yellowstone National Parks (Walton Low, U.S.
Geological Survey, written commun., 1992).
Population totals for Wyoming counties accounted

for about 7 percent of the total basin population.
Poputations for Nevada and Utah parts of the basin
were negligible.

Between 1980 and 1990, Blaine County had the
largest population increase of 38 percent. Blaine
County also had the highest percentage of urbanization.
In 1980, the county was 100 percent rural and, in 1990,
was almost 46 percent urban (Idaho Department of
Commerce, 1992). The Sun Valley resort is located in
Blaine County north of the town of Hailey. Most devel-
opment has occurred in and around Sun Valley and its
neighboring community, Ketchum.

Butte County experienced the largest population
decline of 13 percent between 1980 and 1990. This
county was 100 percent rural in 1980 and 1990 census
reports, but the net migration out of the county in-
creased between 1980 and 1990, and the total number
of farms decreased from 247 in 1982 to 224 in 1987
(Idaho Department of Commerce, 1992). Jerome
County reported the largest rural growth in the basin
with about 54 percent in 1980 and almost 57 percent
in 1990. The total number of farms in this county in-
creased from 867 to 909 between 1980 and 1990.

Most of the urban communities are clustered near
the Snake River or along its flood plain, and rural
communities are scattered in tributary valleys and
farther from the Snake River on the eastern Snake
River Plain. Blackfoot, Burley, Idaho Falls, Pocatello,
Rexburg, and Twin Falls have population densities of
more than 1,000 people/mi’ and represent some of the
larger urban cities in the basin (K. Hitt, U.S. Geological
Survey, wntten commun., 1992).

Population totals are projected to increase in Idaho
counties by more than 20 percent by 2000. Population
in the basin by 2000 is projected to be about 436,000.
By 2010, population is projected to increase by another
9 percent and equal about 480,000 (Idaho Power
Company, 1992). Blaine and Camas Counties are
projected to expenence the largest population increase
of about 2.2 and 2.4 percent, respectively, between
1990 and 2000.

Geology

The upper Snake River Basin is characterized
largely by young basalt flows in the lowlands of the
central and southern parts; older intrusive, volcanic,

- and sedimentary and metamorphic rocks dominate in

the uplands and mountains to the north, south, and east.
The eastern Snake River Plain bisects the upper Snake
River Basin in a northeast-southwest direction and is
delineated mostly by Quaternary and Tertiary basalt
flows. Northern and southern drainage basins tributary
to the plain include uplands underlain by Quaternary
and Tertiary sedimentary rocks. Uplands to the
northwest are dominated by Tertiary and Cretaceous
intrusive rocks, and uplands to the southwest are
underlain mostly by Tertiary basalt, silicic volcanics,
and volcanic rocks (fig. 2). Mountains in the south-
eastern part of the basin are composed of complexly
folded and faulted pre-Cretaceous undifferentiated
sedimentary and metamorphic rocks and Tertiary and
Cretaceous undifferentiated sedimentary rocks.
Quaternary alluvial, fluvial, lacustrine, and eolian
deposits are located along the southeastern and north-
eastern margins of the plain and in the lowlands of the
tributary valleys. Bare basalt is present mostly in the
central part of the eastern Snake River Plain. A report
by Whitehead (1986) gives a detailed description of the
geology of the upper Snake River Basin.

Basalt flows in the central part of the plain
measure several thousand feet thick and taper to less
than 100 ft thick along the margins of the plain (fig. 3).
Individual Quaternary basalt flows of the eastern Snake
River Plain average about 20 to 25 ft thick and 50 to
100 mi’ in area (Garabedian, 1992). The top 6 ft or so
is typically fine-grained, vesicular, highly fractured
basalt. Topographically, the basalt is highest in the
middle of the plain and forces the Snake River to flow
along the southern margin. The basalt high prevents
northern streams from reaching the Snake River.

The Snake River and other tributary streams
deposited fluvial sediments between basalt flows along
the margins of the plain. Occasionally, basalt flows
created temporary dams and fine-grained lacustrine
sediments were deposited behind them (Garabedian,
1992). Fluvial and lacustrine deposits near the margins
of the plain and along the Snake River are well suited
for agriculture and are important aquifers locally.
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inundated. The Teton River near the gaging station at
St. Anthony recorded flows of 1.06 million ft’/s.

