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Conversion Factors

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

meter (m) 3.281 foot (ft)
Area

square mile (mi?) 2.590 square kilometer (km?)

Flow rate
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year (m3/yr)
Specific capacity
gallon per minute per foot 0.2070 liter per second per meter
[(gal/min)/ft)] [(L/s)/m]

Hydraulic conductivity

foot per day (ft/d) 0.3048

meter per day (m/d)

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

°C=(°F-32)/1.8

Datum

Vertical coordinate information is referenced to the North American Vertical Datum of 1988

(NAVD 88).

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).

Altitude, as used in this report, refers to distance above the vertical datum.

Abbreviations

DEM  Digital elevation model

ESRP  Eastern Snake River Plain

IDWR Idaho Department of Water Resources
IGS Idaho Geological Survey

NWS  National Weather Service

PDSI  Palmer Drought Severity Index

RASA  Regional Aquifer-System Analysis
TVHP  Treasure Valley Hydrologic project
USGS U.S. Geological Survey

WSRP  Western Snake River Plain

3D HFM Three-dimensional hydrogeologic framework model






Hydrogeologic Framework of the Treasure Valley and
Surrounding Area, Idaho and Oregon

By James R. Bartolino

Abstract

Most of the population of the Treasure Valley and the
surrounding area of southwestern Idaho and easternmost
Oregon depends on groundwater for domestic supply, either
from domestic or municipal-supply wells. As 0of 2017, 41
percent of Idaho’s population was concentrated in Idaho’s
portion of the Treasure Valley, and current and projected
rapid population growth in the area has caused concern about
the long-term sustainability of the groundwater resource. In
2016, the U.S. Geological Survey, in cooperation with the
Idaho Water Resource Board and the Idaho Department of
Water Resources, began a project to construct a numerical
groundwater-flow model of the westernmost western Snake
River Plain (WSRP) aquifer system. As part of this project, a
three-dimensional hydrogeologic framework model (3D HFM)
of the aquifer system was generated, primarily from lithologic
data compiled from 291 well-driller reports.

Four major hydrogeologic units are shown in the
3D HFM: Coarse-grained fluvial and alluvial deposits,
Pliocene-Pleistocene and Miocene basalts, fine-grained
lacustrine deposits, and granitic and rhyolitic bedrock.
Generally, the 3D HFM is in agreement with the geologic
history of the WSRP and hydrogeologic frameworks
developed by previous authors. The resolution (voxel size)
of the 3D HFM is sufficient for the construction of a regional
groundwater-flow model.

The major components of inflow (or recharge) to the
WSRP aquifer system are seepage from irrigation canals,
direct infiltration from precipitation and excess irrigation
water, seepage from the Boise and Payette Rivers and Lake
Lowell, and subsurface inflow from adjoining uplands. The
major components of outflow (or discharge) from the aquifer
system are discharge to surface water (rivers, agricultural
drains, and streams), groundwater pumping, and direct
evapotranspiration from groundwater.

Introduction

The Treasure Valley is “the agricultural area that stretches
west from Boise into Oregon” (U.S. Board on Geographic
Names, 2019), although it is commonly referred to as “the
lower Boise River watershed” or “the Boise River drainage
basin downstream of Lucky Peak Lake” (fig. 1); it lies within
the westernmost part of the western Snake River Plain
(WSRP). Except for the 30 percent of Boise’s municipal
supply taken from the Boise River (SUEZ North America,
2019), groundwater withdrawals provide most of the domestic
and municipal water in the valley and surrounding area.

SPF Water Engineering (2016) estimated that the
population of the Treasure Valley will increase to about
1.6 million by 2065, resulting in a corresponding increase
in domestic, commercial, municipal, and industrial water
demand. To address this anticipated demand for water, the
Idaho Senate passed Concurrent Resolution 137, which
includes a request to “develop a ground water model, with
all necessary measurement networks” for the Treasure Valley
(Idaho Senate Resources and Environment Committee,

2016, p. 2). In 2016, the U.S. Geological Survey (USGS),

in cooperation with the Idaho Water Resource Board and

the Idaho Department of Water Resources (IDWR), began a
project to collect additional drain discharge data (in the form
of 10 new streamgages and three streamflow-measurement
sites) and create a groundwater-flow model of the Treasure
Valley and surrounding area.

The study area used in this report is taken as the extent
of a groundwater-flow model by Johnson (2013) (fig. 1).
This area includes the westernmost part of the WSRP and is
bounded by the Snake River to the south and west, part of
the lower Payette River drainage basin downstream of Black
Canyon Reservoir to the north, and a groundwater divide near
the Ada-Elmore County line to the east (fig. 1).
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Figure 1.
southwestern Idaho and easternmost Oregon.

Purpose and Scope

This report describes the development of an updated
hydrogeologic framework for the westernmost part
of the WSRP aquifer system that is represented in a
three-dimensional hydrogeologic framework model (3D
HFM) and includes a conceptual groundwater budget. This

Locations of communities, selected weather stations, and other features, western Snake River Plain,

updated framework is primarily based upon the review of
well-driller reports, but also upon geologic maps, geophysical
data, and previous studies. The 3D HFM is intended for

use in the development of a groundwater-flow model of the
westernmost part of the WSRP aquifer system for 19862015
and is available in a companion data release to this report
https://doi.org/10.5066/P9CACOF6.


https://doi.org/10.5066/P9CAC0F6

Description of the Study Area

Natural Setting

The study area encompasses about 1,820 square miles
(mi?) and is located in the WSRP of southwestern Idaho and
easternmost Oregon (fig. 1). It consists of an undulating
plain that slopes generally from southeast to northwest; the
northern part is separated by an east-west line of uplands that
forms the interfluve between the Boise River watershed to
the south and the Payette River watershed to the north. The
WSRP is bounded by the Boise and Danskin Mountains to
the north (altitude as high as 10,000 feet [ft]) and the Owyhee
Mountains to the south (altitude as high as 8,400 ft). In the
study area, altitude ranges from about 4,810 ft at Prospect
Peak along the north-central boundary to 2,140 ft on the Snake
River to the northwest.

The study area is drained by three major rivers: the Snake
River to the south and west, the Boise River in the central
portion, and the Payette River to the north. About 66 percent
of the study area lies within the Boise River watershed, 23
percent within the Payette River watershed, and 11 percent
drains directly to the Snake River.

The climate of the study area is categorized into three
Ko&ppen climate classifications. Roughly east to west the
classifications are hemiboreal climates with warm and
dry summers (Dsb), continental climates with hot and
dry summers (Dsa), and semiarid cold steppe climates
(BSk) (Lutgens and Tarbuck, 1982; Idaho State Climate
Services, 2011).

Eight National Weather Service (NWS) stations and four
Bureau of Reclamation AgriMet stations are located within
or adjacent to the study area and provide data for some or all
of the groundwater-flow model period of 1986-2015 (fig. 1;
table 1) (National Oceanic and Atmospheric Administration,
2019; Bureau of Reclamation, 2019). For all of the NWS
stations, the coldest month is January and the warmest month
is July (table 1). The mean last-freeze (32.5 °F) date ranges
from April 21 to May 22, and the mean first-freeze (32.5 °F)
date ranges from September 23 to October 24. Mean annual
precipitation, which combines rainfall and snowfall (as snow
water equivalent), ranges from 7.8 to 19 inches (in.), and mean
annual snowfall ranges from 3.9 to 55 in. July and August
are typically the driest months; December and January are
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typically the wettest. The greatest monthly mean snow depth is
1 in. or less (except at the Parma Experiment Station weather
station with 2 in.) and typically occurs in January (Western
Regional Climate Center, 2019).