Chemical analyses of precipitation were obtained
from the NADP (National Atmospheric Deposition
Program, 1989). The NADP analyzed wet (precip-
itation) and dry (deposition) samples for major anion
and cation constituents from the Craters of the Moon
National Monument and Yellowstone National Park
monitoring sites. Boxplots of annual and seasonal
precipitation-weighted concentrations and dry depo-
sition totals of nitrate and ammonia are illustrated in
figure 7. The Craters of the Moon National Monument
is the only site entirely within the upper Snake River
Basin (fig. 1).

Surface-Water Hydrolqu

The Snake River is the predominant hydrologic
feature in the upper Snake River Basin. It originates in
the high mountains of Wyoming near the southern
border of Yellowstone National Park and stretches
about 453 mi, leaving the basin at King Hill. The
average hydraulic gradient is 9.5 ft/mi, and the river is
usually within 100 ft of the surrounding land elevation
except in the Milner Dam to King Hill reach, where the
river is entrenched in a canyon as deep as 700 ft.
Successive basalt flows from nearby vents repeatedly
altered the course of the river in this reach. The river is

offset to the south almost 19 mi from historical channel
courses.

The main-stem Snake River flows through five
reservoirs between Flagg Ranch and King Hill; the
reservoirs provide a total storage capacity of more than
4 million acre-ft (Kjelstrom, 1992). In downstream
order, they are Jackson Lake, Palisades Reservoir,
American Falls Reservoir, Lake Walcott, and Milner
Lake (fig. 1; table 3). All were constructed primarily
for agricultural purposes and secondarily for flood
control and hydroelectric power development. Milner
Lake fills a 34.5-mi-long canyon upstream from Milner
Dam and its storage fluctuates due to large irrigation
diversions and return flows upstream (Kjelstrom, 1988,
p. 54). Eight other reservoirs, each having at least
50,000 acre-ft capacity, and several smaller reservoirs
have been built on Snake River tributaries.

The eastern Snake River Plain constitutes about
30 percent of the upper Snake River Basin. Surface
water in the basin is described using streamflow
records for the Snake River and its major tributaries
that flow onto and into the plain. Kjelstrom (1986) used
streamflow records from 1934 to 1980 to estimate that
mean annual inflow to the eastern Snake River Plain
was about 10.2 million acre-ft. Most of the inflow
was from the Snake River as measured at Heise, where
mean annual discharge was about 5.1 million acre-ft.
Just downstream from Heise, the Snake River is joined
by the Henrys Fork, which contributed a mean annual
discharge of about 1.5 million acre-ft. Farther down-

Table 2. Chronology of major floods and droughts in the upper Snake River Basin

[Modified from Kjeistrom (1991) and Druse (1991); >, greater than]

Event Date Location Recurrence interval (years); remarks

Flood ............ June 12-18, 1918 Northwest and west-central Wyoming 30 to >100; snowmelt and rainfail.

Flood ............ May 19, 1927 Upper Snake River Basin Unknown; washout of landslide in upstream tributary.

Drought 1929-42 Upper Snake River Basin >50 in Idaho; from [0 to >25 in Wyoming parts of basin,

Drought ........ 1948-62 Upper Snake River Basin 10 to >25.

Flood ............ Feb. 10-14, 1962 Southern and eastern Idaho 20 to >100.

Flood............ Feb. 1-3, 1963 Portneuf River Basin Unknown; ice jams aggravated flooding.

Flood............ Dec. 21-23, 1964 Statewide, Idaho 20 to >100; precipitation on frozen ground;
$15.5 million damages.

Flood........... June 6-19.1974 Statewide, ldaho 40 10 >100.

Flood... June S, 1976 Eastern ldaho Unknown; Teton Dam breached; $400 million damages;
25,000 people homeless.

Drought ........ 197682 Western Wyoming 10 to >25; less-than-average streamflow for 2—4 consecutive
years.

Flood............ June 9, 1981 Upper Snake River Basin 40 (o >100; rainfall combined with snowmelt.

Flood ............ May 15-June 21, 1984 Eastern and central ldaho 50 to >100; rapid snowmelt in mountains.