Although drought can be defined in many different ways
(meteorological, hydrological, or agricultural), one commonly
used measure is the Palmer Drought Severity Index (PDSI),

a measure of long-term drought that uses precipitation,
temperature, soil moisture, and other factors. The index
accounts for long-term trends to define wet and dry periods,
thus limiting its use in the most recent record. The PDSI uses
zero as normal, negative numbers to represent drought, and
positive numbers to represent above-normal precipitation.
The National Climatic Data Center calculates the PDSI (and
other drought indices) for states by climate division; except
for Oregon, all of the study area is within Idaho climate zone
5 (or Southwestern Valleys division) (National Climatic

Data Center, 2019). The PDSI for Idaho climate zone 5 from
January 1900 through December 2018 is shown in figure 2.
The 360 months between January 1986 and December 2015
(period of record for the groundwater-flow model) are
characterized by 3 periods of drier than normal conditions

for at least 50 consecutive months and one period of wetter
than normal conditions for 53 consecutive months. Of the 360
months, 15 had PDSI values less than -0.5 and greater than

or equal to -1, indicating drier than normal conditions; 227
experienced mild to extreme drought conditions (less than -1);
99 months experienced slightly to very wet conditions (greater
than 0.5), leaving only 19 months in the normal range. The
range of PDSI values is 5.61 (July 1998) to -6.34 (July 1992).
The average PDSI value for these 360 months is -1.18.

A comparison of the three periods of drier than normal
conditions between January 1986 and December 2015 to PDSI
values for the entire 20th century shows that the 19862015
period is matched in duration and severity by only the
well-known drought of the 1930s (fig. 2). One period during
the 1930s drought consisted of 62 months of drier than normal
conditions.

Three level-1V ecoregions (areas of generally similar
ecosystems) occur over the approximately 2,700 ft of relief in
the study area. Roughly from north to south, these ecoregions
are: Treasure Valley (12a), Unwooded Alkaline Foothills
(12j), and Mountain Home Uplands (12h) (McGrath and
others, 2002).
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Figure 2. Palmer drought severity index for [daho climate zone 5 (Southwestern Valleys).

Cultural Setting

Land ownership in the study area is mostly private,
with about 22 percent of the total area owned by the
Federal Government. Most of this Federal land is managed
by the Bureau of Land Management (U.S. Geological
Survey, 2019c).

All or parts of Ada, Canyon, Elmore, Gem, and Payette
Counties in Idaho and Malheur County, Oregon, lie in the
study area. In 2017, the estimated population of the study area
was about 702,000 (excluding Elmore and Malheur Counties
because they contain few people in the study area, and the
Sweet and Payette census county divisions of Gem and
Payette Counties, respectively, because they lie largely outside
the study area) (U.S. Census Bureau, 2019). This represents
about 41 percent of the total population of Idaho (U.S. Census
Bureau, 2019). By contrast, the population of the study area
in 1990 was about 313,000; thus, the population more than
doubled between 1990 and 2017 (U.S. Census Bureau, 2019).
The study area contains the three largest and sixth largest cities
in Idaho: Boise, Meridian, Nampa, and Caldwell, respectively
(fig. 1).

Agriculture and related industries (including food
processing) have historically been the largest employers in
southwestern Idaho. In recent years, however, the largest
employers are the health care and social assistance sectors,
followed by retail, manufacturing, hospitality, and government
(Idaho Department of Labor, 2018)

Water Resources

Three main rivers drain the study area, all tributary to
the Columbia River: the Snake River and its tributaries, and
the Boise and Payette Rivers (fig. 1). The drainage area of
each where they enter the study area is about 42,000, 2,700,
and 2,700 mi?, respectively (U.S. Geological Survey, 2019b).
In the study area, several small perennial and ephemeral
streams drain to the three main rivers. Numerous diversions
from the Boise and Payette Rivers (and to a lesser extent the
Snake River) feed a large network of canals that are typically
operated during the mid-April through late-September
irrigation season. Development of this irrigation network
started in 1863 and continued into the early twentieth century
(Stacy, 1993; Stevens, undated a, b). This network included
the construction of off-stream reservoirs such as Lake Lowell
(fig. 1). By 1904, landowners in the Nampa-Caldwell area
began reporting water-logged lands as a result of water
infiltration from canals and applied irrigation water (Stevens,
undated a, b) (fig. 1). This led to the construction of an
extensive network of agricultural drains in the study area.

The WSRP aquifer system is the source of water for
wells in the study area that provide groundwater for irrigation,
domestic and municipal supply, industry, livestock, and
geothermal heating. The aquifer system can broadly be
conceptualized as having three parts: a shallow water-table
aquifer; a complex, deep, underlying aquifer under confined
conditions; and a lowermost confined geothermal aquifer.
Groundwater in the shallow aquifer and surface water are
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closely connected, and groundwater flow is generally from
topographic highs to rivers and drains. Generally, depth to
groundwater varies from land surface or above to depths of
more than 800 ft below land surface. Groundwater levels in
the shallow water-table aquifer are typically lowest before
the beginning of irrigation season and highest near the end
of irrigation season when surface-water diversions cease; in
the middle aquifer this pattern is typically reversed. Water
levels in the geothermal aquifer are typically lowest at the end
of winter and highest in the late summer or early autumn. In
parts of the study area, nonthermal springs provide water for
domestic-water supply and irrigation.

The use of geothermal water for heating in the WSRP
began in 1891 with the completion of wells in northeast Boise;
currently (2019), there are four geothermal-heating districts
in and near downtown Boise. The IDWR classifies wells that
produce water between 85 and 212° F as low-temperature
geothermal wells; those that produce water above 212° F are
classified as geothermal-resource wells (Idaho Department
of Water Resources, 2019a). In 1987 the IDWR designated
the Boise Front Low-Temperature Geothermal Resource
Groundwater Management Area in order to manage this
resource.

Aquifer Nomenclature

Previous authors have used a variety of names for the
water-bearing rocks that underlie all or part of the current
study area. In addition to the varying names, both the
hierarchical terms “aquifer” and “aquifer system” have been

used. An aquifer is “a rock unit that will yield water in a
usable quantity to a well or spring” (Heath, 1983); “an aquifer
system is two or more aquifers that are separated (at least
locally) by impermeable rock units but function together as an
aquifer with regional extent” (Bartolino and Cole, 2002).

Aquifer names have included references to Boise such
as the “Boise Valley aquifer” (Lindgren, 1982) and the “Boise
aquifer system” (Squires and others, 1992) (table 2). The
USGS Regional Aquifer-System Analysis (RASA) program
defined the “Snake River Plain regional aquifer system”
encompassing the entire Snake River Plain; it was divided
into eastern (ESRP) and western (WSRP) parts near the
junction of Salmon Falls Creek and the Snake River because
of dissimilar geology and little to no subsurface hydraulic
connection between the two parts (fig. 3) (Whitehead, 1992).
Newton (1991) constructed a groundwater-flow model of
the WSRP regional aquifer system that extended from the
junction of Salmon Falls Creek and the Snake River to the
junction of the Payette and the Snake Rivers (fig. 3). Cosgrove
(2010) used “western Snake Plain aquifer” in an evaluation
of groundwater-flow models of the area. Publications from
the IDWR Treasure Valley Hydrologic Project (TVHP) used
“Treasure Valley aquifer system” (Petrich, 2004b), as did a
groundwater-flow model that extended into the Payette River
drainage (Johnson, 2013). This list is not comprehensive;
other names refer to units within the aquifer by their relative
position such as upper and lower or by geologic unit name
such as Idaho Group and Pierce Gulch Sand.

Because the study area includes parts of the Boise and
Payette River basins and lies within the WSRP defined by
Newton (1991) and Whitehead, (1986, 1992) “western Snake
River Plain aquifer system” is used in this report.

Table 2. Summary of western Snake River Plain aquifer nomenclature used by previous authors and the current report.

Aquifer name Reference
Boise Valley aquifer Lindgren (1982)
Snake River Plain regional aquifer system Newton (1991)
Boise aquifer system Squires and others (1992)
Treasure Valley aquifer system Petrich (2004)
Western Snake Plain aquifer Cosgrove (2010)
Treasure Valley aquifer Johnson (2013)

Western Snake River Plain aquifer system

Current report
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Figure 3. The domains of selected groundwater models, western Snake River Plain, southwestern Idaho and easternmost Oregon.