Drought ........ 1987-88 Upper Snake River Basin 10 to >25.
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Figure 7. Atmospheric nitrate and ammonia concentrations in precipitation and dry deposition totails at selected
sites in the upper Snake River Basin, 1981-90.
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Table 3. Names and descnriptions of major reservoirs in the
upper Snake River Basin

[Modified from Kjelstrom (1992)]

Reservoir name Storage capacity
(fig. 1) Year built (acre-feet)
Jackson Lake.....cooooveeevennnnnn. 1906 847,000
Palisades Reservoir................ 1956 1,400,000
American Falls Reservoir..... 1927 1,700,000
Lake Walcott........cccovevennnn. 1906 104,000
Milner Lake........coooccvveeeeenne 1905 Varies

'Dam replaced in 1978.

stream, the six largest tributarnies from the south are
Willow Creek; Blackfoot and Portneuf Rivers; and
Goose, Rock, and Salmon Falls Creeks. Mean annual
discharge from these tributaries was about 0.7 million
acre-ft. Northern tributaries that do not flow directly
into the Snake River include the Big and Little Lost
Rivers and Birch and Camas Creeks. About 1.1 million
acre-ft of water flowed annually from these tributanies
and either evaporated or percolated into the regional
aquifer. The Big and Little Wood Rivers contributed
about 0.2 million acre-ft to the Snake River just up-
stream from King Hill. Mean annual discharge of the
Snake River at King Hill was about 7.5 million acre-ft.

Gravity-flow and pumped diversions are predom-
inant in different parts of the upper Snake River Basin.
In 1980, total gravity-flow and pumped diversions
from the Snake River and its tributaries were almost
8.8 million acre-ft (Bigelow and others, 1987; Goodell,
1988). Gravity-flow diversions occur mainly in the
upper part of the basin (Henrys Fork, Falls, and Teton
Rivers) and along the Snake River between Heise and
Milner Dam. More than 98 percent of all gravity-flow
diversions are accounted for upstream from Milner
Dam (Goodell, 1988, p. E19). Pumped diversions
occur mainly in the Milner Dam to King Hill reach
where the Snake River is deeply entrenched. In this
reach, 90 percent of all withdrawals from the Snake
River are pumped.

In 1980, gravity-flow diversions from the Snake
River and tributaries between Heise and Milner Dam
were about 7.0 million acre-ft (Goodell, 1988).
Gravity-flow diversions near Heise were about 1.7
million acre-ft, and diversions at Milner and Minidoka
Dams to five canals were about 2.9 million acre-ft in
1980. Some canals and laterals deliver water to agri-
cultural lands more than 40 mi away from the Snake

River. The largest canals servicing agricultural lands
north of the Snake River are the Great Western,
Peoples, Aberdeen-Springfield, Main North Side,
Milner-Gooding, and Twin Falls North Side (fig. 8).
These canals alone transported roughly 2.0 million

- acre-ft of water in 1980 (Garabedian, 1992, appendix

A). The largest canals delivering water to agricultural
lands south of the river include the Idaho, Snake River
Valley, Reservation, Fort Hall North, Fort Hall Main,
Main South Side, and Twin Falls South Side. About
3.0 million acre-ft of water was diverted to the south in
1980. Total gravity-flow diversions in the upper part of
the basin (Henrys Fork, Falls, and Teton Rivers) were
1.1 million acre-ft in 1980.

High-lift pump diversions make up 90 percent
of withdrawals from the Snake River and tributaries
between Milner Dam and King Hill. Total pumped
withdrawals from the Snake River and tributanes in
this reach were 408,500 acre-ft in 1980. The largest
pumped withdrawals on the Snake River are at King
Hill, where 88 pumps lifted 256,800 acre-ft of water
in 1980 (Bigelow and others, 1987). Pumps between
Heise and Milner Dam diverted less than (.2 million
acre-ft in 1980.

Fluctuations in streamflow near Heise and at
Milner Dam are greatly affected by irrigation diver-
sions. Mean monthly streamflow (1980-89) near
Heise was greatest during Apnl through August to
supply large downstream diversions; from September
through March, streamflow was relatively constant
(Clark, 1994) (fig. 9). The Milner Dam gaging station
also reflects large streamflow fluctuations because of
upstream diversions during July through September
when irrigation is most intense. Downstream from
Milner Dam, irrigation diversions typically reduce
streamflow to less than 10 ft*/s during these months.
Ground-water discharge from springs restored more
than 6,500 ft3/s of streamflow to the Snake River
between Milner Dam and King Hill in 1980
(Kjelstrom, 1992, p. 41).

Agricultural and industnal return flows to the
Snake River replenish streamflow and provide
additional water that can be diverted downstream.
Sometimes return flows represent most of the water
in the Snake River during drought years. During times
of low flow, instream water quality may be greatly
affected by return flows containing suspended
sediments, nutrients, and pesticides. Garabedian (1992,
appendix A) compiled surface-water return-flow
estimates for the eastern Snake River Plain from
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surface- and ground-water withdrawals. Kjelstrom
(1986) estimated that sprinkler irrigation systems were
used on 20 percent of surface-water-irrigated lands and
90 percent of ground-water-irrigated lands. Sprinkler
irrigation systems apply water more efficiently than
gravity 1rrigation systems and are used in areas where
gravity irrigation is not feasible.