Previous Work

Hundreds of published and unpublished reports on
various aspects of the geology and hydrology of the WSRP
have been prepared by government agencies, universities,
and consultants. It is beyond the scope of the current report to
discuss all of these previous works; the following discussion
touches on some of the reports deemed most relevant in
preparing the 3D HFM described in this report.

Geology

The earliest descriptions of the geology of the WSRP
were associated with the second John C. Frémont expedition
(1843—44), followed by the Fortieth Parallel Survey of
Clarence King (1867—-72) (Malde and Powers, 1962).

Lindgren (1898) and Lindgren and Drake (1904a, 1904b)
described the Boise, Nampa, and Silver City 30-minute
geologic quadrangles, respectively. They included descriptions
of general geography, stratigraphy, mineral resources, soils,
and groundwater resources. Russell (1902, 1903a,1903b)
reported on the geology and water resources of the WSRP.
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Savage described the geology and mineral resources of
Ada and Canyon Counties (1958) and of Gem and Payette
Counties (1961). Malde and Powers (1962) refined the
upper Cenozoic stratigraphy of the WSRP, thus clarifying
or establishing many of the geologic unit names currently
(2019) in use. Because many stratigraphic units are exposed
only along the margins of the WSRP, correlation is difficult,
and a number of “local formations and informal stratigraphic
units” have been used in geologic mapping in the northern
part of the plain (Othberg, 1994). These units were originated
by Wood and Anderson (1981), Wood and Burnham (1983),
Othberg and Burnham (1990), and Burnham and Wood
(1992); the resulting unit names were used by subsequent
authors including Wood and Clemens (2002), Wood (1994,
2004), and Squires and others (2007). Malde (1991) and Wood
and Clemens (2002) described the geologic development and
evolution of the WSRP. Othberg (1994) addressed the geology
and geomorphology of the Boise Valley with an emphasis on
Pleistocene stream terraces of the Boise River.

A number of geologic maps of parts of the WSRP have
been compiled and published, including Othberg and Burnham
(1990), Othberg and others (1990), Othberg and Stanford
(1990, 1992), Ferns and others (1993), Bonnichsen and
Godchaux (2006a, 2006b), Phillips and others (2012), Lewis
and others (2016), Feeney and others (2018), and a number
of unpublished student theses. The most recent statewide
geologic map of Idaho compiled by Lewis and others (2012)
included some areas not covered by larger scale maps.

Hydrology and Hydrogeology

Early reports that mention groundwater in parts of
the WSRP include Lindgren (1898), Lindgren and Drake
(1904a, 1904b), and Russell (1902, 1903a,1903b). Mundorff
and others (1964) described groundwater occurrence and
conditions for the entire Snake River Plain. The USGS Snake
River Plain RASA program described various aspects of the
hydrogeology of the eastern and western Snake River Plain
in several publications. RASA publications for the WSRP
include depth to water maps (1980 conditions) (Lindholm
and others, 1982; 1988), a water budget (Kjelstrom, 1995), a
geohydrologic framework (Whitehead, 1986, 1992), a map of
irrigated lands and land use (1980 conditions) (Lindholm and
Goodell, 1986), and steady-state and transient MODFLOW
models (Newton, 1991). Following the RASA, Maupin (1991)
used 1980-88 data to construct a composite depth-to-water
map for the WSRP, including much of the study area. The
TVHP, led by the IDWR in cooperation with numerous other
government and private entities, characterized groundwater

and surface-water resources of the Treasure Valley. Project
reports included the hydrogeologic framework of Squires
and others (1992), a groundwater-flow model by Petrich
(2004a), and a number of other reports that are listed in
Petrich (2004b).

Published accounts of groundwater occurrence and
conditions for subareas of the WSRP include Deick and
Ralston (1986), Baldwin and Wicherski (1994), Tesch (2013),
and Bartolino and Hopkins (2016).

Residential development of varying scale and density
has occurred in the upland that forms the divide between the
Boise and Payette Rivers (the Boise Valley-Payette Valley
interfluve). Several reports, including Baker (1991), SPF
Water Engineering, LLC (2004), and Squires and others
(2007), have addressed groundwater in this area. Additional
supporting material including geophysics, water levels, aquifer
tests, groundwater-flow models, and geochemical data are
available in SPF Water Engineering, LLC (2004), and Squires
and others (2007).

Groundwater budgets for major portions of the WSRP
include those published by Kjelstrom (1995), Urban
(2004), Schmidt and others (2008), and Sukow (2012).
Additionally, the groundwater-flow models discussed in the
“Groundwater-Flow Models” section of this report all have
associated groundwater budgets. There are also numerous
groundwater budgets for smaller areas such as those of
Lindgren (1982) and Tesch (2013). Published streamflow gain/
loss studies include Kjelstrom (1995), Berenbrock (1999),
and Etheridge (2013). The majority of aquifer tests performed
to establish hydraulic properties of the aquifer system are
found in consultants’ reports such as SPF Water Engineering
(2004) and Hydro Logic Inc, (2008); Petrich and Urban (2004)
contains a compilation of Treasure Valley aquifer tests. A
number of reports address the hydrogeology of the geothermal
aquifer, including several parts of IDWR Information Bulletin
30 such as Waag and Wood (1987) and Mitchell (1981); other
reports include those by Nelson and others (1980), James M.
Montgomery Consulting Engineers (1982), and Wood and
Burnham (1983).

Geochemical studies relating to groundwater flow and
recharge include Mitchell (1981), Mayo and others (1984),
Hutchings and Petrich (2002a, 2002b), Adkins and Bartolino
(2003), Thoma (2008), Busbee and others (2009), Welhan
(2012), and Hopkins (2013).

Stevens (undated) examined 1867 and 1875 public
land surveys to characterize hydrologic conditions of the
Boise River, and Five Mile, Ten Mile, and Indian Creeks, as
well as construction of the drainage system necessitated by
irrigation-caused waterlogging.



Groundwater-Flow Models

Eight groundwater-flow models of all or part of the
WSRP have been published with varying objectives, detail,
and model extent (Cosgrove, 2010; Johnson, 2013). Three
models include all or most of the current study area: those
of Newton (1991), Petrich (2004a), and Johnson (2013)

(fig. 3). Models by Lindgren (1982), Douglas (2007), Pacific
Groundwater Group (2008a, 2008b), Schmidt (2008), and
Bureau of Reclamation (2009) are of smaller areas. Cosgrove
(2010) evaluated these models (excepting Johnson, 2013)
including their suitability for predictive use and the relative
strengths and weaknesses of each. Sukow (2012, 2016)
addressed various aspects of the Johnson (2013) model.

Methods
Well Data

The primary sources of data for this hydrogeologic
framework of the WSRP aquifer system are well-driller
reports (also known as drillers’ logs) maintained by the IDWR
that are available through an online database of those reports
(Idaho Department of Water Resources, 2019b). The IDWR
database contains “most of the well-driller reports dating back
to July 1987”; but because such reports were requested but not
required by the IDWR prior to 1953 (Castellin and Winner,
1975), the database does not contain reports for all wells
drilled in the study area. The database does include, however,
reports for many wells drilled before 1987 (within the study
area, the oldest well in the database with a well-driller
report was drilled in 1913). Currently (2019), the database
contains records for nearly 50,000 wells in and near the study
area; many of these wells lack reports or accurate location
information.

Petroleum and geothermal wells are typically drilled to
greater depths than water wells; the former are not included
in the IDWR database. The Idaho Geological Survey (IGS)
maintains a database of “over one hundred fifty” petroleum
and 95 permitted geothermal wells in the state (Idaho
Geological Survey, 2019). Although the available data and
data quality vary by well, they may include lithology and
various borehole geophysical logs (within the study area, the
oldest well in the database was drilled in 1907).