INDUSTRIAL

Industrial facilities in the basin use water for
food processing, washing, transporting, cooling, and
employee sanitation. Major industrial facilities in the
basin include food-processing, fertilizer, and concrete
plants. Food-processing plants are concentrated in the
Idaho Falls, Burley, and Twin Falls areas (Goodell,
1988, p. E37); fertilizer and concrete plants are located
in the Pocatello area.

Industrial water-use estimates were derived using
data collected from permit records maintained by the
USEPA Idaho office. Discharge information contained
on permit records was used in conjunction with
employee and facility information to derive withdrawal
estimates. Accuracy of self-supphed withdrawal
estimates for facilities in the upper Snake River Basin
is considered fair.

In the upper Snake River Basin, industrial with-
drawals were a small percentage of total withdrawals
for all water uses. Ground water was the main source
of water and mostly self-supplied, but some industrial
facilities reported municipal deliveries. Self-supplied
withdrawals accounted for about 1 percent of total
basin withdrawals between 1985 and 1990. Total
industrial withdrawals were about 178 Mgal/d in 1985
and 170 Mgal/d in 1990. Consumptive use for indus-

Table 6. Source and distribution of municipal withdrawals in
the upper Snake River Basin, 1980, 1985, and 1990

{Withdrawals and deliveries in millions of gallons per day; —, no data]
Year
Withdrawals 1980 1985 1990
Ground-water withdrawals ...........cccccoe... 61.6 853 63.3
Surface-water withdrawals.............cccco...... 2.8 26 12.1
Total basin withdrawals................covceveee 64.4 87.9 75.4
Domestic delivenes. .........cooveceievievieerennnn. — 63.5 51.3
Commercial delivenes ........cooccoovviicveneeeene —_ 33 4.1
Industrial deliveries................ — 2.6 3.7

Delivery system losses and public use...... 18.5 16.3

trial purposes was about 3 percent of total industrial
withdrawals in 1990.

MUNICIPAL

Municipal withdrawals are delivered to domestic,
commercial, and industrial users. Domestic use
includes drinking water, food preparation, washing,
and watering lawns and gardens at homes, schools, and
municipal parks (Goodell, 1988, p. E40). Commercial
use includes water for office buildings, motels, hotels,
restaurants, and other commercial facilities. Municipal
water suppliers serve at least 25 people or have at least
15 hookups (Solley and others, 1993). Total deliveries
were less than total withdrawals due to water losses
through distribution systems and water for fighting
fires, washing streets, and other public uses.

Municipal withdrawals were less than 1 percent
of total basin withdrawals between 1980 and 1990.
The source and distribution of municipal withdrawals
are shown in table 6. Ground water accounted for
84 percent or more of total municipal withdrawals
from 1980 to 1990. More than 60 percent of municipal
withdrawals from 1985 to 1990 were delivered for
domestic use. In 1990, about 60 percent of all deliv-
eries for domestic use were in the Idaho Falls,
Pocatello, and Twin Falls areas. Deliveries for
commercial use accounted for about 4 percent of
total municipal withdrawals in 1985 and more than
5 percent in 1990; about 37 percent of total commer-
cial use was in the Idaho Falls area. Industrial use
accounted for less than 5 percent of total municipal
withdrawals between 1985 and 1990; about 60 percent
of the industrial deliveries for 1990 were in the Twin
Falls area. Distribution system losses and water used
for public facilities accounted for about 21 percent of
total municipal withdrawals.

Instream Water Use

AQUACULTURE

Idaho was ranked first in the Nation for commer-
cial trout production. About 45 million pounds, or
78 percent of the total number of trout nationally,
was produced in Idaho (Idaho Agricultural Statistics
Service, 1992, p. 42). All of 1daho’s major aquacultural
facilities are in the upper Snake River Basin; most are
located on the Snake River between Milner Dam and
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King Hill. The springs that flow from the canyon walls
along this reach of the nver provide adequate water
supplies of suitable quality for aquacultural practices.
Trout production uses at least 40 to 45 percent of total
spring discharge to the Snake River between Milner
Dam and King Hill (Clarence Robison, University of
Idaho, Kimberly Research Center, oral commun.,
1993). At least 140 other smaller aquacultural facilities
are located along the Snake River and its tributaries
between Twin Falls and Hagerman (J. Courtwright,
Idaho Department of Health and Welfare, unpubl. data,
Boise, Idaho, 1992).