For the current study, well-driller reports were retrieved
from the IDWR database for the study area and immediate
vicinity. Well locations on the reports have historically been
reported using the Public Land Survey System (PLSS) to
the 160-acre, 40-acre, or 10-acre tract level, although newer
reports are required to have global-positioning system (GPS)
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coordinates. For this study, in the absence of a more precise
location, latitude and longitude were assigned to the center
of the smallest assigned tract to denote the well location.
Consequently, reported well locations may vary from actual
locations. The quality of location and lithologic information
from well-driller reports can be highly variable.

Three-Dimensional Hydrogeologic Framework
Modeling

In preparation for the construction of a groundwater-flow
model of the WSRP, a 3D HFM was prepared to represent the
subsurface distribution and thickness of four hydrogeologic
units. The primary source of data for the 3D HFM was
lithologic data from a total of 291 well-driller reports (as
described in the “Well Data” section). These data were then
entered into Rockware Rockworks17™ three-dimensional
modeling software. A total of 28 lithology types were defined
in Rockworks17™ based upon well-driller report descriptions;
these lithology types were then assigned to one of four
hydrogeologic units. Compound lithologic descriptions such
as “silty clay” or “sandy shale” are common in the well-driller
reports; these compound descriptions were not treated as
unique lithologies because it would result in an unwieldy
number of lithology types. Instead, such compound descriptors
were treated as the base lithology: “silty clay” and “sandy
shale” were recorded as clay and shale, respectively.

Well locations were taken from the IDWR (2017) “Wells”
dataset. Well surface elevations were assigned from the USGS
National Elevation Dataset 1/3 arc-second (approximately 10
meters [m]) digital elevation model (DEM) (U.S. Geological
Survey, 2019a).

The 3D HFM was generated of a rectangular area larger
than the groundwater-flow model boundary of Johnson
(2013) to incorporate additional well data in the eastern part
of the area where few wells exist (fig. 4). The base of the
model was chosen as 500 ft altitude because only 15 wells
had lithologic data below that depth; 11 wells had lithologic
data below the vertical datum. The modeling algorithm
chosen within Rockworks17™ was “lateral blending” with
“cylinder” smoothing; voxel size was 400-m by 400-m in the
horizontal dimension and 50 ft in the vertical dimension (the
mixed metric and U.S. customary units are because the Idaho
Transverse Mercator [NAD83] projection uses meters for
horizontal location and well-driller reports use feet for depth).
The surface of the model and well elevations were adjusted to
a corresponding 400-m square elevation grid (corresponding
to voxels) derived from the USGS National Elevation Dataset
1 arc-second (approximately 30 m) DEM (U.S. Geological
Survey, 2019a). The larger rectangular hydrogeologic model
was then clipped to the Johnson (2013) model boundary.
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Geologic Setting

As described in the “Previous Work™ section, the
stratigraphic nomenclature of the WSRP is problematic
for a number of reasons. First and foremost is that the
stratigraphy of the basin fill is not exposed and thus may only
be described by samples from a handful of deep wells and
indirect geophysical methods; geologists have thus depended
on exposed outcrops on the margins of the WSRP. Other
problems include a number of informally named units, a lack
of unit correlation between the southern and northern margins
of the WSRP, and the repeated redefinition of some units. A
sense of the disorder in stratigraphic nomenclature is found
in Repenning and others (1995), who describe the history of
some of these unit names starting with Cope (1883). Recent
mapping (including age dating) by the IGS near Emmett has
begun to address these issues by clarifying the relationship
between some of these units and assigning ages to them
(Lewis and others, 2016; Feeney and others, 2018; Wood and
others, 2018). Nevertheless, many problems remain, and the
current report avoids the use of stratigraphic names where
possible. Where names are used, the reader is advised that
some are ambiguous and may be redefined by further work.
Table 3 shows geologic time and geologic history, rock units
of the WSRP, and hydrogeologic units defined in the current
report. Correlation between the different columns of the table
should be considered approximate.

The water-bearing units of the WSRP are underlain
by a variety of older rocks (table 3). In the northern and
northeastern parts of the study area, these underlying rocks
are Proterozoic and older metamorphic rocks. The eastern
part is underlain by Paleozoic sedimentary rocks; the western
part is underlain by “metamorphosed submarine volcanic
rocks and basalts of probable Permo-Triassic age” (Hyndman,
1983). Between about 110 and 70 million years ago (Ma),
during the Late Cretaceous, these rocks were intruded by the
Atlanta lobe of the granitic Idaho Batholith; these rocks are
exposed in much of central Idaho north of the study area and
in limited areas of the Owyhee Mountains (Lewis and others,
1987, 2012; Johnson and others, 1988; Jordan, 1994; Beranek
and others, 2006). Between about 16.9 and 15.6 Ma, flows
of the lower units of the Columbia River Basalt Group were
erupted onto these older rocks; these basalts form the acoustic
basement beneath the sedimentary and volcanic basin fill
of the WSRP (Wood, 2004; Kahle and others, 2011; Barry
and others, 2013). Northwest of the WSRP, the north-south
trending Weiser embayment formed; this structural basin filled
with units of the Columbia River Basalt Group (Fitzgerald,
1982). The basalts in the Weiser embayment are overlain by
fluvial sands and lacustrine clays of the Payette Formation,
but these sediments thin to the south and are apparently absent
south of the Payette River (Feeney and others, 2018; Wood
and others, 2018).

Adjacent to the current-day WSRP to the southwest, the
north-south trending Oregon-Idaho graben began subsiding
about 15.5 Ma and then filled with sediments and interbedded
basaltic to rhyolitic flows of the Succor (or Sucker) Creek

Formation (Lawrence, 1988; Cummings and others, 2000;
Beranek and others, 2006). Wood and Clemens (2002) noted
that the Oregon-Idaho graben and Weiser embayment were
formed somewhat contemporaneously and have similar
structural patterns.

The WSRP, a “northwest-trending, fault-bounded rift
basin,” began forming about 11 Ma as the Yellowstone hotspot
tracked to the south and east of the basin (Beranek and others,
2006). This faulting was mostly finished by about 9 Ma,
with total displacement ranging from about 7,200 ft in the
northeast to 9,200 ft in the southwest (Wood and Clemens,
2002). At about the same time (11.7 to 10.6 Ma), the Jump
Creek Rhyolite was erupted from a volcanic center near the
current-day Lake Lowell (Ekren and others, 1984; Bonnichsen
and others, 2004) (fig. 1). The Jump Creek Rhyolite is
chemically different and older than the Idavada Volcanics of
Malde and Powers (1962).

Deposition of the Chalk Hills Formation (apparently
equivalent to the Poison Creek Formation) started about
10-8 Ma and appears to represent the earliest large lake in
the WSRP (Kimmel, 1982; Perkins and others, 1998; Wood
and Clemens, 2002; Feeney and others, 2018). The primary
lithology is mudstone, but the unit also contains volcanic ash
beds and subaqueous basalt flows. About 6-5 Ma, the Chalk
Hills Lake disappeared or shrank dramatically, resulting in a
depositional hiatus and erosion of the lacustrine sediments:
about 1 million years (m.y.) of sedimentary record is missing
at the angular unconformity that marks the boundary between
the Chalk Hills Formation and the overlying Glenns Ferry
Formation (Kimmel, 1979, 1982; Perkins and others, 1998;
Wood and Clemens, 2002; Feeney and others, 2018).