Discharges from major aquacultural facilities to
the Snake River were representative of aquacultural
water use. Aquaculture is a nonconsumptive water use
because the only measurable amount of water loss is
from evaporation of pond and raceway surfaces.
Goodell (1988, p. E39) used pond and raceway size
and replacement schedules from 32 aquacultural facil-
ities in Idaho to estimate that total use in 1980 for
aquacultural facilities in the upper Snake River Basin
was 1.9 million acre-ft. Mean annual discharge was
estimated using data from the USEPA Permit Compli-
ance System, which contains records of average
monthly flows from points of discharge for major facil-
ities. During 1985-90, the 12 major aquacultural facil-
ities in the basin discharged about 787,000 acre-ft/yr to
the Snake River.

HYDROELECTRIC POWER GENERATION

Fifteen large hydroelectric powerplants in the
upper Snake River Basin constitute about half of
Idaho’s large facilities. The first Federal hydroelectric
powerplant in the Pacific Northwest was at Minidoka
Dam (fig. 1) (Lindholm and Goodell, 1986) and is
still in operation. In 1990, the hydroelectric powerplant
at Palisades Dam generated 503,000 MWh. In 1990,
the powerplants at Bliss and American Falls Dams
generated 336,000 and 239,500 MWh, respectively.
These three powerplants generated about 80 percent of
the total hydroelectric power produced in the basin in
1990.

Hydroelectric power generation is the largest
nonconsumptive water use in the basin. Goodell (1988)
estimated that 39.4 million acre-ft of water was used to
generate about 2 million MWh of electricity in 1980 in
the eastern Snake River Plain. After 6 years of drought
and increasing demands on surface-water resources,
water use for hydroelectric power generation decreased

in 1990— 18 million acre-ft was used to generate
1.2 million MWh.

SOURCES OF POLLUTION

Point Sources

Point source pollution is defined as a recognizable
point of release for pollutants from a pipe, ditch,
channel, leaking underground tank, surface spill, or
landfill that may affect surface- or ground-water quality
(IDHW/DEQ, 1989). The USEPA classifies wastewater
treatment and industrial facilities as major or minor. A
major facility 1s issued a permit on the basis of a rating
system that considers the volume of effluent dis-
charged, the streamflow characteristics of the receiving
water, the potential public health risk factors, and the
chemical content of the effluent. A facility that is
permitted to discharge 1 Mgal/d or process wastewater
for 10,000 people per day or more is considered a
major facility in the permit system. The USEPA
maintains the National Pollutant Discharge Elimination
System (NPDES), which is administered in cooper-
ation with the IDHW/DEQ. The NPDES provides the
guidelines to administer permits and to develop
treatment requirements to maintain permit compliance.
Currently, discharges of nutrients and solids from
major facilities must be monitored to retain a permit,
and permits can be modified on the basis of the data
(A.E. Murrey, Idaho Department of Health and
Welfare, Division of Environmental Quality, written
commun., 1991). Numerous monitoring programs have
been implemented to address sediment, nutrient, and
temperature conditions in streams and rivers in the
upper Snake River Basin.

Three industrial, 13 wastewater treatment, and 12
aquacultural facilities are permitted to release effluent
in the upper Snake River Basin (table 7 and fig. 17).
Combined mean annual discharges from industrial,
wastewater treatment, and aquacultural facilities
during 1985-90 totaled about 8,500, 29,700, and
787,000 acre-ft/yr, respectively.

Point sources that may affect water quality are
monitored by IDHW/DEQ on a computerized log
of spills and leaks. Most reported spills and leaks are
of petroleum; 108 cases were reported in Idaho as of
April 1, 1988. Similarly, 102 hazardous material spills
and 69 leaking underground petroleum storage tanks
were reported in Idaho as of April 1, 1988 (Idaho
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Department of Health and Welfare, Division of
Environmental Quality, 1989, p. 100).

Nonpoint Sources

Nonpoint source pollution is a diffuse and inter-
mittent activity that may introduce individually insig-
nificant amounts of contaminants to a large geographic
area. The cumulative effect of these pollutants in
surface and ground water over a period of time may be
significant. Nonpoint source pollution is present when
the concentration of pollutants exceeds natural levels in
surface or ground water. Nonpoint source pollution to
surface water may occur when pollutants enter the
water through overland flow. Activities such as
agriculture, grazing, atmospheric deposition, mining,
and logging are examples of nonpoint source pollution
to surface water. Nonpoint source pollution to ground
water may occur when pollutants enter the water
through infiltration. Activities such as agriculture, land
application of wastewater, and improper installation or
usage of septic-tank systems are examples of nonpoint
source pollution to ground water (Idaho Department of
Health and Welfare, Division of Environmental
Quality, 1989, p. vi).

Nonpoint source pollution to surface water in
the upper Snake River Basin predominantly includes
sediment, nutrients, and bacteria from agricultural
runoff and nonirrigated cropland. Stream channel and

riparian zone degradation may result from overgrazing.
Surface-water monitoring for nonpoint source pol-
lution was first addressed by IDHW/DEQ in 1979 by a
statewide Agricultural Pollution Abatement Plan. The
plan was developed to reduce nonpoint source pollu-
tion from agricultural lands and related activities
(Idaho Department of Health and Welfare, Division of
Environmental Quality, 1989, p. 116).

Nonpoint source pollution from irrigation-return
flows that contained large amounts of sediment,
agricultural chemicals, and nutrients affected surface-
water quality in the Rock Creek drainage basin.
However, water-quality and habitat conditions in this
drainage basin have improved considerably since
IDHW/DEQ implemented the Rock Creek Rural Clean
Water Program in 1981. The program monitored
sediment, nutrients, bacteria, metals, minerals, pesti-
cides, fish populations, and habitat conditions (Idaho
Department of Health and Welfare, Division of
Environmental Quality, 1989, p. 119-120). The
program was the only previously conducted assessment
in the study area with extensive data on stream habitat
and aquatic life. NAWQA studies are planned in the
Rock Creek drainage basin during 1994.

Nonpoint source pollution to ground water in the
basin predominantly includes nutrients, bacteria,
petroleum compounds, and industrial solvents. It is
frequently impossible to determine the source of
contamination in ground water because of the
dispersed nature of nonpoint source pollution (Idaho

Table 7. Estimated mean annual discharges from major industrial, wastewater treatment, and aquaculture facilities in

the upper Snake River Basin, 1985-90

[Data from U.S. Environmental Protection Agency Permit Compliance System; all discharge values reported in millions of gallons]

Map Map
No. Mean annual No. Mean annual
(fig. 17) Type of facility discharge (fig. 17) Type of facility discharge

1 Wastewater treatment ............ 73.0 13 Wastewater treatment............. 3,029.5

2 Wastewater treatment ............ 401 .5 14 Aquaculture ........ccocoevceunnenn. 10,950.0

3 Aquaculture ..........ceeeeveeeenene 11,242.0 15 Wastewater treatment............ 219.0

4 Wastewaler treatment ............ 365.0 16 Aquaculture..........cccooveeeeennen. 9,471.0

5 Aquaculture.......coocooerveienennn 2,511.0 17 Industnal..........c..ccooonnnenenn. 693.5

6 Aquaculture...........coceereeenne. 42,230.5 18 Wastewater treatment .........., 73.0

7 Aquaculture...........coeeeeceeenne 49,165.5 19 Industrial.......c...occcennvnnnnn. 2,051.3

8 Aquaculture .........cocoeeeeveennnne, 49.348.0 20 Aquaculture ..........ccooooannen, 29,857.0

9 Aquaculture.........ocoeevvereeeene 22,7395 21 Wastewater treatment............ 2,263.0

10 Wastewaler treatment ............ 109.5 22 Aquaculture..........ccooovreennnnnn. 7,081.0

i1 Wastewater treatment ............ 584.0 23 Wastewalter treatment............. 511.0

12 Aquaculture..........ccoeeeveennene. 22,046.0 24 Wastewater treatment............. 1,642.5

' 25 Wastewater treatment............ 401.5
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Department of Health and Welfare, Division of
Environmental Quality, 1989, p. 102). The Idaho
Ground-Water Quality Monitoring Network began in
1991 and is an ongoing program conducted by the
IDWR and the USGS to monitor and define the
ambient ground-water quality conditions of major
aquifers in the State using a 400-well network. In any
given year, about 120 wells will be monitored in the
upper Snake River Basin. The IDWR Underground
Injection Control Program regulates the use of
injection wells, which are used in many areas for urban
runoff and agricultural purposes (Idaho Department of
Health and Welfare, Division of Environmental
Quality, 1989, p. 113; Helen Thorton, Idaho Depart-
ment of Water Resources, oral commun., 1992).