The WSRP began filling with water again about 4 Ma,
creating Lake Idaho and initiating deposition of the Glenns
Ferry Formation (Repenning and others, 1995; Wood and
Clemens, 2002; Feeney and others, 2018). Although clay
and silt were primarily deposited in the deeper parts of the
lake, tributary streams deposited sands and gravels as deltas
where they entered the lake (Squires and others, 1992; Wood
and Clemens, 2002). As the lake neared its highest stand
and evaporation caused the lake to become more alkaline,
an oolitic shoreline sand was deposited, represented by the
Shoofly oolite on the southern margin of the WSRP and
the Terteling Springs Formation on the northern margin
(Swirydczuk and others, 1979, 1980; Burnham and Wood,
1982; Wood and Clemens, 2002). Wood and Clemens
(2002) posited that Lake Idaho rose until it found an outlet
in Hells Canyon (downstream from Farewell Bend) on the
Snake River (fig. 1) no later than 1.67 Ma. Based on fossil
fish assemblages, VanTassell and others (2001) and Smith
and others (2000) date the connection of Lake Idaho to the
Columbia River drainage between about 3.8 and 2 Ma. Other
authors using similar evidence have argued that Lake Idaho
had another outlet for most of its existence before it connected
to the Columbia River system, most likely draining through
Oregon or Nevada to California (Wheeler and Cook, 1954;
Othberg, 1994; Repenning and others, 1995).
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Starting about 2.2 Ma, basalt volcanism resumed in the
WSRP and surrounding areas and continued until about 0.1
Ma (Bonnichsen and others, 1997; Wood and Clemens, 2002).
Some of these flows were initially erupted into the water
of Lake Idaho; as lake levels declined, later deposits were
erupted onto the dry lake bed (Godchaux and others, 1992).

After Lake Idaho began flowing through the Hells
Canyon outlet, it began downcutting, and lake levels declined
(Wood and Clemens, 2002). This caused streams “emptying
onto the western plain...to prograde coarse-braided channel
gravel deposits across the broad, nearly flat surface of the
plain” about 1.7—-1.6 Ma (Othberg, 1994). Othberg (1994)
named these deposits the Tenmile gravel and indicated that
they were the first in a sequence of eight terrace gravels in the
Boise Valley deposited during episodic downcutting of the
Hells Canyon outlet, possibly in concert with glacial cycles
in the Pleistocene. Gilbert and others (1983) recognized six
terrace gravels in the Payette River Valley; Feeney and others
(2018) simplified this to four.

About 15-14.5 thousand years ago (ka), Lake Bonneville,
a large Pleistocene lake in northwestern Utah, reached its
maximum height and spilled over into the Snake River
drainage. The erosion and failure of the natural dam caused
a catastrophic flood that traveled down the Snake River and
was temporarily dammed at Hells Canyon. The resultant slack
water backed up into the Boise, Payette, and Weiser River
valleys and deposited silt and sand to an altitude of about
2,430 ft (O’Connor, 1990; Lewis and others, 2012). Since the
Pleistocene, rivers and streams have eroded and partially filled
their valleys with unconsolidated sediment in response to
tectonic activity and fluctuations in climate.

Hydrogeologic Units

Hydrogeologic (or hydrostratigraphic) units are “any
soil or rock unit or zone which by virtue of its hydraulic
properties has a distinct influence on the storage or movement
of groundwater” (American Nuclear Society, 1980; Isensee
and others, 1989). Because the hydraulic properties of a rock
are frequently controlled by its lithology, hydrogeologic units
often correspond to lithostratigraphic units. Previous workers
have defined hydrogeologic units in the WSRP aquifer system
differently. The studies most relevant to the current work are
those of Whitehead (1986, 1992), Newton (1991), Squires
and others (1992), and Wood (1997b) (table 4). These authors

used different approaches to delineate their hydrogeologic
units: Whitehead (1986, 1992) and Newton (1991) defined
rock units based on lithology and age; alternatively, Squires
and others (1992), and Wood (1997b) used depositional
environments or facies.

Whitehead (1986, 1992) described the hydrogeology of
both the ESRP and WSRP regional aquifer systems. Although
he did not use the term “hydrogeologic unit,” he defined
and described seven geologic units that form the two aquifer
systems, of which five are present in the WSRP. Newton
(1991) also did not use the term “hydrogeologic unit” but
described the WSRP aquifer system as “composed of three
major rock units,” essentially consolidating Whitehead’s
(1986, 1992) units as shown in table 4.

Squires and others (1992) were primarily concerned with
the portion of the aquifer system used for municipal supply
in the Boise area; that is, the uppermost 1,000 ft of sediment.
They defined five hydrogeologic units based on depositional
facies with differing lithologic and hydrologic properties
(table 4). Wood (1997b) used a similar approach for the
entire WSRP (table 4). The stratigraphic/lithologic approach
of Whitehead (1986, 1992) and Newton (1991) emphasizes
vertical changes in the hydrogeology, while the facies
approach of Squires and others (1992) and Wood (1997b) also
accounts for horizontal variability.

The definition of hydrogeologic units in the current
report is a combination of the two approaches and is based
on lithology: different rock types that represent changes
in the depositional environment. This approach is similar
to that of Wood (1997b). The four hydrogeologic units
discussed here are referred to by their principal lithology.
These hydrogeologic units are: coarse-grained fluvial and
alluvial deposits, Pliocene-Pleistocene and Miocene basalts,
fine-grained lacustrine deposits, and granitic and rhyolitic
bedrock (table 4).

As suggested by the geologic history described in the
“Geologic Setting” section, in general, the lower aquifer
is predominantly composed of fine-grained sediment and
the upper portion of the aquifer tends to be composed of
coarse-grained sediment. However, as is typical in Cenozoic
sedimentary basin-fill deposits, there can be significant
variation within a given hydrogeologic unit; additionally,
the different hydrogeologic units are both interbedded and
interfingered. For these reasons, hydraulic properties can vary
significantly over a short horizontal or vertical distance.
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Table 4. Summary of western Snake River Plain hydrogeologic units used by previous authors and the current report.

Rock-based units

Whitehead (1986, 1992)

Newton (1991)

Younger alluvium

Younger basalt

Upper unit: Tertiary-Quaternary sedimentary and volcanic rocks

Older alluvium
Older basalt

Middle unit: Tertiary-Quaternary sedimentary and volcanic rocks

Older silicic volcanic rocks

Lower unit: Tertiary volcanic rocks

Facies-based units

Squires and others (1992)

Wood (1997h)

Fan to lake transition sediments

Fluvial deltaic

Central Boise lacustrine sediments

Deep artesian lacustrine sands and lake margin sands

Lake margin sands of northeast Boise

Mudstone facies

Lithology-based units

The current report

Coarse-grained fluvial and alluvial deposits

Pliocene-Pleistocene and Miocene basalts

Fine-grained lacustrine deposits

Rhyolitic and granitic bedrock

Coarse-Grained Fluvial and Alluvial Deposits

Coarse-grained fluvial and alluvial deposits are the
source of water for most wells completed in the WSRP aquifer
system. These sediments were deposited in two depositional
environments: (1) sediments deposited on the northern and
southern margins of the Chalk Hills lake and Lake Idaho in the
form of alluvial fans and stream or river deltas, and (2) fluvial
deposits deposited on the lacustrine sediments of Lake Idaho
after the through-flowing Snake River was established and the
lake drained. It is the second-largest hydrogeologic unit by
volume in the WSRP aquifer system and is composed mostly
of sands and gravels with interspersed finer-grained deposits.
Because it is the uppermost hydrogeologic unit in much of
the WSRP, many wells are completed in it and the water is
used for a wide variety of uses. The coarse-grained fluvial
and alluvial deposits are largely equivalent to Wood’s (1997b)
fluvial-deltaic facies.

Pliocene-Pleistocene and Miocene Basalts

Pliocene-Pleistocene basalts (and related deposits such
as scoria or cinders) form much of the WSRP aquifer system
in the southeastern part of the study area. It is the third-largest

hydrogeologic unit by volume in the WSRP aquifer system.
These basalts were erupted both on land and within Lake
Idaho; they interfinger with and are covered by deposits

of the two sedimentary hydrogeologic units. Most wells
completed in this hydrogeologic unit are used for irrigation or
domestic supply.

Miocene basalts of the Columbia River Basalt Group
underlie the lacustrine, fluvial, and alluvial sediments and
Pliocene-Pleistocene basalts that form the upper parts of
the WSRP aquifer system. A structure map of the base of
the Pliocene-Pleistocene basalts in the southern portion
of the study area shows them separated from the Miocene
basalts by several thousand feet (Wood, 1997a). However,
in the northern part of the WSRP near Boise (figs. 1, 2, 6),
the Pliocene-Pleistocene basalts and Miocene basalts are in
direct contact with granitic bedrock. It is therefore difficult to
differentiate them from well-driller reports alone. So, although
Miocene basalts should be considered part of the basement
hydrogeologic unit, they are instead grouped with the younger
Pliocene-Pleistocene basalts.
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Fine-Grained Lacustrine Deposits

Although fine-grained lacustrine deposits are the most
extensive hydrogeologic unit in the WSRP aquifer system, it
is penetrated by fewer wells because of its generally greater
depth. These deposits accumulated in the Chalk Hills lake
and Lake Idaho and are primarily composed of clays and silts
with some interspersed coarser-grained deposits. Water from
wells completed in this hydrogeologic unit is mostly used
for municipal, irrigation, industrial, or geothermal supply.
The fine-grained lacustrine deposits are largely equivalent to
Wood’s (1997b) mudstone facies.

Rhyolitic and Granitic Basement

The coarse-grained fluvial and alluvial deposits,
Pliocene-Pleistocene basalts, and fine-grained lacustrine
deposits are underlain by bedrock. This bedrock is composed
primarily of Miocene rhyolites and other silicic volcanic
rocks and Cretaceous granitic rocks of the Idaho batholith. In
places sedimentary units are found between different flows of
the rhyolite and between the rhyolite and granite. Few wells
are completed in this bedrock: in the north-central part of the
study area, such wells furnish water for domestic supply and
in the northeastern part of the Boise area they provide water
for geothermal supply. Petrich and Urban (2004c) described
the hydraulic connection between these older units and the
overlying sediments and basalts as “limited” based on several
lines of evidence.

Hydraulic Properties of Hydrogeologic Units

It is difficult to estimate the number of single- or
multiple-well aquifer tests that exist for the WSRP
aquifer system primarily because most are described in
unpublished consultants’ reports (see section, “Hydrology
and Hydrogeology”). Additionally, many of these tests have
been interpreted using multiple methods, different well
combinations, or reinterpreted in subsequent reports. In
some cases, well names and (or) locations are inconsistent or
ambiguous adding further uncertainty. It is likely that there
are over a thousand different interpretations for specific wells
using data from hundreds of aquifer tests conducted in the
study area. Additionally, many well-driller reports submitted
to the IDWR contain information from short-term single-well
tests intended for pump selection. Although methodology
exists for the determination of transmissivity from these

“pump tests” (Thomasson and others, 1960; Theis and others,
1963), these tests are often of such short duration that such
estimates are unreliable.

Hydraulic conductivity describes the ability of a material
to transmit water and is a measure of permeability. Vertical
hydraulic conductivity in sedimentary aquifers may be one or
two orders of magnitude less than that of horizontal hydraulic
conductivity; this ratio of vertical to horizontal hydraulic
conductivity is referred to as anisotropy. Typical values of
horizontal and vertical hydraulic conductivity and anisotropy
are shown in table 5.

Storativity (or storage coefficient) is a measure of the
volume of water taken into or released from storage in an
aquifer with changes in head. In a confined aquifer it is equal
to the specific storage multiplied by aquifer thickness; in an
unconfined aquifer it is essentially equal to specific yield.
Typical values of specific storage and specific yield are shown
in table 5.

Another source of hydraulic properties are calibrated
groundwater-flow models. These numbers are typically
constrained by typical values found in the literature and
(or) from aquifer tests within the model domain. Hydraulic
properties from previous groundwater-flow models by Newton
(1991), Petrich (2004a), Douglas (2007), and Johnson (2013)
are shown in table 5.

Three-Dimensional Hydrogeologic
Framework Model

As described in the “Methods” section, the 3D HFM was
generated with lithologic data from 291 well-driller reports
(figs. 5 and 6); the locations of these wells are shown in fig. 4.

A comparison of the 3D HFM with hydrogeologic
frameworks developed by previous authors shows broad
agreement (figs. 5 and 6). The 3D HFM concurs with
the general characterization of the aquifer system as
coarser-grained alluvial sediments overlying finer-grained
lacustrine sediments with some overlying and interbedded
basalts. The 3D HFM and a cross-section by Wood and
Clemens (2002, p. 94) show bedrock above 500 ft altitude
only in the northeastern part of the model area. The horizontal
and vertical distribution of Pliocene-Pleistocene and Miocene
basalts in the 3D HFM is in general agreement with previous
authors including Whitehead (1992), Othberg and Stanford
(1992), and Wood (1997a).



Table 5. Published ranges for hydraulic conductivity, anisotropy, storativity, specific storage, and specific yield for selected aquifer
materials and groundwater-flow models.

[Abbreviations: ft/d, feet per day; ft, foot; do., ditto]
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Material

Range of values

Source

Horizontal hydraulic conductivity (ft/d)

Clay 2.8x10°-0.13 Spitz and Moreno (1996, p. 346)
Silt, sandy silts, clayey sands, till 2.8 x10°-0.28 Fetter (2001, p. 85)
Silty sands, fine sands 0.028 - 2.8 do.
Well-sorted sands, glacial outwash 2.8-280 do.
Sand 1.3-2.8x10° Spitz and Moreno (1996, p. 348)
Sand and gravel 27 - 650 do.
Gravel 130-2.8 x 10° Spitz and Moreno (1996, p. 347)
Basalt 53x10°-0.13 Spitz and Moreno (1996, p. 346)
Basalt, permeable 0.13-1.3x10* do.
Basaltic lava and sediments 510-5.1 x10* do.
Model layer 1 (sand and gravel) 3-43 Newton (1991, p. G32)
Model layer 2 (sedimentary rock) 900 - 1.21 x 10* Newton (1991, p. G33)
Model layer 3 (volcanic rock) 8.6 x 10° Newton (1991, p. G33)
Model layers 1 and 2 ~0.01-1.0x103 Petrich (2004, p. 62)
Model layers 3 and 4 ~0.01-1.0x% 10 Petrich (2004, p. 63)
Model 6, layers 1, 2, and 3 0.016 - 50 Douglas (2007, appendix D)
Model 6, layer 4 3.6 x10°-6.0 do.
Model 6, layer 5 0.068 - 800 do.
Model 6, layers 6 and 7 0.078 - 1.5 x 10° do.
Model 6, layer 8 1.9 x 10 - 790 do.
Model layer 1 ~0-2.0x10° Johnson (2013, p. 26)
Model layer 2 ~3-2.0x10° do.
Model layers 3 and 4 ~0-2.0x10° Johnson (2013, p. 27)
Vertical hydraulic conductivity (ft/d)
Between model layers 1 and 2 9-900 Newton (1991, p. G33)
Between model layers 2 and 3 22 do.
Model layer 1 ~1.0x103%-1 Petrich (2004, p. 63)
Model layer 2 ~1.0 x 10°- 100 Petrich (2004, p. 64)
Model layers 3 and 4 ~1.0x10*-1 do.
Model layer 1 ~1.0x10°-1 Johnson (2013, p. 28)
Model layer 2 ~4.1x10°-1 Johnson (2013, p. 29)
Model layer 3 ~3.7x10*%-1 do.
Model layer 4 ~3.7x10%-1 Johnson (2013, p. 30)
Anisotropy (dimensionless)
Clay 0.025-1.4 Spitz and Moreno (1996, p. 351)
Sand, silt, and clay <0.1 do.
Sandstone 0.5-1 do.
Shale 0.1-0.5 do.
Siltstone-shale 0.1-0.107 do.
Silt, organic 0.6-0.8 do.
Model 1, layer 5 0.1 Douglas (2007, p. 82)
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Table 5. Published ranges for hydraulic conductivity, anisotropy, storativity, specific storage, and specific yield for selected aquifer
materials and groundwater-flow models.—Continued

Material Range of values Source

Storativity (dimensionless)