Nitrate concentrations in drinking-water supplies
are monitored to ensure that safe levels are maintained.
Nitrate concentrations that exceed 10 milligrams per
liter (mg/L) violate safe drinking-water standards and
may cause serious health problems. In Idaho, estimated
background nitrate concentrations in nonthermal
ground water were about 1 mg/L.. Concentrations
greater than 2 mg/L most likely indicate effects on
ground-water quality from land- and water-use activ-
ities. Basalt aquifers of the eastern Snake River Plain
exhibited the largest median nitrate concentrations
(Parliman, 1988).

Elevated nitrate levels (greater than 1 mg/L) were
identified in wells on the eastern Snake River Plain
during studies in 1970 and 1985. The studies showed
that about half the sampled wells had elevated nitrate
concentrations, and a small percentage of the concen-
trations exceeded the drinking-water standard of 10°
mg/L (Idaho Department of Health and Welfare,
Division of Environmental Quality, 1989, p. 104).
Petroleum releases from underground storage tanks,
above-ground bulk storage facilities, and buried
pipelines were reported in the Twin Falls area. Land
applications of wastewater in many areas were a source
of iron, manganese, nitrate, total organic carbon, and
total dissolved solids. Ground water at the Idaho
National Engineering Laboratory was found to contain
radioactive substances and synthetic organic com-
pounds. Arsenic, petroleum products, solvents, and
heavy metals have been detected in ground water near
Pocatello. In Ketchum, a geothermal pipeline caused
fluoride contamination in nearby public and private
water supplies (Idaho Department of Health and
Welfare, Division of Environmental Quality, 1989,

p. 101).

Septic-tank systems are common in sparsely popu-
lated areas in the upper Snake River Basin. Septic-tank
systems are potential sources of ground-water contami-
nation in areas where ground water is shallow and soil
conditions are inappropriate for the septic-tank design

" and use. A study conducted in Minidoka County in

1985 verified that several domestic wells were affected
by local septic-tank systems, resulting in elevated
nitrate concentrations greater than 10 mg/L (Idaho
Department of Health and Welfare, Division of Envi-
ronmental Quality, 1989, p. 108).

SUMMARY

The upper Snake River Basin was selected as a
National Water-Quality Assessment Program study
unit in 1991 to assess ground- and surface-water
quality and biological conditions and their relations to
land-use activities. Major ground- and surface-water-
quality issues are sediment, nutrients, and organic com-
pounds. Land and water uses that affect water quality
in the basin are irrigated agriculture, grazing, aqua-
culture, food processing, and municipal and industrial
wastewater treatment.

The upper Snake River Basin covers about
35,800 mi’ and includes parts of Idaho, Wyoming,
Nevada, and Utah. Major urban areas are Idaho Falls,
Pocatello, Rexburg, and Twin Falls, Idaho; and
Jackson, Wyoming. The Snake River flows 453 mi
from its headwaters south of Yellowstone National
Park and exits the basin at King Hill, Idaho. Tnbutaries
in mountainous regions that surround the plain to the
east, north, and south contribute large amounts of
runoff to the main stem of the Snake River and
recharge to the ground-water system. The main-stem
Snake River flows through five reservoirs between
Flagg Ranch and King Hill; the reservoirs provide a
total storage capacity of more than 4 million acre-ft.

Total population in the basin was about 425,000 in
1990. Climate in the basin is mostly semiarid and mean
annual precipitation ranges from 8 to more than 60 in.
The eastern Snake River Plain is the major geologic
feature in the basin and is delineated mostly by Quater-
nary and Tertiary basalt flows. The plain is about 55 to
62 mi wide and 320 mi long and bisects the basin in a
northeast-southwest direction. The eastern Snake River
Plain constitutes about 30 percent of the upper Snake
River Basin.
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Streamflow records (1934—80) for the Snake River
and its major tributaries were used to estimate that
mean annual inflow to the eastern Snake River Plain
was about 10.2 million acre-ft. Mean annual discharges
to the Snake River from north and south tributaries
were 7.3 million acre-ft, and ground-water recharge
from northern tnbutaries that do not flow directly to
the Snake River was almost 1.1 million acre-ft. Mean
annual discharge of the Snake River at King Hill was
about 7.5 million acre-ft.

Total gravity-flow and pumped diversions from the
Snake River and its tributaries were almost 8.8 million
acre-ft in 1980. Gravity-flow diversions occur mainly
in the upper part of the basin and along the Snake River
between Heise and Milner Dam. In 1980, gravity-flow
diversions between Heise and Milner Dam were about
7.0 million acre-ft. Pumped diversions occur mainly in
the Milner Dam to King Hill reach where the Snake
River is deeply entrenched. In 1980, total pumped
withdrawals from the Snake River and tributaries in
this reach were 408,500 acre-ft.

Return flows to the Snake River replenish stream-
flow so that water can be diverted again downstream.
In 1980, an estimated 1.4 million acre-ft of water
returned to the Snake River between Heise and Milner
Dam, and 1.2 million acre-ft of water returned between
Milner Dam and King Hill.

The Snake River Plain aquifer underlies the eastern
Snake River Plain and is one of the most productive
aquifers in the world. An estimated 200 to 300 million
acre-ft of water is stored in the upper 500 ft of the aqui-
fer. Ground-water flow is generally from northeast to
southwest, and average transmissivity ranges from 0.05
to 120 ft*/s. Well yields and transmissivity are highest
in basalt flows of Quaternary and late Tertiary age.

Sources of recharge are infiltration of surface water
applied for irrigation, infiltration of streamflow and
underflow from tributary drainage basins, precipitation,
and streamflow losses from the Snake River. Estimated
water budgets for the eastern Snake River Plain in 1980
showed that 60 percent of recharge was from surface
water diverted for irrigation, 25 percent was from
tributary inflow, 10 percent was from prectpitation, and
S percent was from Snake River streamflow losses.

The aquifer discharges principally in two reaches
of the Snake River: between Blackfoot and Neeley
(1.9 million acre-ft) and between Milner Dam and
King Hill (4.4 million acre-ft). Ground-water pumpage
for irrigation is also a major discharge. In 1980, an esti-
mated 1.9 million acre-ft of ground water was pumped

from the eastern Snake River Plain. In 1990, about 6.6
million acre-ft was pumped.

Areas with recent porous basalt flows and shallow
soil deposits exhibit high infiltration-rate potential.

Low infiltration-rate potentials are common in areas

where soils are thick or where dense basalt is present.

Rangeland, irrigated agriculture, and forest lands
constitute most of the land uses in the basin. Range-
land constitutes 50 percent of total land use; forest
lands, about 23 percent; and agricultural lands, about
21 percent. The Federal Government owns 65 percent
of the basin, mostly through the U.S. Forest Service
and the Bureau of Land Management. State owner-
ship totals about 4 percent and private ownership,

31 percent.

Water use in the upper Snake River Basin consists
largely of irrigated agriculture, industrial, municipal,
aquaculture, and hydroelectric power generation.
Irrigated agriculture is the largest consumptive water
use and hydroelectric power generation is the largest
nonconsumptive water use. Major crops in the basin
include potatoes, wheat, sugar beets, hay, and barley.
In 1980, 1.2 million acres on the eastern Snake River
Plain were irrigated with 1.9 million acre-ft of ground
water and 8.8 million acre-ft of surface water. In 1990,
2.5 million acres on the plain were irrigated with
6.6 million acre-ft of ground water and 7.6 million
acre-ft of surface water.

Water for industrial uses is supplied mostly from
ground-water sources. Large industrial facilities in-
clude food-processing, fertilizer, concrete, and phos-
phate production plants. Self-supplied industrial with-
drawals accounted for about 1 percent of the total basin
withdrawals between 1985 and 1990. Municipal with-
drawals were also less than 1 percent of total with-
drawals in the basin between 1980 and 1990. Ground
water supplied 84 percent or more of total municipal
withdrawals for the same time period.

Most aquacultural facilities in the upper Snake
River Basin are located on the Snake River between
Milner Dam and King Hill. Trout production uses at
least 40 to 45 percent of the spring flows to the Snake
River between Milner Dam and King Hill. Combined
mean annual discharge estimates (1985-90) from 12
aquacultural facilities were 787,000 acre-ft/yr.

Fifteen large hydroelectric powerplants are in the
upper Snake River Basin. In 1990, three of the power-
plants generated about 80 percent of the total hydro-
electric power produced in the basin. A total power
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generation of 1.2 million MWh used 18 million acre-ft
of water.

Three industrial and 13 wastewater treatment facil-
ities are permitted to release effluent in the upper Snake
River Basin. Combined mean annual discharges from
the industnial and wastewater treatment facilities
(1985-90) were about 8,500 and 29,700 acre-ft/yr,
respectively.

Nonpoint source pollution to surface water in the
basin includes sediment, nutrients, and bacteria from
agricultural runoff and nonirrigated cropland. Nonpoint
source pollution to ground water in the basin includes
nutrients, bacteria, petroleum compounds, and indus-
trial solvents.
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