Model layer 1 ~0-03 Johnson (2013, p. 31)
Model layer 2 5.0 x 10+ do.
Model layer 3 9.0 x 10+ do.
Model layer 4 5.0 x 10+ do.
Specific storage (ft”)
Clay, plastic 7.9 x10%-6.1 x 107 Spitz and Moreno (1996, p. 353)
Clay, stiff 4.0x10*-79 x10* do.
Clay, medium hard 2.8 x10*-4.0x10* do.
Gravel, dense sandy 1.5x10°-3.0x 107 do.
Rock, fissured, jointed 1.0 x 10°-2.1 x 10 do.
Rock, sound 1.0 x 10 do.
Sand, loose 1.5x10%-3.0 x 10* do.
Sand, dense 4.0x10°-6.1x107 do.
Specific yield (dimensionless)
Soil 0.4 Heath (1983, p. 9)
Clay 0.02 do.
Sand 0.22 do.
Gravel 0.19 do.
Sandstone, semiconsolidated 0.06 do.
Granite 9.0 x 10+ do.
Basalt, young 0.08 do.
Clay 0.01-0.18 Spitz and Moreno (1996, p. 345)
Gravel, fine 0.13-04 do.
Gravel, medium 0.17-0.44 do.
Gravel, coarse 0.18-0.43 do.
Sand, fine 0.01 -0.46 do.
Sand, medium 0.16 - 0.46 do.
Sand, coarse 0.18-0.43 do.
Sandstone. Fine 0.02-04 do.
Sandstone, medium 0.12-0.41 do.
Silt 0.01-0.39 do.
Siltstone 0.01-0.33 do.

Tuff 0.02 -0.47 do.




Limitations and Uncertainties

The Cenozoic history and basin-fill deposits of the WSRP
bear similarities to those of other areas such as within the
series of basins along the Rio Grande River in New Mexico
that are filled with Santa Fe Group deposits. On a generalized
regional scale, the initial lower sediments were deposited
in a closed basin and tend to be finer-grained; as rivers or
streams became through-flowing, mainly coarser sediments
were deposited as the upper portion of the basin fill. However,
lithology within these sediments is often more variable on
a local scale. Lake levels and the size of alluvium carried
by streams fluctuated due to tectonism or climate cycles. As
a result, streams varied between straight, meandering, and
braided patterns and cycled between incision and deposition.
The result is that the lithology of basin-fill sediments often
exhibits extreme variability over very short horizontal and
vertical distances.

Well-driller reports introduce uncertainty in several ways.
As explained in the “Well Data” section, although reported
well locations on more recent well-driller reports are often
established using a GPS, locations on older reports were
established with maps and given in the PLSS format. This
latter method locates wells to a 10-acre tract at best; often
well locations are reported to the section level (a 1-mi? tract).
Because well-surface altitudes in the 3D HFM are adjusted to
a grid derived from 30-m DEMs, location errors may cause
errors in altitude as well. Another source of uncertainty is
that lithologic descriptions of rock and sediment penetrated
in a borehole may vary considerably between drillers.

Finally, mud- and air-rotary drilling methods tend to cause
an underestimation of the amount of fine-grained sediment,
especially in saturated sediments.

The grouping of lithologies found in well-driller reports
into four hydrogeologic units oversimplifies the subsurface;
thus, gradual transitions are lost. Similarly, rare or ambiguous
lithologies such as “lignite,” “wood,” or “volcanics” may be
incorrectly assigned to a hydrogeologic unit.

The lack of data in some areas and at lower depths
contribute to uncertainty. Some areas within the 3D HFM
boundary contain few wells, such as north of Parma or the
southeastern part of the model area (fig. 4). Similarly, because
most wells are drilled to the minimum possible depth with
sufficient water, the number of well completions decline with
depth. Thus, the 3D HFM contains more uncertainty with
increasing depth. In these areas that lack data, the interpolation
algorithm used in Rockworks17™ may not calculate
lithologies correctly.

Where faults cause juxtaposition of sedimentary
hydrogeologic units with bedrock or basalts, such as the
east Boise fault of Squires and others (1992), the fault is
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implicitly represented in the 3D HFM. Otherwise, faults were
not included in the current model for several reasons. Most
mapped faults occur in older bedrock either bounding or
underlying the WSRP aquifer system. The faults that do occur
within the coarse- and fine-grained WSRP hydrogeologic
units tend to be covered by younger sediment and thus have
uncertain locations. Additionally, the dip and extent of these
faults in the subsurface is usually uncertain.

Application to a Groundwater-Flow Model

The 3D HFM can be used to delineate layers for a
groundwater-flow model, although vertical heterogeneity
would probably yield only two to three layers that would
likely be unrepresentative of head conditions within the
aquifer system. A more representative approach would be to
define groundwater-flow model layers on the basis of head
conditions and then delineate hydraulic-property zonation
within a given layer with the 3D HFM. Several methods are
available in Rockworks17™ to accomplish such zonation. The
first approach extracts a planar or irregular surface from within
the 3D HFM that shows hydrogeologic units on this surface.
Rockworks17™ contains export tools to create zone files
directly for MODFLOW or Groundwater Vistas™ in the same
manner. The second approach extracts a three-dimensional
horizontal planar body of designated thickness from the
3D HFM and converts it to a two-dimensional grid. The
planar body may be more than one voxel thick, if so, the
hydrogeologic unit assigned to the grid value may be
determined several ways, including the value at a specific
plane with the body or the arithmetic or geometric means of
the vertical voxel values. Depending on how groundwater-flow
model layers are defined, it is possible that both approaches
could be used to create hydrogeologic-unit zonation within
the model layer. The cell size of a groundwater-flow model
may require further simplification of the hydrogeologic-unit
zonation to eliminate small inliers or irregular shapes.

Conceptual Groundwater Budget

A water budget is an accounting of water and its
movement in a hydrologic system for a specified time period,;
it may include groundwater, surface water, or both. Water
budgets allow water-resource scientists and managers to
understand how the hydrologic system functions, and they are
necessary for the construction of groundwater-flow models.
Some inflows and outflows of a system cannot be measured
directly (such as subsurface flow into or out of an aquifer) and
must be estimated. The result is uncertainty about individual
components as well as total inflow and outflow volumes.
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Figure 4. Wells used to generate the three-dimensional hydrogeologic framework and lines of section, western Snake River
Plain, southwestern Idaho and easternmost Oregon.
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Figure 5. Perspective view of horizontal slices at 500-ft intervals through the three-dimensional hydrogeologic framework model. View
is from the southwest looking to the northeast from an elevation of 20 degrees above the horizon. Vertical exaggeration is 50 times.
Horizontal and vertical scale is variable owing to the effects of perspective view. Colors may appear variable owing to the effects of
illumination from above and southeast.
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Figure 6. Perspective view of vertical cross sections of the three-dimensional hydrogeologic framework model. View is from the
southeast looking to the northwest from an elevation of 40 degrees above the horizon. Vertical exaggeration is 5 times. Horizontal and
vertical scale is variable owing to the effects of perspective view. Colors appear variable owing to the effects of illumination from above
and southeast. Lines of section are shown on figure 4.



As described in the “Previous Work™ section, a number
of groundwater budgets have been developed for substantial
portions of the WSRP; the most useful for the current
report are those of Newton (1991), Urban (2004), Schmidt
and others (2008), and Sukow (2012). The Newton (1991)
groundwater budget shown in table 6 is for 1980 and covers
the entire WSRP (fig. 3). Urban (2004) constructed 1996 and
2000 groundwater budgets for the area of Petrich’s (2004a)
groundwater-flow model of the Treasure Valley; table 6
shows the means of the two (fig. 3). Schmidt and others
(2008) constructed a combined groundwater/surface-water
budget for the Treasure Valley to which Sukow (2012) added
data for the Payette River valley for use in Johnson’s (2013)
groundwater-flow model (table 6; fig. 3). Table 6 shows all
of the components of the Newton (1991) and Urban (2004)
budgets. In table 6, the Schmidt and others (2008) and Sukow
(2012) budgets are combined and only groundwater budget
components are shown. Caution is warranted in comparing
the budgets because of differing areas, time periods, and the
manner in which individual budget components are combined.
Particularly, the Newton (1991) model domain contains over
twice the land area of the other budgets, including large areas
of uncultivated desert and a large number of constant flux
boundary cells representing underflow. The reader is referred
to the original publications for details.

Inflows

Inflow to the aquifer (or recharge) occurs from several
main sources: seepage from irrigation canals, direct infiltration
from precipitation and excess irrigation water, seepage from
the Boise and Payette Rivers and Lake Lowell, and subsurface
inflow from adjoining uplands.

Newton (1991) estimated that 80 percent of total
recharge to the WSRP aquifer system was from infiltration
of surface-water irrigation (including canal seepage), with
an additional 2.3 percent from infiltration of precipitation.

The largest component of Urban’s (2004) groundwater
recharge was canal seepage (54 percent), followed by flood
irrigation and precipitation (33 percent) and recharge from
precipitation by other land uses (5.4 percent), for a total of
92 percent. The combined Schmidt and others (2008) and
Sukow (2012) budgets estimate that of the total groundwater
recharge, 48 percent is canal seepage, 46 percent is total
on-farm infiltration, 1.6 percent is infiltration of precipitation
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on non-irrigated lands, and less than 1 percent is infiltration
of precipitation on domestic, commercial, municipal, and
industrial lands.

Underflow into the WSRP aquifer system was estimated
as 18 percent of the total groundwater recharge by Newton
(1991), less than 1 percent by Urban (2004), and 4.1 percent
by Sukow (2012).

Urban (2004) estimated that seepage from Lake Lowell
was 20,100 acre-ft or about 2 percent of the total inflow to the
aquifer. Schmidt and others (2008) estimated that 3,752 acre-ft
seeped into Lake Lowell representing less than 1 percent of
the total outflow from the aquifer.

Urban (2004) identified percolation from rural domestic
septic systems as an additional component of less than 1
percent of the total groundwater recharge.

Outflows

The three main components of outflow (or discharge)
from the aquifer system are: discharge to surface water
(rivers, agricultural drains, streams, and Lake Lowell),
groundwater pumping, and to a much lesser degree, direct
evapotranspiration from groundwater.

Newton (1991) and Urban (2004) estimated that of total
groundwater discharge, 83 and 82 percent, respectively, was
to rivers and drains. The combined Schmidt and others (2008)
and Sukow (2012) budgets show that 51 percent of total
groundwater discharge is to agricultural drains and 33 percent
to rivers.

Pumpage from wells is considered the second-largest
source of groundwater discharge in all four water budgets.
Newton (1991) estimated 17 percent and Urban (2004) 18
percent. The combined Schmidt and others (2008) and Sukow
(2012) budgets divided pumpage into irrigation (8.9 percent)
and domestic, commercial, municipal, and industrial (5.6
percent).

The combined Schmidt and others (2008) and Sukow
(2012) budgets estimated aquifer discharge to wetlands
and Lake Lowell as 1.4 and less than 1 percent of the total
discharge, respectively. None of the water budgets included
direct evapotranspiration from groundwater (by riparian
vegetation) as a separate component; however, Newton
(1991) stated that, “Although [evapotranspiration] from
shallow ground water may be significant in local areas, [it] is
negligible relative to the total ground-water budget.”
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Table 6. Summary of selected western Snake River Plain groundwater budgets by previous authors.

[Component names and significant figures are as shown in the originals. Abbreviations: acre-ft/yr, acre-feet per year; —, not applicable]

Inflows Outflows
Volume Percentage of Volume Percentage of
Budget Component—Continued (acre-ft/yr)— total inflow— (acre-ft/yr)— total outflow—
Continued Continued Continued Continued
Inflows Outflows
Newton (1991), 1980 conditions
Infiltration from surface-water irrigation 1,400,000 80 - -
Underflow across boundaries 310,000 18 - -
Direct precipitation 40,000 23 - -
Groundwater discharge to rivers and drains — - 1,450,000 83
Groundwater pumping - - 300,000 17
Totals 1,750,000 1,750,000
Urban (2004), mean of 1996 and 2000 conditions
Canal seepage 573,750 54 - -
Flood irrigation and precipitation 353,200 33 - -
Recharge from precipitation by other land uses 56,850 5.4 - -
Seepage from rivers and streams 46,500 4.4 - -
Seepage from Lake Lowell 20,100 1.9 - -
Rural domestic septic systems 4,800 0.45 - -
Underflow 4,300 0.41 - -
Discharge to rivers and drains - - 847,800 82
Domestic and industrial withdrawals - - 71,400 6.9
Agricultural irrigation - - 62,500 6.0
Rural domestic withdrawals - - 25,500 2.5
Self-supplied industrial - - 14,600 1.4
Municipal irrigation - - 10,000 0.97
Stock watering - - 3,000 0.29
Totals 1,059,500 1,034,800
Schmidt and others (2008) and Sukow (2012), mean 1967-97 conditions
Canal seepage 702,375 48 - -
Total on-farm infiltration (irrigation and precipitation) 674,699 46 - -
Tributary underflow (north of Payette River) 59,389 4.1 - -
Direct precipitation (non-irrigated lands) 23,470 1.6 - -
Direct precipitation (domestic, commercial, municipal, and industrial
lands) 1,793 0.12 - -
Groundwater discharge to drains - - 785,216 51
Groundwater discharge to rivers - - 501,802 33
Pumping (irrigation) - - 136,147 8.9
Pumping (domestic, commercial, municipal, and industrial) - - 85,834 5.6
Aquifer discharge to wetlands - - 21,339 1.4
Aquifer discharge to Lake Lowell - - 3,752 0.24

Totals 1,461,726

1,534,090




Summary

The population of the Treasure Valley and surrounding
area of southwestern Idaho and easternmost Oregon more
than doubled between 1990 and 2017; in 2017 it contained
about 41 percent of the population of Idaho (U.S. Census
Bureau, 2019). Because most of the population of the area
depends on groundwater for domestic supply, either from
domestic or municipal-supply wells, current and projected
rapid population growth in this area has caused concern about
the long-term sustainability of the groundwater resource.

The U.S. Geological Survey, in cooperation with the Idaho
Water Resource Board and the Idaho Department of Water
Resources, began a project in 2016 to construct a numerical
groundwater-flow model of the westernmost western Snake
River Plain (WSRP) aquifer system in the area. As part of
this project a three-dimensional hydrogeologic framework
model (3D HFM) of the aquifer system was generated using
Rockware Rockworks17™ three-dimensional modeling
software with lithologic data from 291 well-driller reports as
the primary data source.

The areal extent of the 3D HFM corresponds to the
model domain of a groundwater-flow model by Johnson
(2013). The voxel size of the 3D HFM was 400-m by 400-m
in the horizontal dimension and 50 ft in the vertical dimension
(1,312-ft by 50-ft or 400-m by 15-m), which is sufficient for
the construction of a regional groundwater-flow model. A total
of 28 lithology types were defined in Rockworks17™ based
upon well-driller report descriptions and then assigned to one
of four major hydrogeologic units: coarse-grained fluvial and
alluvial deposits, Pliocene-Pleistocene and Miocene basalts,
fine-grained lacustrine deposits, and granitic and rhyolitic
bedrock. Generally, the 3D HFM is in agreement with the
geologic history of the WSRP and hydrogeologic frameworks
developed by previous authors.

The major components of inflow (or recharge) to the
WSRP aquifer system are seepage from irrigation canals,
direct infiltration from precipitation and excess irrigation
water, seepage from the Boise and Payette Rivers and Lake
Lowell, and subsurface inflow from adjoining uplands. The
major components of outflow (or discharge) from the aquifer
system are discharge to surface water (rivers, agricultural
drains, streams, and Lake Lowell), groundwater pumping,
and to a much lesser degree, direct evapotranspiration from
groundwater.
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